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- 1 - ATMOSPHERI C PRESSURE M CROMVE PLASMA TREATED
POROUS MEMBRANES CROSS REFERENCE TO RELATED

APPLI CATI ONS This application clains the
benefit U S. Provisional application no.: 60/788, 802,
filed April 3, 2006, and the benefit of U S.
Provi si onal application no.: 60/833,570, filed July
27, 2006, the contents of these applications

i ncorporated by reference in their entirety into the
present specification. 5SBACKGROUND Filtration
can be used in the pharmaceutical, mcroelectronics,
ATIOSRHERTE ﬁI&@@bUﬁﬁ%‘i@R@iNh@E’Pﬁ)&Sm PGEATEIAPEROUS
process purity ese applications, porous

menbr anes can renove pMEMBRANES i onic, and ot her
contam nants from fluids. These porous nenbranes,
whose po ' fon
(appr oxi ‘E.%‘E%S;WEW U9 RETATD %“}l‘affl«??ﬁ%m

,éapprOX|nately 10 , can be made froma chem c %é
n&mnﬁﬁ&m’éaﬂ S Brpyisianabenpjication nﬁaﬁm 8,802, filed

April 3, Qﬁdé avenoBas4: %?'Lﬁ flﬁﬂo‘%{bﬁ&féﬁ‘ T%ﬁihfaﬁoﬁ hee 6@783@03"7% $l&Lruly 27,

di stribution, and i ckness. e size of pored
2006, thmcen@p@r@abemhw@gs nperprAigd hyrrefeh@lcsrlu éhelb¢ntfrﬁwt0 the
present §ReHicaflo}l to about 5.0 mcrons, and can be chosen
ependli ng upon the particle S|ze or type of inpurity
to be renoved, pressure dro re i renments, and
viscosity requirement BOCK plication. In use,
t he porous nenbranes are generally i ncorporated into a
Fif¥ition chlibehst® irP@aRhefndRuhiSall M&bLIBGrMitd)icRedidal #hdlfood
streamto effect removal of particles, m croorgani sms
industrigs;to pre e peodurbindaTesess Pufity; bsthesd applicalions; RefoyA mgmbranes can
Miich1ab@ B8 dnd HEHoh ¢ hiddy
remove gr 0C esa S H ul ciina hr ou gr? Z%ﬁﬁ ngﬁeg %g)r?g Palrﬁg P?%%?ro EJ%}]SIJH Smbranes’ whose
pore sizelcdrf mngn o thendssfiltrtien (aysotinmtely @moananm mlim‘oﬁltratlon

oot a2k T SR e bR Bt RS o

pol)merikﬁinrag‘nf hdd l@dv%dn@éﬁ@bleﬁfé@&tﬁnpﬁ&%%iﬂe%r%%’s@é? HRE&SoUtI, and
rous nenbrane and the nmenbrane is subject to a

thicknesse IH& 14541 PETFAY gucrpRPEoYsTegRbiaBcypaT BpEn PP e el af Gem about

0.01 to db%%ﬂb Io rhﬁ:r&ﬁeaﬁ @eﬁi 8 é@sbﬁ’ ﬁe;%nd‘m%?'tﬁ%nvtﬁg pgﬁﬁz?é SIEE mepe of
liquid, the liquid on the upstream side of

lmpuﬂtbbf@r‘zﬁﬁw%rraﬁ%wrﬁa%ma TOGRIFRTAGTE?, ang rvex@ﬁslnatqq@nements of the
apphca.tfg)'nS BPhLthedRRESs &Qﬁﬁr&r@:@ a}é Qéﬂepalmng&ﬁogﬁwﬁﬁé GANRE Which is

pOI‘ ous nenbrane. Thi's occurs because gases
adapted &g, 1r§§rtaql withimg Suist sieaaet toseffash Fmeval oA pitiglesdmicrporganisms or a

lut ﬁBhQ?%E Jres than in liquids at |ower pressures.
solute eﬁfglqwd passes fromthe upstream side of the

porous nenbrane to the downstream side, dissolved
n ut of. s on_.and form bbles in.
ﬂﬁisdeﬁltz%ﬁoxa of ngnf; ratléaﬁx 18 g%éﬁgr r‘%ﬂ% gll.;]t by S%ﬁsflgggéje PIacess fluid through
the merthmﬂ ﬁ]tttramdena dfffegamal Presounehoss ties membdaﬂeovh&h creates a zone of
ass of the .lLiqui.d. Qutgass ca
higher PSSR AP vBerariridