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WD 2007/ 126967 PCT/ US2007/ 007782 -1 ATMOSPHERI C

PRESSURE M CROMVE PLASMA TREATED POROUS MEMBRANES
WOROSS28EFERENCE TO RELATED APPLI CATI ONS Thi s PCT/US2007/007782

application clains the benefit U S. Provisiona

application no.: 60/788,802, filed April 3, 2006, and

the benefit of U S. Provisional application no.:

60/ 833,570, filed July 27, 2006, the contents of

these applications incorporated by reference in their

entirety into the present §peC|f|cat|on 5 BACKGROUND

Filtration can be used in the pharmaceutical,

mmesbﬁgmerpmss@ﬁsmﬂékoﬂmi\f@?msmmmﬁﬂ POROUS
provi de product and process purit I'n these
appl i cations, porous n@%ﬁkﬁﬂﬁébE§% reane

particul ate, ionic, and other contam nants from

fluids. Fhess REFERE Mm@mﬁ@w{m@ can

range fromthe ultrafi tratlon apprOX|nat 001 m
to mcrofiltration io % OX|nateI ,n&
Thisarplicatien claimsihebenptiz aRrpmsz@na %n@aﬁWSS 802, filed

April 3, 2006 £1d (RO b¥REH: ¢ U8 Bio¥isdsih BEMifeaBBARH!: 3BV& 3 570, , filed July 27,

retention, pore size or pore size distributi of,
2006, the gpientsaf thessapglicasions innoreeyated byirefespmedn shaieatitghydisto the
on the order of fromabout 0.01 to about
pnment%ﬁﬁﬁﬁggggns and can be chosen dependi ng upon the
particle size or type of inpurity to be renoved,
pressure drop require fgg scosity requirenents
of the is application. In use, the porous nenbranes

BitfatiRNahdelibed HEGE %ﬁﬁﬁf&utxahom@cﬁ&%@&nw lchBmiica] and food
adapted to be inserted within a fluid streamto effect

industrigsdgpyaryide prosuet and Rroces§iRvrdYr gaﬁhpmp@rcafaon% PPIAUS MerRfFAnes can
remove Bﬁl‘&%ﬁﬁ@e fidedE Oy él dthét c@nidnlu'hﬁl?tts' 1d§uﬂlé§e%?'&@;ml3§1branes, whose -

usual carried out passing t process f
pore siz¢ harotagxlge 2@ thwelltreﬁﬂturaann (:ﬁpdrb:emanciu &r00d dinj feemderbiiktation
re a ros t he nbrane which cr
(approx gy oSBT SR e ierTEo B8 GO b Ry stable
polymeﬁ&mugnaﬁ&ﬁa@mhfa@m&mﬁn bordlizor Poed §ide biskAitRA, and
rience a pressure drop across the porous nenbr ane

thicknesgnd be e R ROFB TRITODSISIREMPHINgS FLIFARF S8 the prdss gf from about

0.01 to abdub 5 R rﬁ&%&ﬁseaﬁd Ea{r%eeéﬁdséﬁ d@}%hd?rllgslﬁbc{nelﬁg tarticﬁe tibe or type of
precipitation of dissolved gases fromthe liquid; the

impurity ’iod?ﬁ SR e HECtRYET dreRrPeRisEnGTts tand vamrwmmn@ dfdhke
apphcatﬁmzﬁl {i‘éeg BRI p R ORCEREbRIHR Bre Q«Inegdlﬁslgj: tggrﬂéfﬁﬁo LRRDick Rfhich is

on the downstreamsid Oor ous nbr ane.
adapted ’fchb% lrﬁeﬁm withara flael yesasto esffﬁ,qﬁ rqso*eal ef phrtiglesgmigrperganisms or a

sohneﬁéﬁgﬁgg&kHﬁu p l'iquids at higher pressures than in

s at lTower pressures. As the liquid passes from
the upstream side of the porous nenbrane to the

ST S 9285 BRRBG  Pass i v
the membrane filter under a differential pressure across the membrane which creates a zone of
higher pressure on the upstream side of the membrane than on the downstream side. Liquids
being filtered experience a pressure drop across the porous membrane and the membrane is
subject to a mechanical stress. This pressure differential can also result in the precipitation of
dissolved gases from the liquid; the liquid on the upstream side of the porous membrane has a
higher concentration of dissolved gases than the liquid on the downstream side of the porous
membrane. This occurs because gases, such as air, have greater solubility in liquids at higher
pressures than in liquids at lower pressures. As the liquid passes from the upstream side of the

porous membrane to the downstream side, dissolved gases can come out of solution and form
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bubbles in the Iiquid and or on porous nenbrane
surfaces. This precipitation of gas is comonly
wo edoene@d’ t 0 as outgassing of the liquid. QutgeeFURODH07782
a liquid can al so occur spantaneously w thout a
pressure differential as long as the liquid contains
di ssol ved gases and there is a driving force for the
gases to conme out of solution, such as nucleating
sites, a change 5 in tenperature, or_a change in
bubbles irhihweilispid ashpoe poOIoNS ptembrerssirfages. nThis @reaipitationo gas is

commorlly I8 ¥ o5 HBR QRS e A" DAY Dy ) S occur

spontanevmnly withanta nrésspl‘eadnrf&mmial asa]oag as ¢ kiqpnd gottainsatissobved, gases and

tere is £08 e IR RAPL R gt S b g b B g ies, 2 chanee

in tempeaathines BE 8 chaimde 1&8:hahﬁ@h ebmpasition ehds e¢sultk i tHeddrmation of bubbles or
chem II actiyve, such a conc ntrate Heou ci ds

gas pocksts gy e Sutlres PRADPBN g b SOHAS R paed in the

manufad‘tlhﬂetd'f ?hhﬁﬂa&ﬁn&il@ %@nﬁ&ﬁﬂh@t@k‘ b¥viesd, ax@ dis?ﬂij'ls Qan Benedd very high

fromthe use of chemcally inert filter to pr event
purity waehifzaRated dthterd ReTosileaatainag lignidsneregrictspIvamtscich 4 alcohol, and
others hf;ﬁ%k' EEerhﬂ:all? %EEAC A8 & BlcehtAld chdeBQS L&l 3% Bkl MARh can contain
[ter during use. Menbrane filters nade from

an Odelﬁ%ﬂ ogenat ed pol yol efins, for exanple fluorine

cont ai ni ng pol ynmers I|ke pol yt et raf | uor oet hyl ene 1s

MERbLERRTMRhNoN bE {Hed& thdrlichilE 881vRARN Ui EP dn@B s from the use of a

Fl uori ne-contai ning polyners are well known for their
chemicaflldgrt fifter toarreyien snembraag éw@ﬁtonra@sh lesspfciatagpity which can result in
extractaﬁl@?ﬁﬁt@ﬁil Lﬁ?lcelfi?asg(li H‘Q e Hep Hﬂhﬁ‘é ngh RELYBBhe filters made from

nbranes have OMISUT ace energy, they are
halogenﬁy@l pobiebifing, foaredample Biaine qontdning polymerd dikk polytetraflnoroethylene
r, f th [

are com%t%hé{ﬁflfzggi él?és&ﬁbéﬁé%lgbg Hglltogﬁ':e on%?ﬁiﬁg Bgllgjrﬂeiq'y ax%swai known for
their cheguniclaoerthess ahdextdiont tdsstawe tackenacelr aj.;gackaf Fidweine containing

menbr ane. e 20 filtrati f o as
polymer b RESHPTIE oI OB (67 ety iRiHE SriBoptrg embranes
made frdfR RUEIRPElyhRhs aﬂ&rdiﬁ‘ic?ﬁ t llﬂi‘dt edth aft@ugsust B%ulfiﬁd) br 8ihss leluﬁaﬁi which have
. ses to cope out.of solution under the driving forc
s’gmﬁcag‘?ly gr ﬁ%erpﬁ%gﬁ fensipry than the Susface BRSTRY of He ‘?‘F‘P’PF%’FI Qpnng the

ﬁltrat10r%ﬂ§‘aﬁ§§ssu@ﬂ$cﬁﬁdé/\ﬁhtﬁfh 16,/A6&p HoBic %&oﬁ@iﬂéﬁib@ﬂwﬂhé P68 membrane can
nucl eating sites on the hydr obi ¢ nenbrane surf aces,

provide PH@P%}H}%@%F fer disselyebgasgy 3¢ PuRESORHIPn WHder s force of
the pres§ifre BARIFBAEA] ‘Buﬁﬂgftl@@ﬁﬁrati%ﬁrﬂ)rééysén G85esRAGKE bSmWYuE Bf solution at these

adhere to the nenbrane. As hese ?as pockets grow
nucleatipg sitgs Qo Ha&yderdghid tﬁaééra@msg%f@wn@c udineg thedyteegpereisyriaces and
the extedbSH o diid E'l!u‘i}accg rondhs fgag’{)s&eg whilf aﬁ'ﬁ%r@@ﬁe Wehiblane. As

can reduce the effective [tration area of
these gagrpatireiherow Mhiize gicieoipntioned sutgassilg, thayahay bmin todisplace liquid

j . o Liaui d-

rom RUEL Ll BRI 5y TRIGECA8 SRS, RS Y e merane
This phamenieman és anellyraftusility as dewetting of ihwt orgas mkeibiract since the liquid-

L of a o Qus menbr a
wetted, cgrglc r18 gigloegtpo %uscff{}.\mmggroug rﬁ%%rreag{ ('iual?@LF@Hvs@ec? mto gas-filled
portionshydr ophobi ¢ nmenbrane wet with an aqueous fluid, is
exposed to a gas such as air. It has been found t hat

DN g ST SR Bhs B PF LB A 56 P BB TP BaERo kB advelpembrane,
such as hhgdrabkebib e@a’mlﬁlfahél et hath dnheueaeflvit, sixpBsedo a gas such as air. It

has been t%unél :h'%aq %}(131; dggg{tHlJSgZp %Z)ér%%rzgé (2)ccurs more frequently and is more

pronounced in fluorocarbon-based membranes. It has also been found that the rate at which
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3 dewetting occurs is greater in small pore size
menbranes such as 0.2 mcrons or less, than in |arger
wW@eIog/13498 nenbranes. Thus, as the nenbrane fiPCEDS2007/007782

dewets with time, it beconess nore difficult to purify

or filter the sanme volunme of process liquid per unit

time as when the filter was newly installed and s

therefore conpletely wet. Installation of new filter,

re-wetting the dewet filter, or changes in process to
dewettingmpgursda geeatagin méﬂrmamé@lmemmsw@hm P Zrmicaens driess, than in

goTe/-Ts ng costs for the wuser. Re-wetting is

lmgaqxgkgﬂﬁggnsuﬁ?%%, often utilizes flanmmabl e |iquids which

must be disposed of, and requires flushing which

Thalseas the memipre fijtentiewets valrtime.ds beromesiipete diffealtdd purify or

e o By 5 AT Py P Ri o s

therefor@ad)mpleteﬂ’ja blet. Chtstaithu i aew\tﬂter,&fé#\ﬁétﬁﬁg thedisedtdies, ar changes in

process gc;e d \ a?te'fgiio 2 fF duceg Il%lé.lg(f Qn‘\p, sagf ke: itl)lgo l%lghgr ﬁe%rfagecosts for the
user. R@Wﬂ:ttlﬂg i8 yldid)dimrsﬁtrﬁng rdtea nitilizexfidrmmablel ligdswhichrhudt bk disposed
nd ex osing t he menbrane and

t hape
of, and TSS'I“E]‘?Si fi)'ﬁﬂf B‘ﬂ‘ glfeSLW“ ‘I nt ernati onal Patent
Publ i cati on Nunber WY 04/ 007060 di scloses a 'nethod to
R fent®Fate mfdceahevaﬂb&nlﬂséa@a to amkidafyi thairipRofidres and make them

more byRigER e QRSP B PAr IR of Clgn LA o Laper WO

03/070783 slwctosbma fRitiadd @q”tﬁlﬁatzamle%socfomﬂ:hﬁy OE alhé@nBraad By exposing it to
% ire _extensjv ({ of th nbr ane hefore usg

a reactaqltrf: ﬁ.}t)@q &ﬁxwp‘iﬁj "(‘;‘Ht or%ﬁ #Rq, ant ei1g a sqfyent Iike

dxchloroli%ﬂm@haﬁd &xp3tite tns EﬁHn&lﬁﬁﬁe b us@Rdo &EF& w hIntematlonal Patent

ic chem c ‘as -described in

PublicatiQip peies B0/PARI70a0 Siseionss & medwade faasify BREE membrane via UV

. radxatlox{ M ﬁ% SeRORGF ﬁﬁ%@ﬁ or 3Ry chdtnli Q. 2P\ ?ﬁ?&ﬁ.ﬁods mvol&ze use of sodium

58577. Co por ous nenbranes can be use
containigg m?@éniﬁw@lgluwa@éu n@rr@}al egtragtpfles Gapodictreembrabe awéseqmre

| . extensw%cmﬁﬁﬁlrg cgfg{? ﬁl%ﬂ{blr ﬂ)ét‘o{eyl&leci@h |g1 o@gﬂ# gghé tiofls. nﬁﬁg{}%pﬁxethod to
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rom a vent, o exanpl e a Tvent _
make therJnh‘eQTﬁEommhgms &pto cohi BT ati fhrigyduoplubis shemivals as described in

(%4 f S r ..
u.s. Pat%RpA{) héal?ﬁn %@gfgt\}\%ng%lg ?Pg?mﬁ‘g'g% a?&g?%gmgggﬁag\%aacné rll’éibho::atlon
NumberdW€)OE6850%. @aatimggpdrous nembostes @anl bt used fmhaﬁgaﬁfeﬂneface energy

of the c%ggc?ljsf aCt Lt nﬁﬁrﬁ‘?’g’ﬁé’ h@tch Ot?rg%ﬁgﬁilgw g}?pgxeélgg grane from a

solvent, dmsadaﬁqﬂs afi attanid mﬂqemnaxm refinyesvautitn né@smmstdoeﬁtﬁg ﬁ@)cess can
TFE nenbrﬁqgs at sur es bet wee aboqt 0.0
modify ﬁ’ﬁd”i‘?)mtz%f’ thedosey AR &TSRERH herued OTRSth at needs to be

removed iV @iBposcdwiadaing tbithd tdst BA®AREBr membidse Mhf®facturing.
di scl osed that the nmenbrane is placed at an
| ect e-to: rane stanc froml to cm
Wews{\‘f’gaf%% B tgrfaa@%f BOTPHE P REROPERET0sT Hg.l’aﬁm%%-
5,282 96/$Jdi|sﬂomtrama\@ed®1@ﬁﬂy (mw) witauinplaemh irsatiti SETHB wieﬁnﬁrﬁﬂés at
% Wg? é& ressure or ou §, nmenbr ane conﬁact W t
pressures etgeB ADPHHR Od Ja dmd O do £ CFHIRFMYTaNE MR Heatign %*L&revem

membraﬁélﬂi%h'ﬂﬁrefak d.| Tt wWalsQMeAUSc18ded TRARMSRRNCAIRIR F1HRM ¢ 8N klctrode-to-
| ead to weakeni ng of the porous nenbrane.

membrang gistansg @f froprt to)29 % /io preygpt or avoid damage to the membrane surface. It

would not have been obvious from this disclosure that atmospheric pressure or porous

membrane contact with the electrode could be used to modify membrane without causing fibril

breakage or membrane damage that could lead to weakening of the porous membrane.
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4 US 6,074,534 discloses a device for inplenenting a

nmet hod of increasing the wettability of a porous body
WO R00a/12696T owave generated plasnma in vacuum cOneBCT/USI87/007782

The porous bodies are nade §rom sintered powders, for

exanpl e polyethylene, to formmarker tips having a

pore in the range from1 mcron to about to 50

m crons. The discl osure does not s disclose

conpositions or indicate how thin porous nenbranes, or
WS G O dudisolesns agievicstfor inaplamienting a npthed p@mszmemg the

wettabﬂ*tg lﬁ?a%;c;ggns%ﬁ#aqn Q%litc SRS eﬂ&a@%ﬁﬂﬁﬁﬁ? 15} ast’?&fdglér& The

rous terla s with sta
porous Hyidgds a¢ medgtftom @sntmrgd powdenspfos exmuplemzblmthﬂsmeo |f¢orm marker tips

having PhEE% e ARG BEH Littro b SRR soRRKE" TES gfslosust gpes not
dlsclose%&rﬁo@i‘lhoﬁb ofindichte Riwyshin pofyp meghbidheBotrahiesoporebs démbrane of

relatlvelé';g%ﬁ)sggnmrs éﬁg%é)fl’&ﬁ?ﬂ l?%,]trf(:)agﬁtgr Vel st %&ﬁ@ﬁggec' eatlgl fggm porous
materialk S¥ifAiEb18 WHabilitP bnd HidhakRng@Nt am nat i on),
crosslinking and branchi ng, and surface chem cal
tructure nodi fication 0 |ck no r
QoGP ook sl rher oresin ned apismyrpapatig (Shenton et .

J. Polyni2|S¢pinepyPana, vardh, BET1 095(@0122 rhndcsbfeﬁfdn&d ak rJthyseDeAbp lied
as the surface- ener

. of .the r e properties suc g
Physics Y°1139 22%@?5%&5201 1§}1§H%9B~?%? d syriacgcleape (FgpPYa) of weak
bounda:tyhb. rRAEIDHS gieREd) FABAR 2386ks dbid sPlceRbARMiRatisH) O8tDsslinking and

rane. contact wettable materials with Iong term

22

 branchifgapg srrtpgsychamical sirusture modelieatiop s Oahte t map thick non-porous
commocﬁ'égﬁ&gﬂki‘ %ﬁﬂs&‘rafe%tsﬁblpﬁgm bassen "ﬁ%’%ﬁ@ end, faﬁagiET Shenton

09, 718 di S¢l os€s nmospheric
observeg Ieahmemeh@%ﬂ ﬁutfachvpsq@es aeahtasahe sunfageteniergyl efdhe gubstrates.
hentorC@ % LAk
Shentorf @ 4 W0 Q0RY i forSonBHIRRED B4 oA Bl BTPBlembrane
contact p/fettalple npaterirla Meth(lpog tarsn whidadtili. tmatrwmemmntctwmtmg andihat
of I flnlnc} ding the cavitating

Subswm?%bﬁxfeﬁm?—cﬁ%r%%gan%]l% T St“ea ?‘ ink infiltration had

val ues | ess than about 60%| ndi cati ng that the porous

menbranes were not conpletely contact wettable with

Yhe Pah No. 15,309,348 dlSN@SCSRg gemeshedi plasoreiscamansfinaroes
membraﬂ'é??rﬁ@ {rf%h@: epor %!t%eré M2 R gtﬁ‘lo%%ﬁ&h{:ﬁ%xﬁg treRl2t Was reported

substrates t
to lmprcmﬁdhe pmhiOPblhcsnemme; p Bt magnbriahenfprofinshesk @iphisrdarbto 10 micron

pres o S SRR A BBl U PUESROMIEHs ey cniraion

had valugisdess thart ghoualb8%werdeating thatrthedbaroes spewbiransls vesre antcompletely

comact%ggﬁr “;lﬁjﬁ%%%h{re fromabout 3 to about 10 second
ptiontinmes. Short exposure tinmes and use of

th| ck rreltbl own materials were used to reduce danage
to the substrate being treated. It 30 would not have

YeeRabiNa- 0805 158 dieclpeasgimosnhssic meppsie RE plasmar (33, MHz)
ueanneﬁ\ydr%)@%'clﬂlﬁlsr@ &4, 'o? 3rous§ G oY QR tﬁl@x‘n mgﬁl,g fhifc. S

ranes ausl n anmage to ranes.
treatmemQiA¢sl f@ggammja'/l ﬁ&@@a /5@@5@3@ wéye used for spun bonded polypropylene

sample to make them water wettable. These materials were not immediately wettable, and
appear to require from about 3 to about 10 second absorption times. Short exposure times and
use of thick meltblown materials were used to reduce damage to the substrate being treated. It
would not have been obvious to use longer treatment times to form hydrophilic materials,

especially on thin porous membranes, without causing damage to the membranes.



10

20

25

30

U S. Pat. No. 6,118,218 discloses incorporating a

porous netallic layer in one of the electrodes of a
WEb@3eeotT eat nent system A plasma gas i s inj et BUSINT/07782

the electrode at substantia |y atnospheric pressure

and allowed to diffuse through the porous | ayer,

thereby form ng a uniform gl ow di scharge pl asna.

Organic films such as pol ypropyl ene, polyethylene, s

and pol yet hyl ene teraphthal ate substrates, comonly

WiSeBai. Na. lod 1823 8-diseddasy inngrpordiisg p porans meetalfiedayesdn ppe of the

clectrodgg St Fp AR W FHIRIRRE ATIESRLRY STopRab ¥, clocraf o

substantiafity atmng[ﬁxemctmeesmemlﬁl diealdidao Gﬁlffﬁmthrmxghlme pbous layer, thereby

resujts: dIS | osed.t hat ste
forming 3 RtorR Lol st TrgRE Qipi SandhER e afbtieyiee polyethylene,
and polyletig et @t Hphttatae sibistidtcd edrikmopBSwsel lie the\foby-packiging\hidastry, were

treated iy ﬁ%?%'éne' éqsaﬁ%%&%@gig%a PF@&%&Y&?E%%%%B%%}%S yere used in

the 60 Hzzo 20N&15 Hinke Wai1R0LASceableldiffeee {1l @€ rédults® HOPREHEQLsed that a
to decrease with tinme follow ng atnospheric plasm

steady elqve disrbrec copldeeaer weded suistapially lowes Bpausaicg thap previously
posmbleKR@a%l'y'{Eﬁs were Q%xa}‘éﬁbméfy “Hﬁi §&Eéss at PWH 2684 Mosk Elo%@hs%hrge was

uorinated Pol yners ’5%% crowave Pl asnas,
produced@h&sfivsncicazs 13 ag 693t syrfase engysyofdbe W@dtfeﬁﬁﬁ films,appeared to
0,
decreas i ThO Wl Suink Sk BAGR Rl eolhlh SREIERMEN By up to 20% or
more. jnvention include conpositions. conprising a-porous
pol ynmeric nenbrane where one or nore surfaces of the

THENARE "R \G2RRER . ?ﬁﬁbﬁ' QS:{.rijéée%o &f i’ﬁorigat}gd Pglymers by

pressure M cr owave asnm asnma no
MicrowaegPlasmas.|' §. AdhestimngBt 3l 9&@@1 onslsrtemrm;omi wetabibin efonicrowave

, | wat er, where the
‘plasmat%étgdnm#gnohle%%wa%&ﬂ%t é;@\%—a% er in the first solution

to contact wet the APMW pl asnma nodified porous
menbrane is |ess than t SIMMARYM amount of MeOH in
water in a reference or control sol ution that contact
Yeasiong of e naention inglide comppbisions coOMpripive GPeTeMsHN ¥meric

membrahg ﬁ%aﬂﬁf@gf‘éﬁfacw@f t'th@\fﬁéf]ﬁbx%ﬁe h?x‘?? et ‘ﬁ ii%az 2an atmospheric

I n contac aro ctro
pressuret m@roQSV@(nghsnai Thg ptrewiaceodified mentmaae & manddeetting and
ed in.v us cl-es a r
can be vyé 0?1 émtac vaﬁ% t;xra¥ gol r|| of‘ Me rré n}bv;%geg,e xgrﬁg'rg ct)lﬁreem\%/% %Suef‘n amount of
MeOH mfw:nthem m'e dmsti hltmneto «:onqaosweu tha skRMh‘fj plasmagn@chﬁed porous

membragf (OB o hOtonfias Kol ERE B whBH b 4 fiflsBegongontrol

solutiontthat caeady mafearhdtesateds heatGhnipte ofitie @bﬁonsshdsmblrmdl It @fe versions

of the m(\)l/eg rhg}ﬁnrg%%ﬁgarnlﬁ ﬁsd&qasfswg 1?1%(: r%éﬁ%’;? 381 $) go%atmg electrode of the
plasma gaieratpeddviide] TR theattirhadEsh e tideddn vafiblid ididledffoOfeattfid mass
ot b 35 Qe SR Bl oD, oo o o 1

wat er. WO 2007/ 126967 PCT/ US2007/ 007782 6

Some versions of the invention are compositions comprising an uncoated porous
polymeric membrane made from a halogenated polyolefin where one or more surfaces of the
membrane have a structure and chemistry modified by an atmospheric pressure microwave
plasma treatment. The plasma modified membrane 1s non-dewetting and wettable with a
solution of 96 wt% or less of MeOH in water while an untreated sample is contact wet with a

solution of 97 wt% of MeOH in water.
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The surface of the nenbrane can be nodified in an APMNV
pl asma conprising a source of oxygen. The
woedeeset ti ng surface nodified menbrane can hBOBUS2007/007782

oxygen to carbon ratio thate differs fromthe

untreated nenbrane. In versions of the porous nenbrane

conposition the O Cratio characterizes a nenbrane

that i s honpgeneously wettable with a first solution

of MeOH in water, where the m ni num anount of MeCH

The Wfaé? of Hletrnembr%pa% b madified i ¥bNPHEW plogma gomaprising a source
of oxygcﬁp ﬁcgﬁ Ht@\ﬁg@ﬁ %?ﬁugcrgqgg%o%%ﬁt %I?fn%ﬂ@ chi hé’J\Aea %n:d??}lgeh% &Brbon ratio
that diff¢reffmue ﬁmeumreatﬁdnncmbra@cl It vewsionhaf thcmmxstmemb@na gomposition the

f €

O/C ratil %ﬁgﬁ\%ﬁge% %gf’e br 13% rrf %%n@cﬁfsw Hﬁ{fg wid aﬁ}sPsolutlon of
MeOH inatater, whexd theenih:mumgnﬂﬁﬂﬁ of Me3H ib yvaMr in fthd\z&l@-lsolim\on to contact

wet the BV RSO A: Srob Gy SR i 20 15y 18 iz e mihirmum

amount 6f MfeGHl i a/ateitin @ r&i8renté of Gfitrol e hutioahatidaatadt wE:i’QQn untreated, neat

invention the, O Cratio of the fied nenbra
sample & JhF BOOA IR HEN G (RSERC SRS Do I SAABO0E Hemol and water
mixture Su%gcge% of 1ds$By RO NEOR T S68e meféhcfﬂseﬂe Bvuﬁehﬁvemmn the O/C
t nospheri c pressure m cr owave |l asma i n versi on of

ratio of i nOGAER ERegHDHES BIrGIGFt SDS bruierD rhPutd}-Suprd afant 0.08. In some

versmnsrfﬁé BP e et Verdtivat thmé rhiio oftheGRVAITRH M&hEBRE Surtddes céh be between
first solution of MeOH in water, where the m ni mum

about 0.@4anhebet MMH in water .in the first sol uti on to
contact wet the porous menbrane is at |east wt %
Slﬁ?&%es 8P the Poro&ABmBAIE St fidd b&%&mﬁ%ﬁ&&spreﬁéﬁ?@m‘i&%wave
m ni mum anmount of McOH in water in a erence
plasma iggiegsipp RE thednventiondwve naifacefngtienal graps sadmarhglogy that make it
contact WEftAH1E ME?S@ Solufibf of tm %Eéraahlmlett}{e nfhintd} SHount of MeOH
m crowave plasma treated polymeritc memhrane surfaces
in waterrin g fitst aolotiam irecorsact 2Get @mmuammmmmamg@dstam% fess, and in
some ve;sqg% ﬁ?ﬁ%‘i Qk}l s rthc:’flstgg %ﬁlh%lluh% a%o%% %f M)eOP} 911 9«%¥§ m 5 reference
nor e. e plasma

yneri c porous ne

‘solutionaha qmotacdmmestaxi urgreatedisatoipd of ﬁhe promqscrﬁe:hbmne ﬂ‘haaomtact wettability

of these mlehowoave.ﬁ%%s ab?rga E%&)Hﬁﬁ%ﬁ] Zrcr:)ieh%?ar% f ng%tﬁgl:)rps lgln%hanged or
essentlaby aﬁshmgeﬂuﬁd onesntaipd stabie ofmesichtially erablefor 1 dayd@ iBore. The

ha|n ores or di stri butjon of es t hat ..

plasma B Hed B BekiE Bordas Plenthstn i Wt ihE BShdhshhe composition
rernains Wt SVieEquiil @ ARO E St Bt TRIIDERRNEARIng YiHAId. Ses one or nore

| ayers which can have pores that have the sane or

i fferent si,ze the vari,ous | aye The por,ous

e AR R el g Bt SRR o e aishe el e maified can be

a single $ayet abhagfpﬁfesl dra difttiBtitied o fiferes kiht pesBRAY ﬁéﬁlhE partidk€retention. In
is Iesg t han about, 30 microns thic The

some Vefﬁa?% PR 4RET BEEHC B8 GRTEBEERPISI o e RS Which G have pores
that havé BMERIM D8 diffRRne SiEb i BeivaRots 14Vefs. CHRVS rB® @ Embrane can have a
menmhrane 30 tenperature, gas type and gas flow, plasnma

thicknesg éﬁg ichgmicah sesistanse faitable foratsintraded e, |nz somg Vergioms thgymembrane
is less tHaRQLBAE 90'fiBBADIAAE G pBFAN HEmblan }y'cmbla HREQ¥&S and

stable wettability vvhlle substanti al | retaining the

strength of the un-nodified porous merrbrane The

Inoieptiomt plohe srvephan.the cemhtatios 94 e aye pevichgembrane
temperalREIRANGSe asFdw &ngae&\:‘ﬂs Ugn d t}r@%@%@ﬂrﬂgmﬁ)hﬁlze surfaces

pressure V\D 2007/ 12’ 967 PCT/ US2007/ 00
of the porous membrane and provide it with improved and stable wettability while substantially

retaining the strength of the un-modified porous membrane. The combination of plasma

conditions provide porous membranes that are non-dewetting. These atmospheric pressure
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7 mcrowave plasma surface nodified porous nmenbranes
can have a strength is at least 70% at |east 80% or
wa@toozaa®t7 90% or nore of the strength of the pPeDUS2007/007782

menbrane w t hout the atnospheric pressure mcrowave

pl asma nodi fied surface. One version of the invention

IS a conposition conprising an m croporous polyneric 5

menbrane of a hal ogenated pol yol efin, the nicroporous

menhrane having a_sieving LRV of at [least 3 for
mlcrowwed?leﬁm%ﬁm&%m@ IE%P?W%IF sxembrages Gag haye mslzfénaaﬂ@at lcast 70%, at
least 80%)8r mﬁw@@wyﬁmwtﬁe Streflaf o B RirofPiEnRtR S\p@%dt the

pressure mcrowave plasma nodif surfaces
atmosphegigtpressere miszewayesplasma moyhﬁ%?ur&@anpl e 1-2 seconds

and uniformy wet with a solution of 96 mﬁ 96or | ess

dﬁrﬁ%ﬂsﬁnwtﬁé i ?ﬁ&glspor&nEﬁOSMé rﬁ‘?% i Su &%ﬁs golymeric

[ asma no 10 Nne S ar
membra@@ 96 aéxalngsnatpdu aplylol@imvehet ratnrbpqrpus)memhearmdrqym a figvingsLRV of at

least 3 fglné qu'ﬂﬁ? &r smzﬁfe? ?g}ticﬂs_}% gpﬁlrlr% rﬂﬂg Ha{etr & é?mgf c{u% membrane

sonme ver ays’ un
has one of momg etmd'siphem prespue misrovevh pasma moddified |s0rfacssfontthe membrane

that are gfpl;glgp Og;éf(gl%g f;-g {fgcgoexﬁ% u%rféﬁléggo mfd T‘Fﬁg’g%‘ﬁp%h% %Ofa% wt % or less

MeOH inobdter plasedon thennbdifiedanrfidesh Tae ASKMW Pla3maanydf€Bd porous

The her j £honay | asma nodi fi ed:
membrapd SR e Sbie SRR E R I B ol e G ERes ot tse P hanged o
essentiaBy ftlw sdinclafierdi0st Mdredams, iR oM@ ek 618570 6k Botd diys @nliérkdnbient
In some versions the m ¢roporous polynerijc )
storage. {néﬂ'gp?rgué etﬁ-@nef %%erﬁgp%péthetlﬂ\éentxgpﬁ;ﬁg p]esurfaces modified

by an atloSBIseHcpratsurOMRNBwRl @B HBmhBApR Mt a £3Kle gE6:54 AEb18Las with a
the invention is a_ conposition that conprises or.
source qf QXY gefbs The ATRASBRBIORFESSUSS Mygreiaye Wan@dtéf:d ghicroporous
membraﬂ@ 1a98 RRL AL PRV £ iéa@t 3 E‘A}Q) MERB%Q@ 1@@? Sina liquid like
having a sieving 20 LRV of at |east on
water. I@rsomm\rqr@pnq)ﬁxetm@m@mw polymgue melmbrenmtceatmg‘free before the

atmosp}{'gn% 9%&%1%6@9%11@&&&%&? more at mospheric

sure m crowav asna nodified surfaces on the
nenbrane that_are_contact wet with a.solution, wherein
Pne versiinmfrthe mygntionis searhpesdiion that eeppprises or ipdudes a microporous

sty £ A6 FEIH 8L SRR 8 g
LRV ofiahlgastt hforfl. himenon mmnaﬂemartieheh maliqiid lillaat\eatei rTke microporous

t nt.act
menmbeey 88 ERE B 0ty el S S SIBhATR Pl Bt apptoces on the
membrape rtlualstrfnmrmﬂ rveet st asmlauam evlsdreilnl the mimlmmh amouiheof methanol in
water m"}’ﬁg tsgl%h ‘i’cy c?r%%ctzthe %%l?%&fz% F:é Egrnoglrs%}ﬁli? ch a? l?a%{ ]58%“’4) less, in some

essant gl
embodiments idonts T&smhaﬂﬂfeanﬁmrsmﬁb&ﬂ dﬂiﬁiﬁhanoamﬂi)iw&tﬁr in a reference
. _condi tions as d rane in air. The microporous
solution 3 10 FERERet a5 RTECAEA RAHELS PRURHEHont Reah NG UGG modified

porous BBmbAERSufEsfdre Qtabl\é saBh BAUSPREHAKIIBF SRS ESMPBbETiONRVhchanged
oregmnglasna 30 conprising a noble gas or .a noble gas with a

ally the BmepfgdR orrirre feib dp ReTE Yepiassif & mpsectaynalpeed under

ambientRloAaR NI RS b fdk-¢ theMtT LR 34 STREREBPSroD & fh bt in&rdi&Rs of the
of at least 3 for 0.1 mcron or smaller particles in

inventiog qapdgluds syréecammendifiadby anatnespbeimpressvee mietopfsye plasma
compnsmg yn@ﬂe Gas Hgggm@%ag YOG B{ @:gyﬁgﬁf e a{rngsiphenc pressure

SSu m Cr owave treat
mICI'OWElVC plasrna modified microporous membrane has a sieving LRV of at least 3 for 0.1

micron or smaller particles in a liquid like water. In some versions the microporous polymeric

membrane is coating free before the atmospheric pressure microwave plasma treatment.
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WO 2007/ 126967 PCT/ US2007/ 007782 8 The surface of the
m cr oporous nenbrane can be nodified in a plasm that
W@ 207/1206pri se a source of oxygen. The non- dewetT/URZP07/007782
surface nodified nenbrane can have an oxygen to
carbon ratio that differs fromthe non-plasm treated
base m croporous nenbrane. In versions of the
conposition the OQC ratio of a nodified surface
characterjzes a nenbrane that 5 is honpgeneously
Thetspepreof he misrapsequsipemiisng cop be medifigdin Xl Gt 6pn
compnséVE b8 o6k yien, W&n-&é%tﬂﬂ%‘éﬁ%‘e@ﬁ@diﬂ%d et e ¢dh have an
water in the first solution To contact wet the porous
oxygen tewathomtatip shatdififers Srom theosoncplasma frgated bage microperanpagmbrane. In
versions ff A&t dit 1 @% éﬁ/@: &tiF %ft‘g;rﬁc%lﬁﬁed S@ride @iy ng%t@fzeg g P{e?n%rane that
wets an untre ample o e porous nenbrane. |n
is homogspgeushe pettable, bheontatt whitable withta st sdletion 6f MeQHbioWwater, where
. .the nmodifi RQI.QUS surfaces ca e
the minifplfy BB SHAEOH BREAELR BE B 205088 o BoRRalPdhyfporous
membrafie RGt leasnbwtio léstBari thesmifnnArasaming of Me(]tmicﬂi mﬂa"r(bms reference
c_menbr ane ree before t

solution S AEt W ES 3P ACBGPE HOPIVEIEE BT RUREIeTTals b iomg Ygfsions the

of the maermoaﬁﬂa OJCTafib SF fHE Bodifidl 68 cpofbiédREmbrale surfaces can be between
sph erlé:ggressure m crowave plasma nodifie

about OQG@PQ@B?%‘) of FenpeftapiBi0do ahph GB% r16&§mﬁé’f%°rl‘a*ﬁé§e microporous

polymerhﬁﬁﬂ@m%%@ & €o :itii&%‘éé’ﬁ%re&h@ H‘?ﬁos@ﬁgné pred&irt ‘hﬁcﬁ{wave plasma
hol ogy t hat Is wettable wth a first solution

treatme"éiwl agIRa CW@FIDWEQQ{@WW -mum anmount of McOH in
water in the first solution to contact wet the porous

’I'Hé'ﬁﬁ'h@ﬁ}ﬁleh*é p@ésshﬁﬁ%crb%% pi8Sifa Hb'ﬂi‘ﬁé@ﬁnfd@e{b) B¥ e polymenc

anount in water in a reference solution that

| micropommvbws%hw wrtape finetiona) gxppns Al stipstyse ppmerphology that is

wettable P4 ?i?ﬁ'som%eof{]\ﬁgoﬂgxhtv@‘ﬁéﬂ Wh\éré)tfheltlﬂﬂ Ua[r{;?.ﬁ'ﬁ 3{ MEOH in

essenti al |l unchange IS essent ter
water in tige first mintaom toyeontFteve) Iﬂasmommembe@nqolclay teast kwidpless than the

- minimur dhfbit BPRRIGH $n WAL 36 H¥eflicnct ?ﬂuﬁﬁl\gﬁlﬁa& ‘cBiatt G 0s Bl Yhtreated

he conpaositron remalns

-sample afahd pmbum megxdsran@ mlmm ﬂregvéttalpuhtg of Thesesurfacysds esssntially

et S eric reSS crowave. pl asma .
anchanglh i ipentdlly idb R oFh BO BF PRpRRSRa P pore R agiied potymeric
porous nikrabiah® kiuifeues ate pai-dswetial splpthatitheSdogyposfliopadkinaliis@vet with liquid

retention. In.so versions the n]CfOpOfOUS menbr ane

after conftagting £25 cPRIANIRG BABd- ore | ayers 25 which can have

pores that have the sane or different size in the
Tmmmu@draysemembﬂﬁﬁ thad is aopesphesc pribire mCﬁaﬁh\A&@mn& modified

ss, and chem cal ance sujtabl e, it
can be aisiHel A5G h0es SPS Sk AIEPUIA A RE: ThenBPRifs S mgagtiole
retentlort hiarsoattortrsidfs theahRAGpdrbisiiembfin® @R c¥RIpFis€NGn<OSr mbRdayers
ssure .mcrowave pl asma

. vention the at heri c
which c3ifvePaEeShEr Iéﬁ}’&r{g% Kt A fiivEent ize iR SV anals é%ar%*g e
mlcropoﬂfus&ﬁeﬂ]&%ﬁé cén hove Hthicliess S HenSBR! b 5taRSd SiabRSfol fts Sntended
iquid; in some 30 versions it can have a sieving LRV

use, in S%mea(FrSP%%e epghrage Foess thabrbasit 39maicrans thigkt g pege versions of
the invefidd @Y 'agnosﬂlﬁrlétp'réésu@txﬁﬁ‘:%\y@e%lgﬁﬁa mglﬁ@ﬂhfdr?gog?us membrane

M Cr opor ous nbr ane can have a Sl evi ng LRV
can have @8igying3LRYr om(i@sﬁﬁ dpot 1 snicemedr smaljsa particlesgnjadiqaid; in some

versions 1{ (%' lgaVe a sieving LRV of at least 3 for 0.05 micron or smaller particles in a liquid;
in still other versions the modified microporous membrane can have a sieving LRV of at least

3 for 0.03 micron or smaller particles in a liquid.
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WO 2007/ 126967 PCT/ US2007/ 007782 9 The conditions of

power, tenperature, gas type and gas flow, plasma
walengitteps7 and plasma treatnent tinme functi onaPCw®ES2007/007782

surfaces of the porous nenbreane and form a contact

wet t abl e porous nmenbrane that is non-dewetting

follow ng contact with a gas containing liquid, and

that substantially nmaintains the strength properties

f the untreated nmenbrane. Theses 5 atnpspheric
ﬁ'ﬂeegogmtzé)%og POWSTd PP ERRHIC sTRs LR BRsH{ v Rlgyrdensity, and

plasma G@dﬂi’l%ﬁﬂ%e FaYRioRaRid ﬁﬁﬂic@s bBthe pbordiRIBEMBRNR aRl (61828 tontact

80% or at |east 90% of the str engt h of the porous
wettableporpramemranedhiat ismen-dewelinhel pzzvnpﬁ eaniaptevith @ gavesndaining liquid,
and that%%ﬁ& ?Beg § mgucl‘(:l F%%%{ri%lf 2‘% : n‘g’? g‘ne ca gnﬁgg e‘lﬁ)n var | ous Theses
atmosphgriciprésegrei mmkmdavﬁgplfasrha ews'andodllﬁqd pdrcms ntmahmaes IBve a strength is

Si f e inyent d S BLAoGr nDdl

at least ?’(ﬁ% ﬁp F:a& O?r a(g Xeeasé ?(9’? € itrené}x ot the goacfus glg.ng Wwithout the
atmosplmﬂb |pméseure1ih&m®amlﬁﬂmn nmolﬁlﬁxrd aefdche ThesteSatﬁfosﬁlﬁefﬂa:Splﬁsfma modified

cont act rous nmenbrane, .in s tances. a
mlcmpoa?]lésorg?xgb ag;g eﬁlé% }rh]z]agm%a{twl%s lélg@ge%#éﬁ?rﬁ Fﬂg ?1qu{cll membranes.

atmospheric pressure mcrowave plasma and treating a

Que fas®naff thé 'mvpntiomlss amethod od nwdcﬁfylmg]ﬁlepiya;ﬁﬁﬁcity dhene or more
st G581 S0P RS IEPRAPIS UL B35 B4 5 2255 Rpups  porons
membrma,r lhaom inétanagianameoatad 6omehheaﬁmmﬁé1&vm atgbﬁ&ﬂﬂaﬂih% atmospheric

" faces ﬁl t he Eorous . qgﬁo{aane i nter t and ﬁ-ﬁ 1

p ess“fer‘é‘éfé?ww G W2FTHE 2P HEARDS "rﬁ‘é‘ 3G9 U LB PPYIGHS Hre® é“‘b?"&? ° plasma.

The treatéd lbbrbﬁ@nﬂﬂfwme SUTRiEE hadyEin6laié hod&s fivfils, poreliifriotd) pdfion of the
wetta I|t¥ of the article is increased such: t hat -

pores, opigs sWdacss o mezhyaRn and sopmbinationt of these- akbe swigacss pEgHerous .

membra?iE u‘ﬂ&‘%@&ﬁl St 1e§09 1t e JIRGHATETRL Bii&G abifor\Of the @%Hﬁe\grth the porous
bel ow about 70% of the strength of the uncoa por ous

- membragg gpRiiHes umHbthercoatarh wettebifity ofttha artiole is inotsasady suad that the porous

membraﬂ@‘i@ﬁoci‘?de n%tll‘l aﬁﬁ He élt% lp&sav%(' sgtel%@r n}a ecﬁ{thggme‘]?ﬁane isnot -

porous ne elsam ro or ou ane an
reducedéleidw albatt 0% ef theatrisngtheof] mhfr mmatrdoromemenabrae. The treatment can

roporous nenbrane. The m croporous
occurm%%%%ﬁgu%% Egsve a sieving LRV of at least 3 for 0.1

mcron or smaller particles in a liquid; can have a
ki sevieripripns of thgtinyesdion the penoud n@Ebirimy sre wicreprapiemembrane and

in still i 53&%&% otir'lg Béﬁjéfsqyérgbrang gl Q@ ugcd%ke%vﬁlgl? eécm{u? Ineﬂ}brane The

mcron or sna
micropdrpepdmbTdne c26 hawe e sievorg Iﬂlvrafmﬂ@as3 fertht arieronant smaller particles

ina hqu‘fc? Y 9&: g sg@k %?{f@%%ﬁ atplgli n‘gotgf {) 03 mEircT:J[r)oondorns?rrlnEI er g;.mtcli"ees in a liquid;

Hv en I'on can € a Cco n-conprisin
can havh alsmgﬁrmw ofpal lgadt&f fon 0103 anicpmr msmﬂnmplaarwema\aj litgmidnThe

of at |eas 3for01mcro or saab,rl articles
porous qiTHigSRerous MGG B FOMBGP B LIRRRaEH BoBR SuF o
surfaces wwth an O Cratio of greater t han about
Bmb6dintemicoali tive i wentibntche 1mﬂuduﬁcmpﬂmtanec<ﬁhmsiﬁglhaﬁto genated

tt.able after 0 Iutlon of
potyolef§E oot sbtm Gt berine an it LAY Bt f ittt phgatir
pamcleﬁfnt\editeﬂ thOmbdified meMdidiRMas ohe dr hRIPQirfices il and®/Miiatio of greater
er for_about 40 m nutes. I n sone versions

than abe 8.8, eé]‘EBﬂ‘i}Ef&“f% frhe PREOUR JpsferAnt 8¢ GoaFarbettaeagter 10 or more
days wifhod 1€lidrbds 9O KBS INEST MMOHSh @i erOdnd! iB fon-dewetting after autoclave

treatment at a temperature of about 135 °C in water for about 40 minutes. In some versions of
the composition, the halogenated polyolefin is polytetrafluoroethylene. Versions of the

composition can be a microporous membrane that has a web direction strength(WD) and a
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conposition can be a m croporous nenbrane that has a

web direction strength(\WD) and a WD 2007/ 126967
wEON/WsRe07/ 007782 10 (nmachi ne direction strepgt/by20MD2007782

of at least 12 Newt ons whenithe nenbrane has a

t hi ckness about 30 microns or less. In sone

enbodi nents the m croporous nenbrane i s contact

wettable wth a solution of 94 wt% or |ess of MeCH in

wat er and i s non-dewetti ngzlafter aut ocl ave treat ment

(maching dirgctiemyesngth) MDJH aj bengt 12 Nswionsivhga e mespbrape hes a thickness
about 3(mn'iBiBﬁ§or l%ssTrlﬁ%gn&%l?&ﬁm\éﬁfs ttﬁ@hl@crﬁb&'bﬁp ﬁfeﬁﬂﬁ'ane is conaact wettable

nmbranes can have one or nore regions or |ayers
with a SMQVen PEL4 witHeor lagsorfiMeOWl inprateand isinon-deyieiting affgrautoclave
teatmer 8 FL L e SRR MR SR e a0 Wiiee,
surface ranges from about 0.06 to about 0.08. The
Bhase gerfactiwettablpmiaropotebsincanuarescahdiavie dh¢ proiorqiragions or layers
and havé }diP ﬁl%ﬂ%gabﬁt 2’6@@’%’% for CxtPlcbIBiohl %al&&ﬂg 881%}”2{&1 ﬁ,?d Sodium. In
source o I'n sone versions
some entbodjyments rhheaﬁlC rater of thapoorus mmﬁt:h‘la"agasunﬁmsrengﬁsrﬂma iabpatr0.06 to
aboutog. ffers fromair. The non-dewetting surface nodified
T ous nmenbrane can have an oxygen to carbon ratio
that differs fromthe non-plasnma treated base porous
Tendwrface of the poross mambodnetdae beangdified irom aﬂmaasﬁhé}icr aii¢rowave
lasma t?lﬁt ann&dl fris%da Ssour | a [6).4 Char aﬁtl?r(l)l%le%eas (P S & SO, rfbox €n in an
P i Rogeneots]y wet vanl é 87 contact PoLPEiE
inert gasabit xtobzhe g& \sbbsa:tdompoeftlduxﬁﬂersrfrdmtaet , Thehemeddviratting murface modified

in the.s ion to ont act
porous figRbTng Hup Pav ot it ip cribondaio et St fbm &¥ R Plases treated
base pordul iBaiBrafe Umtveﬁétoﬂé‘:‘&'thb Rompasi€ibn itiie @/C edthy éMCModified surface
sol ution that cont ts an untreat ed sanpl e of

cha:facteﬁlgp%a gow Q@ngq)tbsflpé wteﬁé lspr captact wettaqse with a

.solutwn‘ JTWEROHAR vdier, Qh@ré t@t’é'rﬁ’inﬁﬁu&%dﬂ?ﬂ o MO Ydfer in the solution to

menbrane surfaces -can-. be -bet ween about 0.04 and about
contact web@equqsam@%a? ipatgeast d waldgss thamthexginipgm amount of MeOH in

'water in?H 1&?&9&%" dotutfynSh o%(t)%@t W’e@é’\ﬁm\/ ti%la?e?lwgfé ijﬁlef@:r%@ membrane. In -

fired surface ymeri c por ous ranes
some versigns hawé ﬂmm/am@rf t@n@/ﬁbﬁab o@ ttwpgdxé‘wd poreusonembrape surfaces can
0 r.ef cont act

be berlT8h RUR64,ahfiaboucty YEbE RBICanARY oB'G BoAY.Us LD E

m ni num anpunt of I\/le()—| in water in the soI utlhon to

Eematmesphesic pressuppmberswarablasme methed formsasedifigd satfaces) on the
polymetfCptely B Th A Tt ot Bt YBES sl ftetusg o orpholoay
that is V@g:arplleeamf preferalyy rcgu'gicmntga‘tamevitlaa csotameo i MeOH in water, where the
mmlmu}QFé;J{\]ange E\Xeé’l}il 51}1 gtgaZegr nl ({ %o‘%%%?n tﬂ co%? ?g}re't % ﬁ/orous membrane is at
least 1 wifdyisss tﬂihnetheahnnmpheamomproef%e@ﬁ xmwatcrvmwereﬁalrammolutmn that

ous nenbrane sur.faces. a
contact 1R oy e R AT o e DT BB py i PR 4 Betighitty of these
surfaceSNB ekschtigily Gnafahgéd @9 esentiflygasble afét B0 ox mgrd d#yd] The
0. The net hod can be used ¢t fo%y{% coatin e or

atm"SP"EB‘StPé%FSB’c‘?r‘B{%O‘%Yﬁ)? aFfag mofe EC RS ROR sprfaces are

non-dewWBtGhH ©ARhAHS tHB 6BmPD§iEioh ReAMAE wee Mﬂhqml@flﬁémmactm g gas
i nvention. The
containing liquid.

The method can be used to modify coating free or coated porous membranes. The
porous membranes can be microporous membranes in some versions of the invention. The

atmospheric pressure microwave plasma method in versions of the invention can be used to
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at nospheric pressure m crowave plasma nethod in
versions of the invention can be used to WO
wWQe@7n126067 PCT/ US2007/ 007782 11 nodify a porPOLIES2007/007782
menbrane that can include one or nore |ayers. For
exanpl e, the porous nenbrane can have a single |ayer
With pores or a distribution of pores that provide
sieving particle retention. In sone versions the
por ous nenbrane can conprises one or nDre | ayers
modify ypeions membranethgbeaninelide ong eE Mase layske K fpple, dh porous
membrafié Efn havd J‘ﬁn% rlé)%‘%vl{l'?% $ ot 4 ARstibuf ol FRREQUR af %@f&%?evmg
can have a thickness a hem cal resistance sultab
particle regentions Inspmedetsionsshe ppmtmn@mbr@ng pamgommsmmmore layers
d r
which cP Bl Ao ST Bl T o PRl IEE e
mlcropomlm themtiramiecc:am h@vcml thickareles ambeherhias] resivencasutable fog its intended
east .3 f

0.
use, in spHRE ARG e gAY AP SREbAOSR DR ikt “Th fippheri
pressurehfiteowave phasmg meMbdddandie ﬁs&dsﬁ nﬁ:dﬁﬁh‘d ﬁldiEpcm)ﬁﬁ fifenibiranes that have

. .S e article nato
asieving LR fhadtast afiond.  mBist & sl os e aHidld Bl dpignized o
purified paert&ﬂ €t havda BielingUIRV of hbRastoN£hirtol. (‘Iﬂlﬁncﬁ?ﬁn pPY¥@aller particles in a
nperature, . gas t\y and gas flow, plasma density and

liquid; Ofltl'lxlaé havg@alefvg]g {Ra S{e ﬁdgﬁﬁg APk O.&,Bég)gmneorrﬁr%q.lmglcles in a liquid.
pl asma treatnment method functionalizes surfaces of
TREcTHBNRIT poWke, teaperatursPFastapeartdg¥Eibw)pladiRa dBidi9tnd time

contact wettable, non dewettin and r
used fms‘ﬁ‘i’:‘) %'E‘%‘?ﬂ’?‘ﬁ‘?c BYAEYE H‘lﬁ‘i“"??é{ﬁéﬁ\i\e BFatpARt @F&’@ﬁ&%"lﬂ“a{‘ﬁ? surfaces

. of the mefibrRRY; @tk pokbudRERILAIR forhies By MdReiHaalié SothE@SPettable, non-

m crowave, plasma surface wod) fied_ porous nenbr anes
dewetting, gad getain @ fybyiantinh PoTtonAT aIRELY svﬁngtbmﬁ tReyRirestad

membraﬂE lfasd atﬁxgs(fbhe?f ﬂr@ssﬁfé"ﬁ‘icro%ﬁ{' %ﬁ%a%ﬁrﬁ@@ﬁbdﬁ%@ﬁous

he strength o por.ous nmenbrane Wt hout the
membraacmb@mmﬁttmgﬂr @@fslﬁﬂé Ieam W%ewamaons yarsianniaidedst 89%, or in other :
I o/ 1 | 0,
version :ﬂ léﬁf ggé J}tqhée gt?éryém 85?1 al%tr@l?sntgrgxglt‘ﬁﬁatfntg o?l aQ l(t)l{lje éﬂ%g)gplgnc pressure
mlcrowaw pagez nfoai:ﬁemsumfanmt’léhe foembbaetis 46n-deweatting. follbwires A0oclave

neatmor (T3 SERBYAr bR 128 L' RO B0 TR PE B s Those

atmospheeicipiasnesmodifederhiaidnembtanea tan beusdria varivesrimtizhes including
here pressure m crowave plasna can
ﬁ“msa$%%9ﬁ8 aﬁ%Tﬁgsphere that conprises a gas that
i nproves the contact wettability of the nenbrane. In
Fleemmethudad itreanths pohmisgasmbeaneiwid] theatraospherepresfure microwave

plasma %aéxy i%ﬁﬂlge >?‘? ogg)l'\%fet %eés Ilﬁgfi?e% Q:Sggg ?ll)'lag ?I%ngvgs E%eclcqr}tgcg}évettablhty of

‘the menfbahne) Nin Vine @nisaliRientthe panéan inelude ‘M%Gm&etolfexpgas Nk some

. _gas conposition differs fromair., The source . .
versiongJs SEYTER 25 BRI RS JLA TS AT 1B6 St ho I exblie helium, or
a combififixatloNMBBisSwhEre thYESa $ay E@lﬂp@ﬁﬁon laErfes o MRaLIAES ThE §burce of

as water vapor, an al cohol gen gas, or a
oxygen GaHbE ABY PEYESICORRUNEE CPRPSBRG. 1n50mas GRROGHSTEE 0FYE#m source can
be compOMEE BudhSasA ter \\éﬁ'.;o?' AacHort &?ygeﬂ 588 tdr QAtomtihatélsh of these. In some
porous menbranes 30 APMVtreated with such gases to
verstonsf e spwisd iof iourgeros @u’s VYaraiona € thetingentionyaclnde pexaug membranes
APMW %%Ellﬁﬁe il B ANLL {VORRTRAN AT FBr il HEthERAL SR RARY Hfifoved
contact wettablhty compared to an untreated membrane sample as measured with different

MeOH and water solutions; in some versions the APMW plasma treated membranes can be

contact wet with a solution of MeOH in water, where the minimum amount of MeOH in water
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MeOH and water solutions; in sone versions the APMV
pl asma treated nenbranes can be contact wet with a
wa@odoatizedn7 of MeOH in water, where the m ni num BODURL00D607782

MeOH in water WD 2007/ 1269672 PCT/ US2007/ 007782 12 in

the solution to contact wet the porous nenbrane is at
least 1 M% Il ess, and in sone enbodi nents at | east
Awm % | ess, than the m ni num amount of MeOH in water in

a reference solution that contact wets an unt r eat ed

in the solytigs to contachwepihe PQEOUsaRERbIBS isrHdeast d Wot lesn and, in gompe
embodifi@iP &I REstlARUARES tRn Sk %Hﬁxrﬁﬁm%{&inﬂ af Mh@ﬂﬁﬁ%&‘i‘% h feference

pressure 5 mcrowave plasnma nodified porous nenbrane
solution {hati¢optast wetsmpruntsaieg spmgle dighe prrows Meetprane ot

limted to webs, nets, core, cage, end caps or any ‘

16&‘ mbﬁ‘ﬁﬁ'cgﬂ ﬁﬁfthér QSﬁ%ﬂsé thel RSB NVAPs VDol ng%@ §tmc§sgﬁ£hc pressure

[ters. rane can be further dif
mlcrowatvmol@ama mbd}:ﬂeéamrmgﬁ mhmbmsuvvlitfeqnmmmmmmth fgh@cample but not
ORLL. O t
limited t@%’s, {\/}véet%’s‘{b%drcgg%%glg cﬁPi&g%ﬁogw&%% na £5¢ h%jfo%rﬂx various articles
such as filterse Tht@ne‘kdbxane agebel ﬁjrsb,er mdsﬁeﬁﬂsy tfe achef plleem@ﬂle modified
ti a_.sur

membral? Wit orR s atre BB pp G A SO RENE in BET Y g areinage
layers, opbomiﬁatless of theetit the loss of fibrils or other

particle sieving structures conpared to the untreated

RSB S ot P TR Enf P Y B porons

membrané w1th‘1m1hrase11 wettdhi Byeins miplt@mgltdmmﬁi?v@ﬂng prdperties w1thout the loss
ot s 1 G0 SRR E1E 55pnEh BFRAE fi bl B, e
atmosphitit plgheimhidrowatdimolifRdposbusi mempame lﬂﬁatéﬁﬂb hédietainad majority of

at nospheric sstires, .Advant ageoéust y- tﬂ, at rms tienc
the base %ggé qutrggﬁtgx qqa(p[artﬁ %Eﬁerﬁwgp%ﬁﬁr ngl?eﬁte , the treatment

results i 8h %ﬁfﬁleﬁfanﬂ RebldWeRivity {BRMeRBuITRE EniGIaRSsk Bgt}fer;ﬁ)?ous membrane
For exanpl e, the atnosphéiic pressure mcrowave

ataﬁnosﬁhﬁ%ﬁ’rﬁrqsf"gﬁ% ment can form a non-dewetting porous
menbrane w t hout a 20 perfl uorocarbon copol yner

AQVRRSIOLAN tRY attid3BherROprREk GO Blaking rﬁamﬁs@gslroug A€mbrane in

"y

. menbrane surfaces non-dewettin contact wettable
versionsqfifhe fiventien grebg made fogingfice I?ﬂra?s%mﬂ% #EnsPRTic pressure
mxcrowi@'mﬁﬁﬂ§§eétﬁle\4?&§i Rfm aorﬁorLB@wetBE;g;gSFHus 9%&6{& pe

used in cont i nuous process to ilicall

perfluorgeasher comémbc@npmm aneiber bmtndhméns tﬁb@pém thg Irrlleynbrane
surfacestrl%% QAR %ﬁﬁé]%xﬁa&swétﬁgbémt reated porous nenbrane. 25

Because t process can be run at atnospheric pressure
vacuum punps are not used which decreases process
Afrpespharc BE@F‘HP MHEroYePlassplapaieren effmembanss B yaspigns of the
t i?n"v@ h {AEEEQ} ¥
presen fhtl Aot can l?{lltls%g HH %Egg i gi}{?ﬁgesg ﬁi 0 %ﬁe %ﬂ)lpgmc% n2§ ab e wettable
membranss thet haysswdistantidiy Getshpestikegthis tl@umt@emammmbrane
t I
Because\é[)i:itg ﬁagtgéteg %Ql?ec%gx %g{r}r}]@ﬁh&% 8gésgx¥¥e g‘&é&gﬁlgﬁn% a??ggcqlsed which
decrease}sqmams tipregrndl apekating cnbstsmdmpamd witBGFacwurh @ilasmagreatment of porous
ents ar e no surfa

membra.Bg ulglc%%} lp’ﬁpyg?‘i F%}ﬁp gleicl i)%(s'ﬁeg coatmg on %13 poroushr%embrane is not

used to directly make the porous membranes wettable, the potential for flow loss and or added
extractables can be minimized or avoided. Similarly, because organic liquids and ionic
containing reagents are not used to modify the surface of the porous membrane in version of the

present invention, the porous membranes and methods to make them avoid contaminants like
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present invention, the porous nenbranes and nethods to

make them avoi d contam nants |i ke WO 2007/ 126967
w8207/ 007782 13 sodi um and ot her netal PONES208%007782

wel | as extensive flushing, 18irying, and di sposal of

menbrane nodifying solvents or reagents. DESCRI PTI ON

5 Before the present conpositions and nethods are

described, it is to be understood that this invention

IS, not I|n1ted to the particul ar nol ecul es,

sodium wkRibey Mpighionsngs Vel as @g}%%veoﬂusfms)tdémgsmub@éms%@f membrane
]nodﬂyuﬁ%ghnéﬁgopﬁ¥'&ﬂgy It is also to be understood that
e term nol 6gy used in the description is for the
pur pose of describing the particular version or
versions only, and is Dﬁ@ﬁ! X dtolimt the scope
of the present invention which will be limted only by
the i o appended clainms. |t nmust al so be noted that

as
Hefers the PRISANLARIMBASItONG 286 msthras a5e desppibed ibisdp r‘i’&d‘P‘ﬂﬁfStOOd that
this mvefnﬁf)fﬁs not%mltecﬁfb the ﬁﬂﬁilcufap Sholédiids 86mPbitfidhs, E:?Jtﬁ‘&ﬁ;‘i‘éﬁes or
unl ess the context clearly dictafes otherw se. Thus, ]
protocols descaibaipisetheseanay savelttinalso tbe andsrstogd thet hectsrminolpgy used in

the d DF: by BleQRLS i
he desclifordls (PR JRPOR, RUs by MeT S i abn of 00Dk Buly, and s
not mtermkﬁ ¢o hmls&e sabipe oftbh presant ianehtion whichnwillfiedimiedenly dedhe
have the sane-neani ngs as commonly under st ood
appmuwg%ﬁﬁhg of ordinary skill in the art. Although any
nethods and materials simlar or equivalent to those
It albebe hetedithatgamséxbhersimdindrintthe appeaded ckiros, the singular forms
a", "an ’fﬁ gll‘:i& :"{lllg“ cll}(c?ééélhpzﬂ ?efgiengzg ﬁn]{g%setzlgr&g{e%[ 8@51119 Hicéﬁt@seotherwme Thus,
for exampde¢, e’cfead;r&eao aé'pnmﬂl lm&s&fenebeedto diid orpabiei ;!mes ankequivalents thereof

i herein, ar rat e er enc .
IR R T —
scientifi¢ l’minstdsed hél‘eﬁﬂhamhe samh@ineamings be dorhﬁloﬁhm} etiirgosdibone of

ue of.. prior 1n tion. Versions of

lo Vi r
Ordmarytsll’fi‘? % thopgh gy met §F g mas P‘i"&‘h‘f&’r‘&ﬂ‘é‘ﬁ%‘eﬂt to those

describeWh@fcin Qe bO LséWinGhe §t&f1§§&5te§tfiné Bﬁvéfﬁi@hé Bﬂﬁlerﬁys%nbﬁ@@ntlon the
nmodi fi ed by an atnDspherlsgfressure M cr owa

non-limifing examplesof masthpdin devigss Bl matRIaly %rﬁ]n@“h%ssgb?ﬂatﬁéhpubhcatwns

mentxon@d’hé‘&ir?éﬂeﬁn@d%ﬁ@ra?&l eréBhce NBHiR hE&:u?@ to be construed as an
| ytetrafl uoroethyl’ene or a nodi

po
admissigipthgt dedayeniiondenpiensited topetedase @u@h é@plyoﬁ*erueubo' virtue of prior
inventiofENMbr ane can be an uncoated porous nenbrane and in

sone versions a mcroporous nenbrane. |In sone

versions the porous pol yneric nmenbrane of the

Yervient poHe ippentignipeiyfe piperouspedgueEc mearsiRe wherappppr more

surfacesRIf Meﬁﬂ%w&v@r@ﬂbﬂ LR RN A0 héfic Eﬁ%\é&ﬁ"@ nliowave (APMW)

carbon 30 ratio that differs fromthe uhtreated

plasma. feheynembranedaphesorde fegm adizhngensted ol yaleft Siohatsibyt pét limited to

pveif 3R TR AR SUSLARERL SuELAER hcpidd i
membrage cdmbe ampuédatetipgronomembearisr andanisameavessiohag microporous

rnembraﬁérUCt ure such that the

In some versions the porous polymeric membrane of the invention, the atmospheric
pressure microwave (APMW) plasma surface modified membrane has an oxygen to carbon
ratio that differs from the untreated membrane and in some embodiments has an O/C ratio of
the porous membrane surface is between 0.06 and 0.08. The atmospheric pressure microwave

(APMW) plasma surface modified porous membrane has a surface structure such that the
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WO 2007/ 126967 PCT/ US2007/ 007782 14 m ni mrum anmount of
met hanol in water in a solution to contact wet the
WO e@atiedepor ous nenbrane is at |east | wt % | eBST/URENT/007782

t he m ni rum anount of nethamel in water in a reference

solution to contact wet an untreated sanpl e of

(non- APMV pl asma treat ed) porous nenbrane; in sone

versions the mni num anount of nethanol in water in a

solution to contact wet the s treated porous nenbrane
minimuinganagunt ef stethpnoddn watst inasplutien tg eaniaphvaiimireased porous
membrallg iﬂ? qé)Ast h Qvt%i{e% tha!n%@nﬁﬁtrﬁfn? %%uﬁfé)fﬂlhfﬂgnél(%n %Pa@érqga eference

we he 'untreated porous nenbrane. |n sone verslons K
solutionttd eontaciweeitanomttdatedARiviglpd Xnon- APNAY edasotr inemedypobrsneembrane;

in some v greiERAPE PR st of HePanSl B vt R TR Rt odputaghyet the
treated porodsh@embrane i af eastpvaSslesthan eicomavitui\BMAint of methanol in water

. | asma- surface nodified to porous nenbrane can have a
in a refelop SOBNOR { EPRAE Weldhe RHERIRROTOPS IRt AR B YgFsions of the
inventioB@hdAPMEW Bl¥sma tiehied ipofdtsthérbraft igidhaswetiap dftepdiRbclave

m xture having_96% or. | ess by wt of nethanol. In sone

o Qr. Yy
treatmenfaf a tespRerefige pf b33 efd yyrisH OrANRIBHES i s cont act
wettable after 10 days with a solution of 96 w % of

Vieksidas of tHaatitidkflieric iftessRey Bitsowahd( APRIW Rplab@adurface modified
| uori ngted material, halo

er epated.  polyol efin, or
porous BERbrang Gam BEVS # SHFLATeSIHR NG SO FSaT AP JHR I EDFERIGAS AR be wetted by
a first sd16§6H SCmeMunbdhdak oS R LI Chavii£S694! 6 184sHyONBYBnethanol. In some

. '"plasma can be a single |layer nmenbrane having pore
Verswn%qleﬁ gsatsd parepsappmBIAne dhcirags syeitableaftar  rdayp withi agelution of 96
wt% of fefbhDBinRR4tkt. CTRe p&oRE eRibradd e Ea PEHRIOANASE Raterial, halogenated
. treated porous nenhbrane conprises a plurality of
polyolefim,ps othefiePEiPopidiPs. por es t hat have the sane size in the

various layers or in still other versions the porous

TR BIEp S FRTREMBRR FePlelt b the ¥itnRdsphadEpresWit Rlicrowave
have pores”that have 20 different sizes in the various

© ‘plasma ¢apvhe assingledaysivirgmbrae baving peupsizeser adistsibation hAporg size that

provide %%?ﬁg%glagyetgﬁtl% tneI%Zﬁe A%W?BT HTe]tréytteEd’ eg(%}ggg m%%%zln%rcomprises a

S In water. ol asma

- pluralitypfapqre mdush havriraeethatidvedhe sanosizame the egious fayers or in still other

. [ I 0 er i1lion to
versmn% t§¥ %&?(Otu% glg?rggﬁég‘le ic%?] g?ﬁlplg%sga aﬁ%@%}t’ §§ Paa/elfox&uﬁﬂ'\gve 60&9 lhat have
differenbsieesningh¢ vaxdusdayersriThd ABMMI tngitedomiaroponoas chesilanerhas a sieving

L ot ek SRR BR8N B S Y Bl Beara
micropdrél mesibeanel tay &igSortaot theréaegions belgeR dahaiave fesathah@@9tparts per
biltion ({31 peleifialriP R G emP AP AdDE Bed CHBR TR dreluding

calciumla@@%odiuhkgn 30 m crons thick. In sone versions the APMV
pl asma treated m croporous nenbrane having one or

re regi.ons l.ayers c nA%\\//I has avvebcfirection

By SomgtaT e oLl Voo s ARMYY plomagreated iaifgetpras Bembrane
having e dreacie régiohle vt BiRSrswWaRhat 18 siremith AN i asledst 70VCEMBS Strength of

30 c[n crons or less,. WD 2007/.126967 PCT/ US2007/ Q07782
the untreated porous membrane and in some versions the microporous membrane can be less
than 30 microns thick. In some versions the APMW plasma treated microporous membrane
having one or more regions or layers can have has a web direction strength(WD) and a machine
direction strength MD of at least 12 Newtons when the membrane has a thickness 30 microns

or less.
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15 One version of the invention is a nethod of
treating a porous article, for exanple a porous or
wor@raposous nenbrane to nodify the | yophili cipgr/of200m@7782
or nore surfaces thereof, ke nmethod conprising the
steps of contacting the porous article with an
at nospheric pressure mcrowave plasma containing a
gas and treating a surface of the porous article with
t he plasma. s, The porous nenbrane can be a coated or
Qre yersioaaddhpBveRdonismathed ofiikeating 8 pSrqus|ajtinle. for example a
porous m&&f&oué"tﬁbﬁ&rﬂeig RS Sy SPHGRPS O3tR e%ﬂﬁﬁces thereof,
treated by the method can have a strength that is at
the meth%h@mmg)ﬁwtsms of centgeting thetpagoumartielgtveith po pipagspheric pressure
e .
mlcrowgﬁéhg%gf 8%%53&3%@%%%@ a’c\g&ﬁlél'g%nsﬁ 6P hl%zﬂ;?%%slr %ﬁé@%}{lth the plasma.
The porbus/mesibcane daa\be ahamteal avap wicoeetiporowtmenbtané\WD) and a
machi ne direction 10 strength MD of at |east 12
I s%%ﬁné m@ﬁ@&r?en %vh*félf' alfo Myh?(i(eg E%itcirog)%rcms%&ﬂﬁranes, treated
ess or'ous or ni cropor ous rane can
by the mmhcpﬂ caﬂaaa/ehadtmggthmmﬁs;aoleﬁsﬂ m% f thastsagth ofthe shtwesed porous

o B 20l A B LR LR i o
more rebiofs B Riyopahaalavphhyavicbaliretibi stten (WD and Q&iacﬂgle direction

free before at nospher.i c essure m crowav
strengety YEEo 7t s 12 NEWAOT HOSH isr B Brue L5 & P EHag0 Gucions orLess.

pl asma treat ment net hod can be used to, treat porous
Teaporang sr sikrbpareus elcaatirene Earocompmdesy hilogenates] padpslefin. In some

versions fhe Hrahbraan B sz A b Ran REpFomengr Bretlthed ke

polytetrhﬂﬁciﬁ:ﬂﬁhlylknby G SqHhé besiorthe ¥@Bpbicts pBBMmdritemeinbtmeicas be

menbr ane suyfaces. The treatpent serves to
ACOatmg %SB%F?P‘? He atpposih °r¥§ei§PEf‘p%‘1“trP‘éf§"%Pg§’ﬁ‘é trsgiety.

article. I'n sone versions of the invention the
TH& SiRsphaic pessiive fieroplags @svasmdtbean:henmétﬁua cHE B st treat

: ontln d un e contact wettability of the
porous pEElFES SHE i?étqu’g‘i"ﬁd}"é%éi&”%dwr? G RaPartiang ighe pores,

 outer suPREQUSE tHB Mﬁné nday d6MBlldtidgs BPthet bR ﬁh&@nﬁhhmo% hydrophilic

.. average strea%th of the nmenbrane is.not reduced bel ow ™.
or lyoplvb%@n theyanize %mmu&fnmanmw&meéd Thedrestimenisanica fremodify the
dewettu%px%?gﬁu% %'i'ﬁ{eoﬂb?o@g artiBfe. MRiH 'vemgnss(’fkr th@§fveRtioh Bfe interaction of
ane is nodified in an APMNV asma conpri si ng
the plasmagwith e pyfrom(lyg@hrarfﬁne ceptinued ugtil d)eycg)gtacc wisttplility of the treated
membra%% n%&tr?g%f%{n prglviﬁ%]tecfle tr\é?tréﬁ gbrcﬂﬂvrg%{é?%gllg is ?&{ ﬁe»%m?ﬁ%gd the strength
or averagh strepgth ofthecmambraess aochedheedfagdowi W% bfithe sirengthamidhe untreated
' |y, contains one or nore noble or inert gases.
porous 'Eﬁ%g‘%% pl asma treatnment of the menbrane can be
performed in a continuous process froma spool of
Ioromesvarsions phtheghetbod, tBO sTifaccAENDY pleadmand iseaedified in an APMW
e QN8 O I
plasma %1{181;{%16 @?él%gg)ﬁ %ggg L ’g}g{ gogxq? ox ga canrrB gele&eg om T water
vapor, ana@mhoda,nmir,oarpmy@bnﬂmyatmﬂf ithedel dn sbimelveﬂsﬁonstdf th@trm}md the
ration.cartr . In sone versions of the
plasma c?ﬂ}gﬂ%es &H’Ob 895 P’eg'?’SHV?‘Fé‘r?BF étn Y SRS REF opPore noble or inert
gases. PROAPMAWIAZsriikeddnen0éf e hi&dbrane can be performed in a continuous

process from a spool of porous material sheet.

The APMW plasma treated porous membrane can be bonded to one or more supports.
The supports can be selected from webs, nets, core, cage, end caps or any combination thereof

to form a filtration cartridge. In some versions of the invention, the treated membrane is further
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16 nodified by the act of pleating the treated
menbrane with one or nore supports. Supports for the
w@b@atiezeénenbr ane can be sel ected fromnets, WedBUS2007/007782

drai nage | ayers, or any conmbénati ons thereof.

Versions of the invention can include polyneric porous
menbr ane conpositions and s nethod for nmaking them

that conprise one or nore atnospheric pressure

m crowave plasma  nodified surfaces on the nmenbrane.

modifiedpbpribg et of @lqmaes thereeaird FeRRYRN\VER RBC OF BRFHEMPOFS. Supports for
I | gl&s I
the pleafvg\:gtr{?‘gfg‘)e 4 %rﬂﬂ@ %g%lﬁfﬁdl ¥6; gé?st Wb cﬁaﬁ\?\%&% lg?éﬁv\h&omer e%blnatlons
thereof.m ni num anount of MeCH in mater in the solution to
contact wet the porous nmenbrane is less than the
Vﬁﬁidﬂé 0 A0t R MaPhkiule p@fﬁx‘ie rbo?oxfsotﬁEﬁw.th%%H{ﬂoQHlons and
at- 10 contact wets an un dat ed sanpl e of the porous
method femibelking theTih e comppes Pu¢ onmotarmmispheriqpressutemicralyaee plasma

mocslSHAAL e L. B RABSIAR A0 0o o

porous m):mlbmrte&bfcﬁsdesanﬂemdﬁ toeaee tontgetportiobk: wigthrh selwtionaf MeOH in
water, w %ﬁ% Ij%ﬁ‘tg@orﬁg agl]éox}ng ?’ggﬁ%@qg rv»t'alétleexﬁg tﬂ-hrehsgﬁltl oocl'(l)%tact we(t:j the porous

zan | ncl
membrdnBas ke thaflthe ﬂn$mﬁ"tue¢) ameuntofVROH ﬁgwﬂ:ﬁﬁnﬂt ccmnfce solutlon that

surfaces of a 0 pol yneri c ne with
contact Riets 5\ STEsa o SABIPIA SR PYors Tem AL Laksr SoPodtigs can also
provide 3tdbRSWBRAYiBtyDFtSifionCo 'l $ubs@nflaSpdHibh bf theen§udafi¢sl] strength of the
menbr anei s contact wettable with a sol ution of

base mephrang: Spva iy Gerastableh areRen-dPHEting 2erays mpEmARyane gy gAmpinations
ofﬂuse%ﬁbﬁ&haﬁ of methanol and water that is used to contact
wet the untreated porous nenbrane. In sone versions

the nethod forns a nodified hal ogenated polyo|efin
phssperots meRbRaREMay be Rrepareh by &mmeiRed Bk eAryincipdg the acts or

steps ofT8hHcliRg ofd oxglﬁoﬂt sur/fa{@& B?Q Bbrdi’,l% pofferldhi¥@beine with a microwave
some versions the nodif por.ous: menbr ane. i s cont act

generategbplesip at ypreRswe 96 a'e@utcﬁﬁmeﬁpl%c\me%@rwmv a£3s phtilheporous
membrdn% rithet. vb&taﬁwuﬂ %rsahﬁgﬁnl Jﬂ?ﬁe\:/\tﬂﬂyfﬁ]l 1:ahﬁ %apé}rtﬁé‘tsc ]ptams lew?s methanol

rane is contact wett a solution o
than a s%u@pnIOé' setipinole@Hwater Wadtds psadriosontack eeisthomsiretied porous

membrarsrrxgz;:l Iu{ | sgﬁne%?erﬁggsv\}(h% = ﬁg%rér?s'\?e%%aﬁ%ﬁ h gtgggtleg H\éﬁjol?e rous

membranerthatdm soritha watibld with posobutforneifisrank methensitardess in water, in

sol uti o of .92 wt % or. ] es MeOH in
some vegohS einc i BofRs Mareles s Gmiter STBREGTR" ASRBRARET oS wt % or
less of M&O(E—Dﬁi\ﬂﬁttar,\i\ﬁk(br&b versidrishtha mdaiofied ﬂ)@'ﬁus)ﬁleﬁfbrmﬁe ¥ocotitact wettable

. | ess i n water. | ese enbodi nents, .
with a sg i U6 e AEDHTE YRS GhieTe Y REePABreTifipd porous
membra&Rlis tbitActOfethVd Withla MR oF 93k €Y, oﬂTB@ MEYY mpJv@t&ﬁ’&n some
treated _nenbranes with i nproved wettabijl

verswn%shetrﬂ?%l figd PATOYS DBRPIZRE Asqnyacs 3vettablyiwith ﬁéglé’BPE o 19% Tt % or less

MeOH R WRRE;lih 88me fvetdithsURt hertifed pEISRE aldthbrat r'érc@ntact wettable with a
non- demettlng as determned by contact with a

solutionc@f ALWhVneF IPFslic@ IS i Yates: i[rhthﬁﬁF eobolimepts. ff&qwdlﬁﬁ%mmus
membrdH:ér{P b&REctWdthb el &h a solitfor STIMRASIRILGE 2h %ter The APMW

mbranes with inproved wettability prepared by this
plasma m@aﬂqé anershrpresamtth ahproviediwattabHity Regpareddnt it method substantlally

retain tﬁv%egtt%e?g{ﬂ aégoyeemeé Br B ThiRANA! maNErNBLEH a2l d&Pettifls as determined

by contact with a gas containing liquid such as in an autoclave test of the membrane with water.

The APMW plasma treated membranes with improved wettability prepared by this method

* substantially maintain their contact wettability with a methanol and water solution to within an
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WD 2007/ 126967 PCT/ US2007/ 007782 17 MeOH
concentration in the solution of about 1 % or |ess;

WO b@7poweus nmenbranes retain their wettabilitpct/os20a7/007782
time greater than about 10 days and in sone versions
greater than about 70 days. In sone versions of the
i nvention the APMVN pl asnma treated nenbrane retained
its contact wettability foll ow ng anbi ent storage in
air after 10 days_ or nore and in some versions

MeOH copentrationdn fre sstutinn of abpe 1 ¥oerdess; reparops membsm retgin their
wettabilpc& ?&SAJ{n%e t&%m Qr% g)ad g/% afid Qﬁ%éjé&sﬁﬁf %g%%ﬁ at%l/%l gldbout 70

i de s ace no ranes
days. Is somn g'bmctrisa:lf th@lmbnﬂnaaﬁte ARV lpﬂasmrteeatachmsinbnmea'etained its

contact WELRry oWl dpieePlipt 3 A G0Bl 1084 or e iy e versions
after 70 dags omnmork. f i ed base porous nenbrane w thout the
atnDspheric pressure 10 m crowave plasnma nodified

P asPRionr SR nrobEnts BitiaRa®t B dirdiiitan be choseto

provide Wintficzahedifipd potsustrembanes thhihRaveansidngtisthaeizgit heast 7G4, in some

versioné%ﬂ%siS&%g?rb&gg L Fvgeq]ggggtxtqée% gb%r] gng iirp gtglgﬁﬁ%e?ﬁg%{ég %t least 95%
of the sthd@fi 6€thd inhaodifdl Kdé)poadid rﬂ\&hbﬁhé Qﬁﬂio&ﬂth(e\éﬁhosphenc pressure
respectlvely The_ nmemr ane be cla

microw e RERHTOfiod G- o oF KRl 5 T tioR Sl SHaHmRprane may

be chardctBi‘ﬁcﬂ’ dhdl 86mbéarelifto OREr Q0 pora_ﬁ‘é‘-‘m%ﬁﬂb%ed atAe BhslidSrength of a
| ed nenbrane sanple can be recorded and the

sample mb%%%a%fi by EKing A BPEGYS RaunyRRe sanpleofes sxagpleabout 2.5 cm x
7.5 cm, et ARG didddEoh RRAD) WL Eﬁéﬁlo‘ﬁf(be' ?esPE’éL}i\fe'l)e OTRL membrane

control porous nenbrane sanples can be ca | at’ed
sample ganshaclamped by fea bgadsgwithakowhad .5 sadgamia beawpirethemyand then pulled
0
rom oG RALL SIS, R n SRR R0 OO TN S e
maximuom hiaddehetnhnsmbmnc rsaml/aemfbrdcpne:rao ibe sleteymineda KD teﬁ@B: strength of

rSI ns of t L.hvient Lo [ ange
the mOdhﬁle(zldr %-V\‘/:a()\l}lgl%re e g U e n C | e S a{l?] a%m% CS C%’l beUcSael%fﬂ?teH %ra% 84] (91‘{ ﬁle measured

maximupoidadsmbaseplesiby. ane can be from about 800 MHz to
about 2450 MHz. In sone versions of the invention the

%%rg%am%)ea ye%&é%thcga% behuese$ 90ur[nﬁ§ : {he r%g((i) &I'ted mergbr lijn d\éersions of

can nprise or
the invehtien amt 1mfudb0h0heng1ct'dﬂ\ea\/%%(q§:ha$ﬂabc2\& atoadi BO@ MI—IZ In some
u

versiong ?ﬁiﬁfa éIH/CPﬁA x{}\gbe range ?grqx?%rgpvgvg grgatéencmgﬁgat c&blg)e olfsefg% treat the
porous Ieabiamatirhndncaf bd freseationt ROD VKD tceahblmamgeo ML I Irfigene versions of

AT T A - I T T

APMW pl asma nodi fi ed menbrane prior to bonding. The
’N%Mrﬁ/eﬂioﬂm flurtkartoethfride od Sndedithanet efionkding e RMW plasma
enpve mgltlht es, 30 exchan
iRy

e
modificf GHEHRART B el R BRYERPPROTS T 0Pa CEHa: Bt R ek gets, core, cage,
end cap80flify esbingtid anNmeselty ﬁnﬁ%@x&hmd:aﬁhdgd uséfl foe nusednd or heat

in chemcal re tlons or processes W th
transfeqopa@?lags ’g}ae,@@ag) gpqoﬁgise the act of p?eatmg the APMW plasma

modified membrane prior to bondmg.

The APMW plasma treated porous membrane can be used to remove impurities,
exchange energy, or any combination of these with a fluid that contacts the modified
membrane. This conditioned fluid can be used in chemical reactions or processes with other

liquids, powders, or substrates.
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WD 2007/ 126967 PCT/ US2007/ 007782 18 The at nospheric
pressure mcrowave plasma treatnent of the porous
woreosnagee7 occurs for a duration that provi despeh®es2007/007782
desired conbi nati on and degnge of contact wettability,
menbrane strength, stable wettability, non-dewetting,
or conbi nation of these. The porous nenbrane can be
treated in a static (batch) node, a continuous
rocess, or a conbination of s these. In _sone versions
ANeSRhPHE MEPSSHETRISTORAST RIAEM? treatmt PEtheiterpus mpmbrane occurs
for a durﬁf?&'i Azt pYividesdne BB feﬁ%oﬂ{blﬁﬁfo%tdnﬁgie%}&%fr QeacPiveltMitity,
asna generatln evi ce. pl asma treatnent can
membram:mnngth, rstaévlgwn@mhw agmiemﬁm pecombigahion pfithgse. The porous
e i
membra&é‘ﬁ%%ﬂé &ea%c?ﬁl %gétagg (l?aaﬁ&ﬁ *?%Jéc{e L coﬂ?u?&ou*% ﬁSéegg,es agorbingtion of
these. I tmnatrmsmnb @If the 1p1vemmmrthe mambmae/ls mpdhﬁsdmhllennsuomact W1th a

moving A Bl e B EHR SRR BBl T gt e com o

in a singld FlaOMA ¥LPIHuAS ﬁ&oﬁﬁﬂudt&@@oidr@ Prédesdidn 4 WBbt(ﬁrﬂlﬁﬁ@Mﬂorous
to about 25  neters/sec. %?ne Vﬁr3|ons sl ower

membrang, O A NEyde f8° ARFOBEPAS gldPr 2lesPhFrE PESSEYFE picTOWave

plasma. nﬁ%uh{esferdléhm cHRrfiioRB $re@mdri Brdtets BeSratd Bfﬂpa{%b!igé&ff the porous
passes of the nenbrane or partially nodifie

membrav%l*g?w e migE YRR 25 ¢y BUEH ffPﬁbatLﬂ“éslnﬁ‘eE?é/ﬁe‘f%ﬁ‘gté about 25
meters/ské. O s%@n@éﬂrerhmﬁ@ SR trehtneRBDEEE: m!t‘%bé HEea t\é%aﬁi B&feriti@tment
ggrous menbrane is treated by th qg asma for )
results. Enhgnpe sersions of regpracess, s aymbeg of Bassenelisthe Tprmbyiape pypartially
modified ¢ASoRlF R RREBIRIChoush d;hé gﬁgm'ar&ax ShrdedPSin Sbolid o about 10
I nvention are not |I1mte any particular density
passes. by sqroewersions dist parhug mebyanerie tr@h@déqy the ATIMY plaswmador about 30

-“mOHdtg%ggﬁe met?ﬁé propertlgs such as but not limted to

sta ITity, a majority of the mechanica
strength of the base nenbrane, |ow extractables, a
“Trerplase genenfinepasuscierniilined in yerstansiwif e mynstum arg@uot limited to -
Qr
oy par 53 B, B SE AN AT A6 ehbrancs it
propemésr suech abbut n(ﬁﬂlmxbe(htbcmtbld beuwabdity, raﬁnajbnt)s oﬁthe\maft@uanmsl strength of

tr densi t an range from about
the baseyiSinBiaf B G RkEp et an bR rora tpihBR o fomgpgtions of
these. I8t oenbmgithe P00y mehibramsteay desicatesl Witk apobpowarddnsity that
can rangé‘ %gca‘go \Ngéltlttsg‘r 0 {ﬁe p(wt I %ga lc é}ﬁea?%sﬁgg h?grl?lgs?mne?treating density
can rangbUrdth iabo@l 902© awﬁu‘ SRGatEed e, NBdEraaa rarZé_e ff&@ about 400 to about
i_nventi on_.can. i ncl ude porous menbr anes, (§Wé gﬁthods
T Gplien

2400w. fip SomeVerRPRSHRFPOWRETE Yet U0 urtie he RUASRAT! plasma

exposurdB¥MhiEnasein Be' @b &thol farthBEfRt8SRNEE sOffagRTTIhd Metibdrley
present or fed into the plasma apparatus where the

at nent | npr s the contact wet

e. QV ab|I|t
%lavgntwaﬂ@ugﬁmé PERPTARES. Y BERASS 55 Fgking them, where the
porous HBABFABEL SR GUeR ATAW BIANR! thoatdFinahe pRdektcasT dabés lﬁﬁmu@‘/ present
ases |like heliumor argon, active gases |ike oxyge
or fed infeHerplapmrabapnaratas wherede i eataren impraves thesantass Ability of the
porous rh&ﬁﬁltane ok ?Qf‘eﬁ 838 8itreRed PFS1sGRERb AN e IARBRYUSFor example, gases
nol ecul es ke carbon di oxide and ammoni a may be fed
such as fhgmoble gases kekdim onargos, mta@rmses lnkwylg@a,smert gases like nitrogen,
punﬁed gglpl%gé SERLR or nwﬁ)g%s%i‘%? ?rfo';@)fon? Lﬁ %%EME?ﬁké drbon
or nore gase €s 0 SUI e m xtures can
dioxide and ammonia may be fed into or be present in the p]asma In various embodiments,

these gases may be used in mixtures (of two or more gases). Examples of suitable mixtures can

include but are not limited to air, a source of extra clean dry air with controlled amounts of an
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include but are not limted to air, a source of extra
clean dry air with controlled anobunts of an WD
WQe7/11:26067 PCT/ US2007/ 007782 19 added vaporPELITR208%007782

wat er or other oxygen containwing liquid (see for

exanpl e I nternational Publication No. WO 2005/010619,

Li t hographi ¢ Projection Apparatus, Gas Purgi ng Method,

Devi ce Manufacturing nmethod and Purge Gas Supply

System Parekh et al, filed 21, July 2004 and
added viper snglorswater heptienotygenspatainiag lignid ¢see frexample) Integnational

r u

Pubhcatmnxlll 5! ﬁ’(ﬂ ?@%lm (Fﬁel?; L*tﬁ%ﬁ%}???ﬁgj en O(E)IP éﬁg%saﬁfaghggg ﬁﬂltgmg Method,
Device waﬁnnnmghn?ethbah gndBesgediasSupply SystemaBhrekly asalpfilediyle July 2004

:  the | S )
and incofifalff HESR LUrEERHE mtiF S GRHr h i, Bl Pt Bhmiepases with o
source off bx gaarphat difffets Rumgit, @ nable gdsihd aafoxdgen b@ithiniig gusPbcother

suitable B e B 13 S VLD 0% SO £ 8, Ol O A v
from a gdb gt d@mp&“@éseé SOLREO6E 0:8igef. OFBT Ehadnhy§18 % Rt ®F 8n iddit or noble gas
some. versions, the source of oxygen . to can include

and oxygefh ol sgEMeYABions EsRPER P SRYBIRAY e Ryt B iited te girmoxyeen,

carbon BExiBESW¥teH¢SporO6:d M finattdnd Wit dgesk] K€ s6RE HBRRINs thedRkee of oxygen
or combi nations of these. In sone versions the source

can inclygg, Ypper igsnerated iom prESw OREINgg sREPHEdDIYPY R PeEaidagy organic

liquids lﬁée%éﬁiﬁno 104waft h@coﬁﬁﬁnaﬁf&% U ie 2 so Qvéﬁﬁs‘ﬂ% s%’u xygenisa

aseous n1xtures I'ncluding a source of oxygen can _

gas like ezmm neond and exyeenyalfup dixide, oo other gas exainding pirx iy S@,me versions

gaseous %mgﬂ'?s ﬁl%ihd‘? 9S8kt o §Et ﬁ cGh bk S{Hbﬁx{k%siﬁ %@HO&' fﬁ%omons to form
arr. sone ersi ons as i nvention B

a mixturie>fgos| phd eﬁygartthatadlﬁbaﬁrm thbset fouad e piry dul séme maxarons of the

' mventxopnttﬁmn%mebrréel?eo)ts mocilﬁed glt?lhagpl ?srﬂa {h\%n gsr er} ved l#;]d(% Al ’atmoSphere of air.

ures hese—an gas
Noble gm esanto He, NenAunhixhgeeaf tesd d&ahﬂlfechkledvlnare diernoble gas is present in
of .the gas form ng;the' at nospheric

' essur e
moumspgﬁgtﬁgﬁ?ﬂséﬁ g\ g o plasnma and interacts with the

porous nenbrane to nodify its properties. In sone
Ther siessise of thelmas iformeng teratmdSphdrie plaans sustaing thetpdasma and

interacr YRR SRS a0 e B4R T Pt OF SpE VEORp diymvention

the presfifte alf e plasin Sﬂehﬂbdr(baﬁ be $sdihRined vl thveeiist daSmedhahival vacuum
[hvention, _the g%essure quthe chgnber where_t he
pump. ssree pf theplagragcas i LatmORPREIHG PeEsuUrp, By iqppg versions of the
inventiofl] thePeasardddbAhBRh&APerieharé FRSPBRIbk el @Sl SvitM thBlafinospheric
about t 250 torn, in sone _versions the gressure can
pressureyRICIPYWAHPIRFING CAR BS SWRRSPIFTHPTFSHEE Ntithis gbeus, F 250 torr, in some
versionsthe $edss@ Ah R athBathede pRd-BRSRIRRinGbBLE S Bt BAkssii@fother than
be achi eved w t hout a nmechani cal vacuum punp can be
atmosphggis pressurafbal 9ap herrshiexag stidiout @ magbar c#lr\@éuwammw be used to
modify ﬁx‘émgeﬁfturg eérpﬁ‘éé hI ;mdeﬁtﬁﬁ U CH&%ﬂ%Q&[CQl w1th the porous
menbr ane surfaces. e atnDsp eri ¢ pressure n1cr
membrape gurfecesr eat ed nenbranes can be used in f||trat|on
devi ces such as stacked disk (plate and frane

TROMLRRD heﬁfgfe@éuré’\ﬂﬂ%wﬁpg Fia@ﬁra tFQE&1 meRibids EAP6e use'\c}vl\?

cartridges, heet | ow fiber nodules. The Al
filtratioperg pes such 25 stickehdisk frjateandftarpomodyles), spirel weungdonedules, core

and cag U’Bﬂ‘?&%e% 1 s@rlg%t holfow H8Er mBEuRE® TRE ABNI® S&gﬁﬂﬁ%‘a’ced membrane

ortio
can be bonded to one or more supports, a core, a cage, or one or more endcaps. Portions or all

of these supports, core, cage, endcaps, or other fluid contacting surface may also be plasma

treated. One or more nets or drainage layers can also be pleated and bonded on either side of
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of these supports, core, cage, endcaps, or other fluid
contacting surface nmay al so be plasma treated. One or
wonReg/1md6s or drai nage | ayers can al so be pl eaperiusznd7/007782

bonded on either side of WD2@007/ 126967
PCT/ US2007/ 007782 20 the treated nmenbrane. The
at nospheric pressure m crowave plasm treated
menbr anes, supports, core, cage, and endcaps can be
bonded together to forma cartridge. In sone

the treated marahrapg, The pimaspherigpressure MiFP WG plasmadreatd mamprages,

supports, eaf@ e%g@ ah@ eh&&%e%%b%oﬁfemawéﬂ th ft;ﬁﬁ dedrdibt ah gome filtration

cart e mounted in a housing, which has I npu
applicatipps @diltqydpweucan brén predons of piremlapribie oxaomnerabf banded filter

cartridgé #Ho ﬂ'{ CFQll n2 : Vg/u ?cﬂagﬁﬁﬁﬂfﬁg %Elgﬁ]g ﬁoﬁ% fr?‘ﬂlg oée@s flow path.

Such a ﬁitarwa}:ﬂ'tdge carpha&sajpleateg aspsbrane snangedda rm-,yhrrdnczd.\maxrﬁguratton
frequency, and thermal conditions of the m crowave

PSR RERAL L yFERR A, LR A PSR oy

and therprab¢onldisiost abthe nioriveste phestiaateshlis i, a madxbrmecmrfdea;wnh a chemical

and phy A SRAEH %ﬁ%&"ﬁﬁf%ﬁﬁ%ﬂrssgﬁeﬁﬂﬁ@@ﬁﬁ%&? iy 2 ehif, and

provideyaeis-dewsttiaf rhé@bjanhesent i nvention has a cheni cal
structure that provi des increased wettability or

'%%e‘r: %tgrgssﬁg?é U %éin? gro%v? PPas a(rggodt d tgpe ullé gngggrﬁn? F]urtface in

versiond ¢fithe prdsant m\torettti(ﬂﬂndslato)temm istractegsthat pravides dooredsad wettability or

s L5450 B e B oA SRR e et o i cain s
stable suthrthatCthe vohtathwetldbiligromans csdntiallly Bendtht dvet it or the wettability -

“nl as reatnent., |I.n sone versions of the treated
changesa%b‘%zaéﬁéess 1 e gdded apiaunt 9f MsEUH ipythecpliiipn uird fp gontast wet the

membraRk {81l ovHR 88 ﬁmﬁﬁl%lﬁ’éiﬁa {rBatficht. Afnt RnerkiBAS bf éeQregﬁ\ﬁnembrane
In _sone. versions _after at {east 30 days, and in

the wettabilifty dagsmot shprge wigh §nm§eaﬂmémermstqr%m ama%ws legpt 10 days, in

e‘FBBﬁ 18 £
o P8 oS8 o SOLAEE i A ko D) S R s o
more. ﬁ@alas gentactewettahilityriabenafisinl ibscarse tmwpenemb@ndmthahlga\{men stored
rotlowif s SSPAAL AR B ATen el TSR LIRS r Hfe ol o
limited byeashe¢ldhfor i nteraction with the mcrowave plasm

forms a treated substrate that has a pressure drop

i

OO RO e R SRR 03 L B on i

microwavegglasm fernissa tregtedh SubsabtsahatZWoaotresshee dnops savieg partxcle retention
o] [ Sior it Ni out 15%.0f .. th .

crarsc FRIRE 085k e SHIRN SRR (A ARl i s
within abO& £25% ed shobnttdadzduntmbeanedin svenbveasiens Withén atsout ﬂ:l 5% of the

vani ageous,because existin es .ca e AP
antecate} ARG AP 40 i S0 DRSLL SR8 AT 210 Stdpermgdhg amrested
membradtf @bis iﬁ@dbhﬁ'ﬁgeoﬁu& lbedéjﬁkh ex@fln@h‘ge‘&lfﬂﬁahessda? ll!:@thAJlPIaliW plasma treated
. properties. The non-dewetting surfaces of t
without spiiapally; advErebstfestipe Erein e - 28 PRYHGR) sFigtaral propertics
menbranes in versions of the invention can include

Pied Acn-Henettingialfageswfibe Mrdsphtc HesRE nAfrowdle bi8ma modified
por ous nenbrane; these functional

membf%?%{tggeer?fsgg f>§ e B R B8 PR ag I Gingfional arotps that are formed on

the surfaces of the porous membrane; these functional groups modify the chemical structure of

the membrane surfaces. These functional groups can be formed by the one or more gases in the

plasma interacting or reacting with the porous membrane. The functional groups can include
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t he nenbrane surfaces. These functional groups can be
formed by the one or nore gases in the plasna

WO paoen2a6967 ng or reacting with the porous nmenbrBeEUSINB007782
functional groups can include WO 2007/ 126967
PCT/ US2007/ 007782 21 but are not limted to -CGOC,
-COH -C0O0 -C(F=0 -SCBH, -SM2-, and other
| yophilic and or hydrophilic groups that increase the

wettabilit r surface_energy t he rane .
but are L By ST ot ederOl RO EICD: ey St other lyophili
and or WRIIPHARLSUPS HREHckdd8e HRNDEEIDRIYCSOMRIAcERhE gy WERY Inkfbrane

and contact wettable with a liquid. In some Vversions

surfaces; iy nerassigdhe ayrfare energrnidbe membsanewirfces fergembrage become
more ly{)gﬁfeig Qﬁ%%blﬁamé@abﬁ@@ith'aqfsﬂg%.' fh SRiEVersionI Bl Cﬂﬁgﬁbrﬁn.e can be

IS an aqueous [ution. A nore hydrophilic

characterizad ps hecamgingimersthydraphilinwhengdbe Hawid is watdreccanprises water, or is an
h : . Ot ; o :

sancong SR 2o i Sl b g o Al AR en Mgk B e ot of

MeOH o mixafiret wigh fxtaterdhataohact wag theinfeatesneof Thdkyophiliosarface is

nenbr ane b e ,atnospheri c pressure m crowav | as
formed FF Sk B0 pE 1 AR BN fre oSt b8 pPukis TS Bl B9 e
atmosplgiriejfeéssore mittowavdplagms tehtatds. of the porous nenbrane

are replaced with chem cal groups during the plasm

r eat ich mak be .referred to as activatijon.

PR b dieRft, Mg Popyrier b i S pBSe bta bR af the porous

membrane aesreplactd evithsehiehiicsl gpdugshturing! therplasmadreagércehicli may be
: dify.themw th carbonyl, carboxyl, B hydroxyl gqroups

referred Jp a5 atfivatign LusmEcAcyaioR: s RRsRa o brakdoni ralimet bonds on the
surface gf idpDlyrAedt dndaepRBe Bt floIfS therd With SEPGS] é0P0xky8, h%rdroxyl groups

p o.c?eés where a thin ceating 4's farnmed on_the surface .
or other gesirghle gEaURS SHeh By aginerunstiona! gioups-a4gtivatiqnedifisesfrom a deposition

process WhRrd R eliih b6t NER ARG SHHHcRG BB 6 SRR SrBrage BP%Scjhteﬁ]%l or plasma
whose surface anal yzed by- “XPS has an oxygen to carbon . .

- treatmentatjo, a O Cratio, that is different fromthe

untr eat ed meyrbrane. In some versions of the APMW
PhHi58:118aGh B Fhn@RIRL &3&an hiAfe & u&%@gﬁﬁoﬁ hdia\Erfabedhalyzed by

conposi ti on whose surface analyze y XPS has a
XPS hag pryexygea to sathongatio. 3@/ (oration that & ¢isferant fromuthejuntreated membrane.
d)etdi SHE0 th AP et Fﬁ%@%{ A
In Somev _ergsll&g) n(gtttg% t hewmagﬁl%ingéﬁlﬁtg%e & étt llléoghggd%g%%an have a
composiimnwkesesbrface enalpzedrhy ABB bas @ f8rine to edrbbh rasichen F/C ratio, that is

- ' ' i ' b .
it 855 B U 0 s 3y My 1 cone
betweerpatesis 1106 andcibowa®.68 p hastithothed i éiseahs b Hevinvenidn, dreed/C ratio can be

hav face. 2 ructure and chem stry that nake it
bemeenc%br?t%égib%aé‘%taggf’é&?mgth a solution of |ower surface

energy than the untreated nenbrane. For exanple, the
‘B ftavspherer pesoire watrowaya pldsmarpodified gpobous raetdbmages have surface

' n o} 1,SCl rgani ¢ liguid such.as
stucturgbd PAERKROIRH IRl o e B8 Rofiich Wt S FEES encrey
than thepoitrenatedincembrahe afer eéxangtledhbyutfie alcppsphwestet cql Bsmadified by

. i mproved _conta i vvettaﬁlit V\/gl}ch b
adding { BB e RN 2 isPiobe & B S =BG feveter. ihsome
embodimens, the posnii pulmertidMeABMM O R ERLY BRASDsPRH ie8a has improved
Wi tthn”proved wettability capn be contact wet .

contact wettablity which may be determined with various solutions of MeOH in water. In some
versions, the APMW plasma treated membranes with improved wettability can be contact wet
with a minimum amount of MeOH in water in an aqueous solution that contains at least 1wt%
less MeOH than the minimum amount of MeOH in water used to contact wet an untreated

sample of the porous membrane. In other versions the minimum amount of MeOH in the
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with a mni mumanmount of MeCH in water in an aqueous
solution that contains at least 1 W% | ess MeOH t han
wWo b@7mapum anount of MeOH in water used to cPCIL/ES81007/007782

wet an untreated sanple of 22he porous nenbrane. In

ot her versions the m ni num amount of MeOH in the WO

2007/ 126967 PCT/ US2007/ 007782 22 sol ution that

contact wets the APMW pl asma treat ed nenbrane sarrpl e
contains at |ea 2. WM% | ess, ome cases at

solution §afcoBARcN s they BT plagine Fedtad ateriliane SERols apigyg At least 2 wi%

less, in soffeoaséy il 1éddt 34t % 1eR! REHIMRTS RABSs AlledsEASH1oRBPIeEs, 4nd in still
W % to about at |east 7wt % |ess MeOH than the m ni mum

other veemmrat legst alomtHiwi Yk dhout gidlgast v gnleat Mo than the minimum
amount b’fMe@ﬁ-f ﬁpwﬁép‘ge.% t% otntl\%%a@f ﬁi‘ﬁntpt%m le éf ﬁfér ogoronlg]s membrane.

, unno rane I n sone VEersion
For exampi_vemmmhﬁcd mdyebrae imparhe 9&siopnfithe yertiomeanaewet with 95-
7o Y0 e 80542 SIS B A 55 BR800 v
wettableMeifiiHa isoluviah @f 96iwt%6 bhiess WeQH mwateln;anpﬂhmrsm:mﬂhe aOBEMS
membra%‘%s\ét?aggtusr %Ee %gtgcgﬁj% a{leh%ggxglgﬁt% rrt]ﬁrsxél%é/ it %to)vgt?aq] wgth a solution
of: 95 witB @rl1¢s8 NMeOHrin vofenVo%owir/s blel%Ss MzOH hﬂwh\&t 693 w3 onlidss MeOH in

es OH | 0 water S OHin ter,
water, 93 S okiess MEOH: s Veiser o7 90 whloc osprasp BB vate 1He fSwer the
content €M irOthe %Qﬁoh Niheh@stfed tht dRfice Eﬁ@fgblog ey trét€d membrane which
surface energy of the treated nenbrane which :&%poves

improves {15 nABKlewEHEAR PRgeficsp e oatact attabili ek thiafmagnuerie pressure
mlcrowaQrE ﬂﬁ%@&éﬁié@%‘iﬂ&aﬁse§ SUBR afith GmBIGY StoPAg2SIEen Jrﬁ/'?ﬁérﬁgrane at

nbranes is stable after anbient storage as a dry
room ternemmﬁ & gir forr ¥ denst dOrgaysa inpame Mergions faﬁpr ambjeahstoragg for at least

f
20 daysi 843 e SO MCIRL by LB 90 OF OS2y M o
long termtuse éltﬁtsrmMman;@nbﬂowmfepermns m gas g@emfms lighidsor
long termuse of filters and consistent flow

'ﬂ{eaﬂﬁfotsf)ﬁe}lc' C}ﬂ’g%?e 191? Shabd ﬁ%éfn?% ﬁed Bl%u'@ s fave surface

pressure m wave asna us. nenor anes

' structurdyandechsnristag that makaet eaméach mettighlervish ayoltuhatl offdewer surface energy
" than the %%H%Qt%& %grg%?% epYl % : ejlé giléj gl#{g&e%fnet%%or v\éactglr I:q?lcbee rpﬂdtﬁed by

e Un
adding ctszmfeat: amowets gf amﬁxsm&mrgmn liqeldmd:hfalsed altq_ph@_l)tcadehen gVersions of
modlﬁe&j Horo|u8 %&tg]ﬂ%‘?%e \sl\lé?%ces p{;é)rag Oahrg cg?tact%g %gll Ioa? 5831%90% &596 wt% or
less Me@Hnihrveater; s vfhee esrsinms pias ABMWepleoni &eited\/pbtcﬁislrmembmheéihave

tion.o 6 w9
surface ikl A8 Chemmomrar Bekb Eradt et Gt s iLaT ha a2 or less
MeOH iauwrdtag 04 3#tPal6t 1es€VRITH dheates] 93/wt%atr 1688 RO mamac D2 wt% or
ttable Wit asol tion 95 vvt% Ies

less Me 1§rwat9r4 %9?% Yﬂ%’loé gss %68{-1 IR WalsTer gw\ﬁ t%e(ﬁonte@g gf MeOH in the

solutionMhEHi Her ed Qfrfac8 2n¥g¥odTithefeatesd ﬁ"xe%hé Whitdlifprows i8Gion-
W% or |less MeOH in water. The |ower the content of

dewettingsopperties.n Thesontact wisttabifity of YR ermesbesy PresewreapisrQyyave plasma
treated rﬁémbﬂﬁei [2d1d ABNRNBRA: WBiaGh inh ﬁri?rf&"aﬁiiedst ?O rle?s m some versions
dewetting properties. The contact wettabil t he
after at lgast39slas.i andpn etharversionsraiics pebisn stopage: i m@at _70 days or more.
r .
s s GOREEORR 45, A5 FBAEE AU RBUS B 35oh iy fBlgpmraing
liquids. days, and in other versions after anbient storage in
air for 70 days or nore.

The porous membranes treated by the atmospheric pressure microwave plasma can be

may be characterized by nominal pore size which is directly related to the membrane's particle
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30 This is beneficial for long termuse of filters and

consistent flow properties in gas generating |iquids.
wab@7p2d96eus nenbranes treated by the at nospherPCT/US2007/007782

pressure mcrowave plasma can be my be characterized

by nom nal pore size which is directly related to the

menbrane's particle WO 2007/126967 PCT/ US2007/ 007782

23 retention characteristics. In some versions the

porous nenbrane is a sieving filter that renoves
retentlorpcd}a{arcéqrggcm]n §°§’ieéﬂﬁ§1@nsn‘86 BaFAUS pembrage i§ 3 sieyiag ﬁlter that removes

partlclesm'y‘%osqwlhg Rlch st ®otb §ﬁe o proPErtidant ﬂth@ siz€ to@ 't}gzgﬂam@h! retained

stevin tratlon and pore Size can be rel at
by sievirfg @Watlam,eantdmom gize chr baseiied e flopratethroyaki the mesmtrane. It is

desuablégﬁ)%gg 161225%? tH pgﬁﬁéle ﬁl,tgnt{o%t a&‘ﬂtﬁ(gl) gﬁ@ G ghﬁi\@aﬁ% fhereasing one of

y ‘I ncreéasing one 0
these chm’aaeasﬁoe rwisle significhhtty mdgmmgnh@mﬂlleyof tédm:q:htgacttmms freundesirable

ot o B g SPE G enL RIS PR ffion b

coatings@niodifyahe gnbrasal uti on based coatings to nodify the
rrerrbrane The at nospheric pressure m crovvave pI asma

ltah'?oau 1P§p ef18 rpresigﬁzrpécr%vg\e}\\éer p asnﬁ% N atm nrt 8g {h ITEpOtrO'tls 789 bnes can be
utilized i’iim‘iﬂ@fnts}ffoxt exadipre pbsver dasitys ﬁéﬁmeniotlmé mmnberra:l’fereatments feed rate

R TN AR M AT I T

membraﬁel bdstrhfel 1§lhbtysulﬁﬂﬁﬁﬁﬂyl weker@HOo¥Sshaws liahéilbaﬂahtr ﬂ| increase in particle

ncrea e in ti sheddi n or exhib
shedding, g SXaRIE &R aﬁl&f@ Pe‘ﬁ“%FdPtHaE‘I‘ © peleriion; ghext3piles pytsfangial change
in pressifte ARdPS bARLY %mﬁﬂﬁﬁgﬁ of ks hiRBit#Hufe ﬂ'b@@ner duARY filtration of purified
conmbi nati on of these menbrane properties during

water. Rurified gratenrapibesigipinpedior digiigd wiigr-i In soanqeases tf@awn@@d water can
be watequ;grv?‘l eg@v%{net?k gér%ée' (ﬁ(t{)&ﬁ\%g{ rts Ipﬁxé \ﬁ;i% i gﬁ‘_iﬁﬁé pER?{)er billion or less, a
reSIStIWWaﬁg}@ Tomegrampcpdotls. peegtihing-on arpars, eudareregpparticle counts of
| f
less thanpﬁ(gj clé)(?xﬂts%te ?o%‘%) 053m15r%ﬁ siszteh#ngy g&er %%re%{gg‘fp 8’Fe count glasma
modlﬁed)borohe s"sentﬂrame QDmJS:muammdﬂ hasenbdtamti0ly0the sirne peiséabdity as
rticles..For anpl e...the APMN plasma .odified . 3
measure} 3y 64 o o T e arteN SHERRE smils MR i tis pressure
drop dodshmt smyd)wmbfeaian Iiimsy/o %conmsdmeﬂhe Ipyessuresdrup acbsotheammodified

e, unnodi f b t t .,
ISR (I e o TN
versionsadT th® APM Wlplasmh h&a&ﬂ@ﬁ:ﬁdﬂsﬁnﬂﬁbﬂn@,ﬁhﬁﬁ;ﬁeﬁdﬁﬁe ﬂﬂbﬁﬁdﬁﬁii@d does not

Qrous. nenbrane substrate wt the nodi f | porou
exceed $1HhAathan G S Py Ui YA OR ot oxptrds EOAG Brecppmared to the
pressurcATM A SIS TR nheRlifed PorcaY sneiTiiadidstrhfel S pressure
drop variation does not exceed 15% and, in sone

ver ions, th ariati n does pot. exceed 10% a
g o febt asconbliee MR oS eI Lon A ik Dinertigle retention
propertl@ﬁdfqmindﬂi‘ﬁ@d ARG WHilLsubdniVRIP ANR S nifApttht ifREt dhBracteristics of
accordance wi_ith this invention can have the particle

the unmpdified splirats, 1 gdditions theratmpasRGTIF PEIgravaisRipreaa treatedporous

membrail behpbdilieh i¥ed B iYrdindtd e hhaesﬁwoﬁgaegss Bt éﬁfa@és & the

he unnodi fied substrate. In addition, the atnospheric
membram: wihendy eonsheiswih oF durieg filmtions ! amontgassias digwish diesk srpmbranes
can be cﬂ&% eR2la N x%FE H@wéﬁlﬁxgn’?ﬁl&se M rﬁlﬁf’lng %ﬁ%t&gsﬁg fiquid such as but not

surtaces of
limited to an SC1 or SC2 cleaning baths for wafers used in microelectronics manufacturing, the

effective life of the membrane of this invention is significantly greater than the effective life of
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menbrane when in contact with or during filtration of
an outgassing liquid; these nenbranes 30 can be
w@b@raedser i zed as non-dewetting. Thus, when fiPCEUSIQ7/007782
an outgassing |liquid such ag4but not I|imted to an
SCl or SC2 cl eaning baths for wafers used in
m croel ectroni cs manufacturing, the effective life of
the nenbrane of this invention is significantly
greater than the effective |ife of WO 2007/ 126967 ) )
unmodi sy oEnuars 2 Thopoipysminbrasessep dgfutasiiyied mad rempia wet with
liquid. POrous nenbranes can be autoclaved and remain wet with
l'iquid. A conparison of the SEM of the starting and
APMN pl asma_treat ed nmenbrane show no apparent change
Agoppadserueitie SEM jof thefaging gnd HRMY plasma jregipd membrane show
no appaltfl gk i ShRAngR, I RRRb iRl tngbicy il BRNCIADfoan properties of
the memmrgtse danet dhangoerarewditlin aheut=23% or lesa gd 56§ ot Iges, and in some
e:
versmnﬁs%ﬁjl% 3¢ éé)%@ect.h% ds?ef‘\rn?% S%m?enref) ntlibp g};%l%{g?e%gego t?[ﬁxéa%@. It is
expected tlmatkecbamdb shedding bf t}iaetr@temh hambtape vl Heaseilanerthe base
b ba ged on | naly,gli ¢ atnDs heric ﬁres {? fed
membraie F%%q}’e&"bﬁ “ho ?‘??8&’51’ %f°o‘2}§ HERBY SR AY P \PsPe mapii fie
porous @Embhmeiin vesidreofeianintentiot 41 NP iitidp oMb hntbralathat can have a
seving SRV e 0o S oS o ot Gk €5 i LRV

of at leabifd/for®.0Ridr8ADk safler pdiOes M @Il@ﬁdoéa:ﬁﬁﬁﬂe'a%ievmg LRV of at least
articles in_a liquid; can have sl eving LRV of

3 for 0.93zigron gr sryaller RegtiGlpTinghligids A%W &F %F@?%Hoés"alhﬁ’ raleans the logio

value off thd Hufhbet-EPpRfick th HRdEEd {fﬁ&at‘é?hiﬁdé@ﬁ‘ﬁxe%ﬁﬁxﬂe? 8F Particles in the
val ue of the nunber of particecles in the fee

- permeatefliquid affenpagiing Huaugytheeembisber of parti cl es in the

perneate |liquid after passing through the nmenbrane. 15

ThE atBlJ¥PRAIEreSsupé ﬁﬁ&%mv%%ﬁiaﬁye%t&ﬂ ﬁlﬁH@s fERBEAR surfaces can be
por ous. nenbriane surfaces can-be nmade free of ionjic

‘made fregef igpicongari reasie P&%@Céﬁ?lé%wmdﬁawpﬁéerﬁrl% asntution of a coating
|
-ma‘.tenalstﬁl'at“lg' Bﬂeﬁjo rogang&tagé AmyR tee% rgr Op{gﬁ oBnfiiRP THScdiPmhimize

por ous Thi's can )
extractahlesj for zwamplertrase aplougts ¢fo¢me>aadwlr@m¢ materiatfothat gangforrupt a fluid

being fi t&%hc h?gcﬁ-[lg %&%@hﬁnmﬁ ﬁ{e &ﬂ’n]gl E%rﬁagg?ﬁg{eﬁgﬁﬁ%agé ri%ge less than

N SONE ‘e
about 2®ﬁ)dp!f ozl foeerttravtablé ions shels as $dudum 2éalabony zin2 DBoppopper, potassium,

total .faor extractable. o i ca ciu
and alu . 1 i SR AOnE L REN i SRS Rt Bgyg tess tham
about 2@ pplo chitalefor sxttMabQPMNsrsluaB aRsedigiing caciumg lzbrcarrenmnp@er potassium,
and alulgless t EE% % tl% §19 Etnﬁ)tl tﬁftle ﬁ{?dl %&é&ﬁ%ﬁ%&grmé cansbe determined
by soakfipt x’lﬁ@'alkjif‘nof tiedlembritierih Ghn a&'fdlesoﬁmidrﬁﬁtﬂm 6r siafd &id f6f one or more
modi

orous ne er i ned )
days aﬂé gary s f‘p%ﬁlﬁ SehigR be/[@&’ﬁ@ﬁﬂf Q%r S ﬁF teEhnaug Jﬁﬁ{? gfraction
solutionAdantte! 109% vAl 61 3% Q{Eﬂmfdéiorﬂi&l WiteADIsodRe EYSnaHE APMW plasma

anal yzing the acid sol ution | CPMS or other suitable
mOdlﬁeflé’&%lPraB%S hapedessthamahqus g0 @Blﬁﬁqﬁs can be 10% v/ v of
37% HCl in deionized water. In sonme versions the APMV

Wh@e_ us ARahBrafdmEanidacmhe ema W ?ﬁa%niah?datra&wanmm@@coatmg
QOCs. The porous nenbrane nodified t he . APMW

free casbpggngdc ,cg@gtﬁg}%l @rayqnqlwggcha@n%gqqsn@ed 1o ﬁlter liquids The porous

membrane can comprise single porous layer, a layer having a pore size gradient, or multilayer
(extruded or laminated membranes with one or more layers having different pore sizes for
example) made from thermoplastics such as halogenated polyolefins like

polytetrafluoroethylene, modified polytetrafluorethylenes, perfluoro (vinyl alkyl ether), FEP,
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free cast, extruded, coextruded, or |am nated
menbranes used to filter |iquids The porous 30
woreossnag9e7 can conpri se single porous |ayer, a PEyeEs2007/007782
having a pore size gradient2sor nultilayer (extruded
or |lam nated nenbranes with one or nore |ayers having
different pore sizes for exanple) made from
t her nopl astics such as halogenated pol yol efins |ike
etrafluoroeth | ene, difje
UPE, pogﬁpfﬁte@? (R RFE MasTRbTRRR Bgterfals. ¢ IT&‘GrPSY‘(‘Wﬂ?Pb@PWFm include a variety
of morplﬁnPg&k sudtFad 1a¥\p) s&%7ém7oﬁ’&z—r ¢SURRR O M 63 Dthet mditbrane

ysul fone, or other nenbrane mater ials. The por ous
morpholﬁgﬁf Ahe embIAne PRV A SIIBEIC QifasBmsHeR PRfessusiyen In some
versions?fe Eﬁ&%llnﬁw bftle mg Stic @hAte %nlﬂﬂ'hﬁé rg?@ﬂ&] tﬁ%n Qbout 65%, in
ot her menbriane nor phol ogi es. rane can have a
some versjonsegredter than abgwhdsChi andporstlistheroetmens graatsotign about 85%.
i N e l.ast i
Wlthout\(’ﬁgﬁ‘lh n%})gﬁgmﬁ’% gg?}gég%)é? % gﬁ: %xlé cr%%@ /Hﬁfoﬁgaesl'gﬁrngFane the more
durable therlgophilic gudateanodifisatiadbout 75% and in still other
versions greater than about 85% Wthout wi shing to
I
’ﬁ% ﬂ&%gﬁlr aneér@%g[é%}%@@aﬁ% g%?)rnatt%gtelﬁﬁé‘? L% Al%[ﬂgta}/‘l]p %fan comprlse
one or mywe idyiecat IncomeRteesiannibs ;pbamsonpmbsasla mmymrcmamam@de a ﬁltratlon
layer sulr%loo@?e%a; (Sen?eggr rﬁ(ﬁl%s oﬁgg ?Slffsg%gg %g r(])g gr rérlxtsrpg)r s?tgreTR%é&iyers can
provide m[ppmlyfolr a0 linrcke fdtritidrt Ilagdan, for exhfthplalsege sarp pizetsappdry 1ay@es on either

f dif t
side of a{aHl St Rirg iupfiitlagen THooHamSy pha KEReH membrapgmay be a
membrahé Iithati @ﬁls_bém@me 14wt sﬁﬁéﬁlﬁi @r itahgeineRide aSradicftiPPsres or a
son,elter si de of ht ma,ller

dlsmbutfqrf/ &} BarPSiver ) 67 laveran dyaoer 3 1A e sl Syion bonded

together "B sbifie ¥ ersiBHEIh8B6rols biirade & e?'ﬁl%rgﬁ@bﬁs h¥rane.

structure, or it may include a gradient of pores or a

di stribytion of pore sizes. The |ayers can he
+ ASREPPERIR BreSTHATHEIONE Ve Blifafreased mGHbEep oh theprpsapt invention

are 1nte§r5)l§hﬁfdrl%e of FinRATRKRLS ITHEY del DeRREPHSa HEMNHeAN iR, they retain
M cropor ous_ menbrane. At nbspheric pressure m crowave

sufficient sgrgngihifprpleatingrintbramhesussd te femppiadiole fiepplastadonembrage packs,
or they ﬂeﬂﬁﬁ gﬁi?ilméi\rt‘ gtré e%%’? tPhe Gbrﬂﬂa@l t6 otk %ﬁﬁpcrbrt ?3%)‘ e?étﬂfaﬂa,etﬂésﬁﬁMW

| at she ITEIa gtgretaln I Cl en .
plasma tsw%fhgvlembfrme kpﬂSéafﬁmglt&han rengdniggnty that itmambgiphedied with one or

more s PUSGLEL TEIN A0, E L ORPAAPh Pk b

drainageRuts,axeomp) acagehandARNgAIROcaul teslamded ¢egethtr te ﬁbmm 61thasartndge
sufficient strength and integrity that it can be
1R!sBAfeArbhd o ORE i t f ce {
) nest S. e\%ﬁe p c()eat e en / p@a?uﬂﬂﬁo g{b%%?grne%?% e&temany
applied ¢ratinganf enereingers angotoeqtrr@splmJEp pra.'mir@mnm'awgvez plasipa treatment.
ma. filiter. ca i,d I

AternoBAGSH SABEHIE L LR LS TSR 85 i Ry
monomers.ee of an externally appl i ed coating of nononers

pr ior to atnospheric pressure m cr owave plasma

sﬁérse dxﬁ‘\ 205an/2\e| stu$ t?a%% :1s\6/1 ag hl‘)én reé'lé: c()cfnpo%qlon wfufg b%m Pe used for

separatmgmmmmt_ﬁas li[deepanmles; mnxepimtane, @ﬂﬁ)&«bmaat ﬂultkbr alurhy. fin some versions

ol ric conposition an, he used for . . .
the porogs mientbraie ﬁasnBe retention \My structural &arac?enstxcs of a sieving filter in that it

removes particles by a sieving mechanism as contrast to a depth media. The membrane can be
those ultrafiltration or microfiltration membranes that when treated with the APMW plasma

become contact wettable with a solution of MeOH in water, where the minimum amount of
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separating inpurities like particles, ions, proteins,

gels froma fluid or slurry. In sone versions the
w@eooaus9renbr ane has the retention and struct upel/us2007/007782

characteristics of a sievingsfilter in that it 30

renoves particles by a sieving nmechani smas contrast

to a depth nedia. The nmenbrane can be those

ultrafiltration or mcrofiltration menbranes that mhen

treated with t.he APNMV | as becone ntapt wetta
MeOH !wweramst f SelngAn & r‘%ae‘ale%rpus ficattzaneys ?ﬁsﬁm ‘minimum

amount 3fMEUH @h v&é@rm@%ﬁ&@%ﬁt%ﬂh&m@ﬂ QR(s/BPuntédatddBapl&of the
water in _the solution to contact wet_ the porous

porous embrae 1N §0Me §§rsingihe ARIOHF MeRRFANAIFIRISrORSFOWE@lirpfiltration

membrahB! ferhbyafe pORE sﬁﬂa's caR bl W iftfin {HAan§OBF Aut W@tn%cﬁﬂls to about 0.001
untreated sanple of the porous nenbrane.

micronsy disimermbrane spbyttals candrye any Cpgvmlmtcgggmugc @nﬁguratlon that can be

atmosphléH: ?éés{;{\ler ﬁ&érg\gavéﬁm{){gﬁt@ati%@ > o oﬁgB?ﬁE éq%gré{?isod)%ggxfbsgrfaces on

pomonsmfdh@rrmmb'ﬁ'hme mehinlll@m flsudistt, atcermgateh akeet anlollow fiber or the like.
anenl e t Oggt ric confi rat on. t hat. cg be . Kinned
eéiu"rrémﬁ‘f‘%‘P V‘SOB PRIS 8 APiSRUPRIS- FKinpsl qf unskinne
or can bk y@:phiﬂdsﬁe ﬁ[enlil)f_dﬂieo e h@mbrahé 86iRsratcaneiE iaGhiskAdsstbRBveen about
5 mlcro%z]lr}c{)% lgg{i lnﬁgrlo{l]m arp{ekeg{]y Bgtﬁvgate ﬁ%%g%ﬁgg@%q fﬁ)ou\‘. 280 microns,

and morepReRFALE betvddn AHHROIN Bl aboEOB0O BRGNS PafuS dldnMtafic substrates can
ski nned or unskinned or _can be a conposite nmenbrane,

include peRoUROFHHGIPRORIS ffogerated ROWROB olefingisurt as Rolyxiydtpride,
polyvm%lhi&i%ﬂtl@n@e Fobt RIS tRPRHE a%EQhém}zé Oﬁémuﬁ’ h?efnﬂrﬁbé MJbstrates can

et ween about 10 m crons and about m crons,

The rnexg

include potyolpfing gichiss pobeindens. isButing Diteidghmlcas palysbiiene

(UHMWEE Pith TR SIREAREw SIS b f gE%eﬁ%@oui ﬁ?ﬁﬂﬁ te%ﬁw% Rfiition,

m cr opor ous hal ogenat ed pol ypol yol ef-i ns suc
polypropidpys; m@p@hnmthsdeentelm IRorpwsniehdrasfes gan ingdude polysulfone, .
0] an
polyethé}gl%ﬁ‘# E)éiyxr}:ﬂgc{? %CP%J[’]Sgﬁldeol 510 opﬁnieﬁ:gggabrgﬁg égﬂﬁmﬂg QB{ flfude
polytetrpfiorotthylenndPTFEY, Iﬂmbnngtedleth}deﬂu prlopyizhe cui)@i!ymer (FEP) ethylene-

tetraﬂuéggét%gltgﬁg lgggnﬁlymf f('ﬁ # PF 0{%\%1%%&%1%%% &[F%\ﬁ I% some versions the
ﬂuorine@hjé@mag}ﬂoeﬁﬁera Rén pe h)ﬁmﬁétyP'DEBtr&ﬁﬂs cdrR4inliify et Q&pSrcent

erato g 45, O L00e. 1 POLYELTEL S Logc o YL L

perﬂuorb(iﬂlkjdd&nylmﬁéf} ehikalrbs 6f ®eid vl @Rers( B E&he vElsitiisioTdERvention the
yl ene-propyl ene _copol émer (FEP), ethyl ene-

porous R%Y‘F‘Sﬂ Hephgrrendedbh6Fyner or a perfl uor oal koxy
pol ymer (PFA). In sone versions the 20
Inl dirvegion 0NtiAS hiveatiaglaysliefase Gdi el pordid neehbirdifels formed having
resi ns _con%gml ng at | eash,‘y% per cent

an avergggpong pigd P61y MERE! of e85 hhamperebrans ifferged fom a fuorine-

contalmhg Eblﬁﬂeﬁxﬁelﬂﬁi@ﬁ% |sHI§Ht1%IPé SSNpSHR og@é&dﬂﬁ%&ﬁylkﬂé THePbkous
er m xtures of these or o ﬁers I n sone versions

membraaP svbférqt%bwsf srfacpemogificd by prssaaeehrqughpmpgmgppheric pressure
microw&HARERE apddrius 'af‘a e &f b&’t@r ﬁlfantagbl?to JONGRE:. Ghe éﬂ‘asgna modified

surface nodified rous nbrane is rmed havin
porous raeinhvanedsg emyeﬁeh/@ttabée with@. soﬁltmncnomtalmng 196s%t% MgOH or less in
r f [
water, tﬂ%@?%@ ﬂsoa'%&sto ere{lcqg?r%}rllg% F%g@%o%y he m agr EQTE%F %glucent
followm'ﬁmlt@@awtreatmnbmanﬁesmb&butalE ?(a§on dtﬁ)usmm fhfinetss.
nodi fi ed by passage through an atnospheric pressure

Atmospheric pressure microwave plasma treatment modifies the surface energy of one

or more of the plasma treated porous membrane surfaces. These surfaces can include the outer
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m crowave plasma apparatus at a power of greater than
about 400 watts. The plasnma nodified porous nenbrane
WO soocamart wettable with a sol ution contai ni NnBCRESW0%607782

MeOH or less in 30 water, the nodified porous nenbrane

IS non-dewetting, the nmenbrane remains translucent,

follow ng autocl ave treatnent in water at about 135 C

for about 40 m nutes. Atnospheric pressure nicrowave

pl asma treatnment nodifies the surface energy of one

handlmg,furﬁame§ agypelligs i ipNox PREE surfgese dTlllfdptgugleﬁg,p@pwembrane can have a

portion §f’&§@&%ﬁoré@ﬂﬁﬁ%oﬁfé€ﬁ%% G-f4cRE Amwjﬂﬁsﬁﬁ%e%gde&r oo rous
2007/ 126967 PCT/ US2007/ 007782 27 ndl i ng surf acgs

membrane can have alhef itpBpisl enmitdctiog surfaues cpuipjetelyl amosplsuis pressure

o AR RTS8 U p A BBl U Ll e pasma
using onepdrhinamepassageh axteugi theafeatmsltfcb\autxl Thebigher thg dwnsityacksirface
groups i%%g;gﬁl‘l SB ghey %ar:oﬁls) m% L Sranoe'f ?utrﬁaég’su %}% RS ter Ve\?\\ggté&égﬁn%g the more
resistant the @beshsimerh bnp hsamrmw&tm@ Wbemfiﬁeﬂng Aas cop@sageiquid, a gas

t, cavity. The higher the density

t
generaUBgli‘@HE?%rccgﬁe i gﬁn’éir med on the porous nenbrane

surfaces, the greater the wettability and the nore
T]erspmssmé dtdpeofirofineisis randas areofitie fa3istaive of] itimagﬁmtten liquid flow. A

ring a gas coptainj l'iquid, n
high prosput ppr hesefion SRRTRL Pottrer s, Srdm r BSIRG ST R lowet or s
pluggedfw 4 gds drpatidTeSiibhe nifmbrage p&=s.S AABGEpRésuird Brdpl ihtiRhtet @ low
uid flow é 1g hi gh lquessure drop indicates a high
liquid S RgpgtapF o pa et B g e filigrdsnei ang spmpirtely;wete fn post cases,
pressuréj&‘ggtda&r shiotild BY &G BRIEr&Y retatBa o e fadid fikSefbie nbQfter atmospheric
rane  pores. A | ow pr essure drop indicates a | ow

| mlcrowwecp}ﬁﬂm trsgtmeas frassees dropgandes FRTITeh Pounde pei suajnch (psi)

or Pascaﬁ@gf &%Iﬁfa?bx\és%% acxlcﬁs fH&Sﬁne@ %ﬁﬁahze‘araﬁ%%gtaﬂf ﬁ’(ﬂll&l?ﬁ)@‘f rate of

shoul d be considered refative to the sane fil
1.0 U.S peallopeen pringte gpmi pnd g hisers per minyte dpvm. d?tavgrmtestmg, pressure drop

s o A o RSSO0 00, 06, TEPSU L BRIOE

gessure across the filter nornalized at a const ant

prfastdvettabiliyyrafees tof the abidity ofa sayapled agest liguidiepplied porp portion

of porody. membimk! J) Hthl E:Brégiorf'lﬂ]ieem b}nﬂg%‘e VA h{kgtegtgwél E‘lroughout the

pressure rop most prefer y neasure
thicknessipfithe mgmipmansrs 'Brﬁ \aeqpoetiom ofghel nfemlyheclafpdat transparent compared to
t abi | | a sa
un-wet 1()(;% Bﬁ% \f\ﬁlx%negrgil) ﬁl) g{ \?'egtagmflg/rrfsl s to 3) htg Sg ngmple of a test
liquid ap@iddrtamepdrod bf & pthlS mesnaisand td llm'mamztﬁﬂﬁrw witlih abda 1-2 seconds,

test i wdthro t hi ck .t h
fill the pr%'é;so?fl athg brane O‘%ilougl g théﬁgu}eﬁs W}}Ejﬁrﬁ ,Iﬁ'?g llgblg é;g?h that the
membrahk appEas &Bﬁsp%n&mfn aﬂ&ﬂvé © thel Bp¥dic 4PPEAiafOSoPPportibas of the membrane

wettabi.lity refers to the abiljt
un-wet g‘}sﬂ)’g‘mﬁe%fo i chne et igtiep af b Pate o ambEe RS {gow of the
liquid tHpotghithefRerab@ne. 1O contriRe] itiad Bds¥ méibiaht Bt B paksistmdmBrane
onds fill the pores of the nmenbrane thraqughout

insufficiepty PIFRIsR AP WiPle3Hen 1ABEKS I AP RaydabilA Al remain opaque

when th@‘i‘é'@ 1ig0R1 i8 ﬁﬁﬁﬁécﬁtot it 69&1@%&%raﬁ@h?&t}" SISwiyo ?é&?erQHQ%ut 5 to about
pearance of portions of the nenbrane 5 un-wet

15 secmtl ba@mt? atet thepprtion phehegeroysgpembranstwith thedistuid, spphed to it.

menbrane permts a flow of the 1liquid through the
mgﬁg proper&Pbt thadthembrafe baASEe ARERNARE b apPlyRR RS liquids of

various surface energy to the plasma modified polymeric membranes in versions of the

invention.
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insufficiently treated by APMN plasma to nmake it
| yophilic or hydrophilic will remain opaque when the
wo em/1kdoqui d is applied to it or the nmenbrane PEEUS2007/007782
slowy, greater than about 3%8to about 15 seconds,
begin to wet the portion of the porous nmenbrane with
the liquid applied to it. 30 The wetting property of
the menbrane can be determ ned by applying test
qui ds of, wvarious, surface energy éo the plasna

%oﬂtmpa&lessmwﬁémecm}%%%%gsmﬁw FbpRlygrericjperous membrane
surfacestBM ARE btiact \WetaBfkdrd 2R3 Qx%nme%@ Oﬁ&qglz%%&mgzéfeg‘% modified

at m)spher I C pressure m cr owave p asma nodi f
porous meshirgaes eomppsifiensitbatemains veat prifir iquid pdler awéa@ma qidiltering a gas

contamu\(%flér@gl ﬁl %@ d@lessﬁotrm%}@e%%%&'ﬁélg& l}%@ ‘fl%?ﬂ\ﬁltetﬂo?& $8h € R mbrane to
por ous ranes comnpositions 't hat
increase rtbermpawyy\mt:mnsd: thel prqs,sude tarbp,ewr inoreasecflowdimoe clﬁairhcttaliétiwg of the

APMW guag éll‘eélp rperal agl cetsh et Be 12% %ﬁlo%ﬁ'e nﬂh 1A arﬁggrf i&s §reater than

25% 1sdonmﬂa&ﬂaddv&tﬂmﬁbrhy¢. i ncrease the pressure drop, or
increase flow tine char acteristics of the APMN plasna
LALE r
SRR JEH DR RS DL AGLEARE bR RS SR
present imgerdticanen bEnketerarinetbphedting a;mepﬂratnemnqﬂe )N@Witpladqmd in an

treate rous ne rese i nvention _ca .
autoctavg SBRE e HoHBE R RL PR Tl E AR RE s B Pblg E SR dewetting
the sample guil demmnanettamdammlcanefonbmtg thbautweldvieng:apnémt Fof example, if a

wet APly{gﬁ li’é&}@ttfela po%?‘?érrng%ﬁmngnbr &> elrszﬁgr)#%?n%ﬁ]ae sample will remain

wet and hraﬁﬂﬁédm mowﬁgla@wdwet&b@uaeﬁto af avet baghb®btancoPa wet APMW
if a_"wet APMNpl asma_treated porous rrenbr

plasma @alhﬁém@nﬂg treatedde ek 1h1gyopmkl@ or yArophyliq is subjeat 19 th iAme autoclave
treatmerﬂni@' whll @l@ﬁitéi%%ﬁ%pﬁ@ér' dﬁ‘éhﬁlegfo@l'éﬁxﬁ ﬂx\{t%cia"vé HedBMnt. If afdther -
base menbrane or "a wet | asma
lllustratl_vp ﬁg@ﬂpﬁec%ﬁﬁl\g\)\f plasma freatgd ﬁﬂ'[@_E pqrop§, Bismibrage wet with water is non-
dewett:ritéy @‘Ef&ﬁl%hg %u{o%laﬁ}émeg%eﬁt%t BI?%ng@rHﬁr@Hf 9§§ ad%? \zv% er for 40 minutes
~treatmenty 1t wl e-wet an ear opague oI om ng - -
the poroasieoitasns teneannEmsludent. mim-ldewettndgl differsdrom e contaepingle .

T, | '
measure%fétnﬁéf’&ﬁ’éé Rirr]xgﬁ[lﬁ J&é§§.§e?g3éf tEE% gé‘mé%ﬁ”"%%é“ﬁem"iﬁé wilthg property of
the mentbrast thenighatt the neepleaat’s tlackdesi rﬁh‘eﬂhm Jjush e pufeopurdge of the
membr m nutes the porous menbrane remains translucent.

2R6n- dewet t i ng differs froma contact angle
nmeasurenents of a filnls surface energy in that
Dowettiopetn be meaastired smttmatddqaomms mnlglbparmpmupynwf'l‘hezaembrane may

be wet ng} 3lo wn?% ce t% h{lgl'g q%x gtrorg X@pRle é lfehwe&?,?tgn% }sgﬁropanol then
rinsed oi?ﬂumeti |w1g1 water be reveasLihe IP A frdm elad mdmbedneu STheané@nbraae can be,

placed lliltg ﬁgﬁ%g' "i“frdﬁllﬂa wn‘geaf'mg )pga?%ﬁi étRP @n@gw%v%tlkgwcbﬁyj; Iﬂ?ou? 40 minutes.

During thS Qoo Re ProcebH gik disdoheeiiin@hie (attsRaH cointd oub@lf €6lutibn, the solubility
enove %Ge | PA fromthe nenbrane. The nenbrane can be

of the gasgn BIATSECIRES 1 e ATQFia%e. aRf © gan disRlagR WalH! 31t itreated

membrafél AHisQS h¥LarAplelbia das oAtaniReliqdid dBNFUiAS the fdefabifhe. Flow times
the autocl ave process gas dissaglved in thée water w ||

before apd aRlerthe agtockaye frsagpent mpay ReopafRmed edyto determine the change in flow time

after autoclaving. An increase in flow time for DI water of greater than 25% after autoclave

treatment can be used to characterize a dewetting membrane.

The APMW plasma modified porous membrane composition also prevents or reduces

dewetting of the membrane during exposure of the membrane to gases such as air, as long as
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of the gas in water decreases in the autoclave, and
the gas can displace water in an untreated nenbrane.
wabiog/1iz@ean exanpl e of a gas containing |iqui dPCT/US2007/007782
contacting the nmenbrane. Flow tines before and after
the autocl ave treatnment may be perforned to determ ne
the change in flow tine 30 after autoclaving. An
increase in flowtime for DI water of greater than 25%
fter autocl ave treat t. can e to characteri
the memfragg g net SFgOFRMBF ARETIOFR tlmmﬂg tiaa MEAP R PBISS the
membrah& ;8 f6r és@ﬁm@éaul@ Be AcRPmPRAS W Sight cHaB88 688 wet membrane
dewetting of the menbrane during exposure of the
sample coppgFesie 1ts(§lr@ ggeéghts fRUFInggusgiip a gaql%@roggssvﬁ)e filter can be exposed
to air undQ3H 12{5‘1%953:5 GiHe PR (yéc%)sg%ﬂg ﬁltglgsdcﬁeds 'Eﬁm} % anep 1'a§en'¥8{t of the
. expose period of tinme sufficiently Tong t
liquid begag Blergdyi ng of the menbrane. This for exanple coul d
be determ ned by weight change of a wet nenbrane
£330 EmE R Sud Mehitiatt Rk 9At be BHchRBH DS V{ré}tlﬁgasample of
flltrat on process, the filter can be exposed to ali
membrape gith aslow Jurface twsion lmuruﬂ endrihé¢maflyshang dwgnembranelte eqmove
. ri ] t Aol qui [
residual 34kl 08 (e L AR, (Ol Bl Al 100 Aol of
liquid, tlttetirﬂeﬁtetam'srte dlayy thediduid gwhlchamn be t@ﬁperamrdocmt&d foln vescosity)
through \gjbelsaurf ngwnSI ocrzlml‘t;e %al% ctrl? &Sl {nleé Ine% A%hgow time is
longer ﬂfanﬁednmeslsaﬂmemmmest Dot ébeam;ﬂaiu pireeswaa df abdm cmnlz psi can be used
ol of _.liqu it tak o,fl.ow
to flow b0 il irt sirone Ba b Arvuse ol N Ahbeg PPl fembrane having
an area ofi 8b0Q620 ¥th’ had tHertig heasured ea‘hi};ftehhﬁn M58 Mk dR R ol APMW
red. For tight nenbranes fhe flo(}/]\éﬁlrre is _lon

r
plasma t(%qgustag}p 16528 W éﬁ ARV TERatedrmplgs, Oéousgnﬁglggglﬁ%gd the flow
time m@fen@@f&ﬂﬁrelﬂea]sﬁreﬁs"rhé? it B WeSilterb®@whte? Ws aROkduid Cthifrhelps to

of water through an | PA wet and water flushed porous

exclude REep pateatiplRaw ste spdusingeifictadinie vigsositp diffrrengss in thediquid or
due to 1 &ééﬁ Ristablal ?o h3§'t aﬁ@&i W %gﬁla% r&ﬂe% fron¥R uid which can

asma treated sarrp as" wel'l as autoc av& treated
becomeganmda@therp@nbmsemfmeane and the flowis tine and
' tenperature neasured. The test can use filtered water .
?fksfoﬂ? of {lﬁl{hgenn-glﬁ' ma )?E'J tag ABXEN t;aqfsn% t?@itecpﬂlteﬁﬁrrér@ configured
wrate reducing effects due to viscosit
to removyl ¢ondaminents frqm liguid incpifleiddtow digenit.oThe membrane may be configured

ina flte!rr g%ftoxse Chd S ﬁ&ﬁp&% cBganoQé!" ar‘ii%ké%‘?ﬁm@%n %"i‘;ﬁt c!gg%tlje%{:lgﬁmng bath in

romt whi C can econe
a re-circilatingorsinghepass Mfaé@eéemnng/amms of the i nvent ion may
i ncl ude an APMV pl asna treated nenbrane configured 20
| .
AN AG TSGR IAN Rel GO Bt D cRaraptikiZe icWigree of
dewettingsghiseived én and MY/ plasmetregtedparens mawbeangar cosirelpdrewm

membraﬂ@ é@ljlergflg ﬁgﬁzlog\l ?ﬂﬂe‘l \Qgtep gﬁﬁblk gom"il lp‘fe%s&lj o(flz{l rﬁéﬁnﬁﬂgg 'the hi gher the

eani ng
potentlabfmrrdewpttmnos expesure amaml g d)e tv@tmdn@blapcuhw:am oﬁtbe APMW

th ree_of devvet erve
plasma (e B0 S pRmor b E PR Sioh dus Bioaleb E e Pafes bubble
point préssine ¢l 1hsuff tientlp wemotiftedatcdhtrblipdibas frenbirany ebskiites.0The water
bubble paonrlrte pr;gsrsfalpeetesttnqgthgél %16932111%2 tehe pressure used to force air through the pores of a

membrane which were previously filled with water.

The particle retention properties of the APMW plasma treated porous membranes can

be compared to the porous membrane substrate having an unmodified surface as measured by a
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potential for dewetting upon exposure to air. The
wat er bubbl e point pressure of the APMN pl asm

WO e@ataepor ous nmenbranes of the present i nvene¢DOSANE007782
greater than the water bubbBe point pressure of
insufficiently unnodified or control porous nenbrane
substrates. The water bubble point pressure test
nmet hod neasures the pressure used to force air through

] [ f a 30 nenbrane which were previously . .
modified EM@TWPWPW?WH@ Prthedgescribebity Yighperedpperation Technical
Documedt MAS4 ARV & 808 1 BRLRACBRIoRM o BRI AN &2 US R%ind which is
. conpared to the porous menbrane substrate having an
incorporginddfreindy rsfprynsse lasomsavsairiens pfjthe InGnion 7y is zepected that the
particle ?%et nt |'Io ngérr\gitg %égﬁg eﬁ:s)é c} [ gegﬁl?an ¥/ ‘ : [ %gggst%‘?%hﬂg? i"on " within
about +2[586 lon ilesa) thaDteuwmemidi fied demberead.| abl e from M | 1i pore

Cor poration, Bedford, Mass., USA and which is
I ncor porated herein by §§#ﬁ2§ In sone versions of
the invention it is expg%{e t a% the particle
retention properties of the treated nmenbrane will be .
AURRIPAATIS ATGSHUre e CEXYAVe Plasitd tieamgpbef mpkidavsr (Juppsrt, filtration,
rt) 188 i Bon B ek i B i ' i
stppo éressdrennicroggtgggFggB? treg?ﬁéﬁyggg ﬁS@PI aﬁ@ﬁﬁkgpmnﬂ%ﬂow
rates, porerpyRltage ahd [trepladns timesglipp spac)- O loBisnd gl pie@s of membrane
wre culBAD1 298 A0 850 RRRRCA MRS ona i
electrode (pmsselgttiane is pewil)g andithehitiseronanpfised)piBeexpafimental conditions and
r i O, were cut into 12"x4" pieces and
results agfﬂn%’cggﬁgﬂegl.pl asma treated at various conditions on a
rotating electrode (one electrode is noving and the
Bhddrengtie(max foad)eol]contiod asd APN Weplasina conlificd porousnmbranes are:
. re-kiste able .l . The.strength (max.load) of -
summarf&3h 10 R € 1B L BRbE oy o0 524 FRA s TRt 8RMey Bhan 0%
(substarsiatiphof theit originbh birength and daveinprosed wenabitiat comytiréd asithe control-
, : ) o ,
sample. g?h?q@r T eﬁ%{‘%&%ﬁgpg{ggﬁ%e ?%trr]%an h78 %51}1 kllgatggarx]rtﬂl)rglllé Xgn be greater -
than 80948 kfeatdr thdnyo 030 BRA kAAtdrahid195 % ATHhOintréeddiptoud Metit@hhe. Higher
choi ce of COQdItIOﬂS, the, strength of the nodifjed-
strengthyjz AyaREeORN DEREUST E REBPILS highar ‘é%fﬁfeftﬁ’raéafeé?“r%%ﬂﬁ Yoisgnperatures to
be used ¥MleGhfatapiing Rl Ritedhl9; 4RIt 9RbGdePRIEALSYI BRITRLARS bonding
Hi gher _strength is advantageous because it permts
and cartpdge glakyis IreFESal pressures and or tenperatures to
be used while maintaining nenbrane integrity; it also

PhONdSSH wWitdbRity BF SintlspHerié Plisiaa Ribaidl pdPodHenBrdnki(SiBples 1-12)

. .maki ng operations. The contact wettability of . .
after mla@lrrﬁ%agrné% dayP-andefollpwingertpated anbignisterass. déxmis ats also given in

Table 1.1ThEbon@édWEtdbMityl Flealt 8ATHERI M ouIB¥mBran@8 hifoWihg M APMW
ext ended anbi ent "storage, day 71, are also given in

plasma trggiment imprREedrkativetiower eemra! isagapls besase Fstlimiduridsss MeOH
by weigiﬂpnéﬁflélﬁg%&ﬂol MR WD PN W 1%%@&%& o0 membranes. The

. I'OVG. relative to t' e_contr sanpl e pause a test
wettabiljty folleinigtextinded st@d iRGibshomeidghet roodhadgbn esdabtveettability

occurrecﬁ_g@éraﬂt da%texaél)et oﬁﬁ’ﬁé"éﬁh&ﬁ'ﬁa&é&ﬂfe@ ﬂleoc%ﬁl Hl'%nrs"?ﬁ"?z{rg;%% In sample

9, the contact wettability changed slightly, the amount of MeOH used to wet the membrane

increased from 93 wt % to 94 wt %. The membrane had better wetting properties than the
control. These results show that APMW plasma treatment of porous membranes can be used

to form stable contact wettable porous membranes.
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wettability follow ng extended storage in air showed
that no change in contact wettability occurred after

wQ@ Woday®eexcept on the sanpl e made under the cpemiUs2007807782
in sanple 9. In sanple 9, 8he contact wettability
changed slightly, the anmount of MeOH used to wet the
menbrane increased from93 w %to 94 wt % The
menbrane had better wetting properties than the 30
control. These results show t hat APMW pl asnma treat ment

of por oableenB/03rua FIEE ARMWeplasma peron

ntact wettable porous nmenbranes WD ?()O?LLZGQG
SarnpleP“T/ US2007/ 007¢8aditigns Tabl e 1 0. 03| m PVetatdiyw p] ablex
pprous nenbrane. Sanple Conditions Wettablity MaxLoad
LpatiaGad Gass PpWReweyq| ValgrgeliLine Day Dapdly | Day(1)| ) %
Spemices |FIFlowspeed Rgte ( SLspeddw) | (kv) (fit/ m n)
cpntrol {9324t95% 29 1 {He 3 400 3.7 ﬁ55 94%@4%26. 90%
2{ He 3 85@GIMPB| 65 94% 94% 29 101% |3 He' 3 850 5/ 3 9.8
9B% 93%|26 899 4 5 O BBmI)B 93% 93% 27A95% 5
controle S T % 20 0H% S M 702 3 ?'%{E il
1 oboB& doosd g 12891800367 4 o £5 at0s 456, 41 93%0s [ 1 up®e | 90%
2 o|lHAg | 150 6.858. 8 : 93 0 04%S 26 B 104 B 639 [101%
3 4{9.Mc 943%3 93% RF0924% 513 He/ QB2 {2.9859% 4400%.p 928 89%
4 j %IQé%‘V 23 ?9% Sisdl ) 155;95| m & He 393%0 @3%9 8 98% | 95%
5 9pTrig 3703 THE TE5y|(S d pT (1Te Saupiasy, (1 Tasl e 155 | 57%
6 1 OFHe |ISLMR OYESH e 41T tg ey rl973"’/‘/ 12 93% 28 95%
SILM
7 0O, 3 1500 6.4 9.8 93% 93% 28 95%
8 He 3 1500 6.4 9.8, 93% 93% 21 73%
i : : twice '
9 H, 3. 1500 6.4 9.8. | 93% 94% - 26 91%
10 | He 3 . 600 4 9.8, |: 93%: 93% 27 92%
11 He/C;H;l 2.85 2400 6.5 9.8 93% 93% 23 79%
§lm/0.15| - S ‘
sim . . .
12 He 3 -2400 6.5 238 93% 93% 24 83%

The results for the samples in Table 1, example 2-12 showed that the wettability was
improved after atmospheric plasma treatment. The results show that a polymeric porous
membrane treated by an atmospheric pressure microwave plasma in the presence of a gas
including such as He or a mixture of He and a source of oxygen results in a modified porous
membrane that is contact wettable with a solution of MeOH in water, where the minimum
amount of MeOH in water in the solution to contact wet the porous membrane is at least 1wt%
less, and in some cases at least 2 wt% less, than the minimum amount of MeOH in water in a
control solution that contact wets an untreated sample of the porous membrane. The surface
tension in dynes/cm for various aqueous methanol and water solutions can be found in Lange’s
Handbook of Chemistry, 11™ Ed. For example, the untreated sample 1, initial 0.03 um PTFE
membrane, could be wetted by an MeOH solution with an MeOH concentration equal to or
greater than 95 wt% in water. After atmospheric pressure microwave plasma treatment, the
modified membranes could be wet by 93-94 wt% MeOH solution, which indicates better

wettability and reduced surface energy of the modified membrane. The results also show that
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control sk@fid, initial 0.05 micron PTFE membrane, could be wetted by an MeOH solution
with an MeOH concentration equal to or greater than 97 wi% MeOH. After atmospheric
pressure microwave plasma treatment, the modified membrane sample 13 could be contact wet
by 96 wi% MeOH solution, whicH indicates better wettability. The results show that the
membrane retained its contact wettability following ambient storage after 10 days or more and
after 70 days or more. For example the APMW membrane was initially contact wet with
various MeOH and water solutions to determine the contact wettability of the sample and then
subsequently the modified membrane was allowed to dry in air. After 10 days storage in air at
room temperature, ambient conditions, the dry modified membrane was contact wet with
MeOH and water solutions to again determine the contact wettability of the modified

membrane. This wet membrane was allowed to dry and after a total of 71 days storage in
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Sanmpl e 13 showed that the wettability was inproved
after atnospheric plasnma treatnent and that the
woreosnzgve7 r et ai ned greater than 80% of its streemUk2007/007782
The untreated 1s control sasple, initial 0.05 mcron
PTFE nmenbrane, could be wetted by an MeOH sol ution
with an MeCH concentration equal to or greater than 97
wt % MeOH. After atnospheric pressure mcrowave plasna
. treatnment, the nodified nenbrane sanple 13 coul d be
ambient genfitiens the dry mpdifedmembrans véas confash WehwitbMeQHE; gy water
solutionsbt%taggirn NREhARL bl Yot SvetEBiti SF BB ﬁlﬁ@& rr#elﬁﬁrane.
mentrane retarned 1ts contact” wettability follow ng
anbi ent storage after 10 days or nore and 20 after 70
days or nore. For exanpf BRWV menbr ane was
initially contact wet with various MeOH and water
Uit U6s HllcHREEIFE PErobd rehfRhRCind' @ DS allblon DTIH pblots
sanpl e and then subsequently the nodified nenbrane
membrapgiollgiingelignasphary pragswe miciaye plagmedyentment weps fjrpt wet by
. . I
isopropafib, i <08 B KT, ShH B B b LB PR kit Gple was
put into digk hvldensndey resfedint atek soakedia distdladomatacin aeatediave atyl35 °C for
. [ e I
omin. Fhe belGnfERE b0 arer np TRl Aing MR 008 L REAREAes Bt and
APMW Wasi20 0izAtEA6AGbRGE) W2 0041 0eT B&Rre 881 aftdyiaaftclave with positive
ressurecg?%'bti.o %&l&e dr% vrVTHDdil[‘ri elg menbrane was contact wet
pressure gl | 2RBOPIHE Fac & e dhs to again determine the
contact wettability of the nodified nenbrane. EXAMPLE
3 Untreated 0.05 mcron PTFE porous nenbrane and 0. 05
m cron PTFE porous 5 nenbrane follow ng atnospheric
pressure rn'crrgﬁﬁ [ i st wet by
i sopropanol ; t e?%?%o?%&@n%ﬁﬁ%%%@gtﬁrﬁsv&ger
COI"I"“+€T;€J|7‘*. Hre—porot TS |au._Céa||p= € \N@S"—‘pﬂf—i"ﬂ't'o
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t r ef@efistesanpl es—feont+ot—aht—APMApastitFeat-et-
MENAEVM® was qt%%sured bef 8¥% and after ﬁﬁ‘i/dd_ale_m_t h
posjtive to pi®84ure at 14|Rpsi. Results|B% shown ig
Tab 3. ¢1.36 Aut ocl ave|lndh- dewet ti ng |@%st resul t
0. O?ﬁﬁrﬁr%qmﬂ ux (L/nR24isd5 Fl ux | oss |@Ba&f ore
Aut ocl ave After Autoclave 0.79 0.64". 19% Before 0.98

APMW Gihbspitic pNVWOmEdoWavepladdifaredfeier APMV 1. 26 1. 31
0% 1.39 1.45 0% ‘

For the unmodified membranes, “before APMW?™, Table 3 showed that autoclaving

(0]
e

resulted in about an 11-33% flux loss caused by membrane dewetting. However as shown in

Table 3, the APMW plasma modified membrane samples were non-dewetting and did not show

any flux loss after one cycle of the autoclave test.

Table 3 showed that the flow time of the atmospheric pressure microwave plasma
treated membranes did not decrease relativé to the membranes before APMW treatment.
Without wishing to be bound by theory, this flow result may suggest that membrane pore were

enlarged due to stretching of the membrane on a non-optimized tensioner.
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Table 5. Frequency (13.56MHz), 250W, pressure 300 mtorr, H> flow 100 sccm.

Membrane Flow MBP Max Load |Wettability
Time (psi) ) MeOH
(s/500m
1IPA)
Control 1047 62 29 95-96%
H, plasma 1024 63 16 94%
VP7

20 Flow time tests were performed and illustrate that the flow time did not decrease upon
vacuum plasma treatment. Flow time tests were performed with a UPE disk holder and at 14.2

psi.
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Control 1047 62 29 95-96% BR plasm 1024 63 16 94%

VP7 20 Flowtinme tests were performed and illustrate

that the flowtinme did not decrease upon vacuum

plasma treatnment. Flow tinme tests were performed with

a UPE di sk holder and at 14.2 psi., WD 2007/ 126967
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about 73md,|ffth@@bmf&nbranes with inproved contact wettability
- .and an average strength of greater than about 20 70%

ftéet %egglésrst t#gslegqgﬁpﬁgh%gfsl :{gg gl?x;nanr;%zg rl ’gabtl 6 ang show mogy fied

membranes with improved contact wettability and an average strength of greater than about

70% of the starting porous membrane could be made. The O/C ratio of the atmospheric
pressure microwave modified membranes was different from the untreated membrane. In these
samples it ranged from about 0.04 to about 0.08. Sample 18 had an O/C ratio of 0.063; sample
19 had an O/C ratio of 0.064; sample 34 had an O/C ratio of 0.077; sample 39 had an O/C ratio
of 0.044.

The results show that a polymeric porous membrane treated by an atmospheric pressure
microwave plasma in the presence of a gas including a gas like He or air result in a modified
porous membrane that is contact wettable with a solution of MeOH in water, where the
minimum amount of MeOH in water in the solution to contact wet the porous membrane is at
least 1wt% less, in some cases at least 2 wi% less, in other cases at least 3 wt% less, in still
other cases at least 4wt% or less, and in some other cases at least about 4 to about 7wt % less
than the minimum amount of MeOH in water in a control solution that contact wets an

untreated sample of the porous membrane. For example, the untreated sample 14, initial 0.03
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Although the present invention has been described in considerable detail with reference
to certain preferred versions thereof, other versions are possible. Therefore the spirit and scope
of the appended claims should not be limited to the description and the preferred versions

5 contain within this specification.
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PCT/ US2007/ 007782 38 CLAIB® What is clained is: 1. A
conposition conprising: a hal ogenated pol yol efin
m cr oporous nenbrane including one or nore surfaces
with an O Cratio of greater than about 0.06, said
menbr ane has an LRV of ag:u§3i$ 3 for. 0.1 mcron or
smal [ er particles in wat T Td mcroporous nmenbrane
is contact wettable after 10 or nore days with a

What is claimed isn of 96 wt % or | ess of MeOH in water and is
non- dewetting after autoclave treatnent at a
tenperature of about 135 Cin water for about 40

1. ATtddpesitiod corhPhsig@nposi tion of claim| where the
hal ogenat ed pol yolefin is polytetrafluoroethylene. 3.

he co sitiqn.of .claim!] em'c or ous nenbra
Ao St T Do T G i, D14 A BOre it aces with
ahmmraﬁo\ﬁfgﬁea&aﬂhmﬁwuaom 8did andrhibak BESarBiR W of3 least 3 for 0.1
m crons or_|less, 4. The conposition of claiml where

PRIREOTHPTSRA 57 BRRIclRs ip atRs, $aid myftoReTOURSRARIERE {5 cmtagt wettable

afiel Yo bPthoRé Pk W% Q61ukiea ok WMBLGE 1d3s BEVRODIBNWhSRT and is non-
non-dewetting after autoclave treatnent at

a
dewpimeartinr @uiprlays disptmesy ata tomperplre phrboahddt °Gdn water for about
4@11{1%@&. 5. The conposition of claim1 where the
nbrane has one or nore regions or |ayers. 6 A
fllter conprising the conposition of claim.1.
2. TheRemnosition oficlaimel wherathe halogenatpdpeivpledin ip aglmgaéluoroethylene
t han about 200 ppb total for extractable ions

3. THéCdoﬁibdéﬁldﬁ&iMléiﬁ? BAllefeQdicidporBus fRthbeA{HIRS lal WD st@ngth and a MD
aim1l wherein mcroporous nenbrane _has an QCratio

strength gf alsaticl2 woDe Yhn bt mempganehas pBickBeRsGOPYY Hhmerons o less.
claim1 where the hal ogenated polyolefin is nodified

4, 'lﬂi%' dbhﬂidsﬁfdnl&f c‘l’ﬁhﬁﬂvﬂ@& thd GhicdpRRSRUReRBIaME R ddhtact wettable with a
rane that has one or nore surfaces of the porous

solution Bg ng e or leppoiMsRE inpyater aed chmdeml%% 1jqutoclave treatment at

a temperﬁﬁﬁ@ ¥ EBout185 OB Qv At AL ALt 2 Binudes. The porous
pol ymeric menbrane of claim10 where the nmenbrane
conprises, a hal ogenat ed poI yol efin. WD 2007/ 126967

5. Themoppestionpef e 1 yherpthe membrane has ops grifaprecegions or layers.
menbrane of claim 10 wherein the O Cratio of the

6. A altetlSomprising the composition of claim 1.

7. The composition of claim 6 wherein said filter has less than about 200 ppb total for

extractable ions including calcium and sodium.

8. The composition of claim 1 wherein microporous membrane has an O/C ratio of about
0.06 to about 0.08.

9. The composition of claim 1 where the halogenated polyolefin is modified

polytetrafluoroethylene.

10. A porous polymeric membrane that has one or more surfaces of the porous polymeric

membrane modified by an atmospheric pressure microwave (APMW) plasma.

11. The porous polymeric membrane of claim10 where the membrane comprises a

halogenated polyolefin.
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ol efin. 17. The method of clfaimb5 wher éin the
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conpri ses a source of oxygen. 20. The nethod of claim
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: isting of water vapor, an al cohol, air, and
hﬂogen%%ﬁ%?ﬁ“?%@%s of these. 21. The nethod of cIa|n115

wherei n the atnospheric pressure mcrowave plasna
17. Tormettodofxlaiobt e vresein e RA0Z¢nbaEOEyolefin is polytetrafluoroethylene

4 22. The nmethod of claim15
oranméﬁi EQﬁﬂgﬁéﬂgreaﬁﬁﬁﬁ%orous menbrane i s contact
wettable after 10 days of anbient storage with a
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atmospheric pressure microwave plasma continues until the contact wettability of the treated
membrane is increased such that the treated porous membrane is non-dewetting and the strength
or average strength of the membrane is not reduced below 70% of the strength of the untreated

porous membrane.
19. The method of claim 15, wherein the APMW plasma comprises a source of oxygen.

20. The method of claim 19, wherein the source of oxygen is selected from the group

consisting of water vapor, an alcohol, air, and combinations of these.

21. The method of claim 15, wherein the atmospheric pressure microwave plasma

comprises a noble gas.
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22.  The method of claim 15 wherein the treated porous membrane is contact wettable after

10 days of ambient storage with a solution of 96 wt% or less of methanol in water.



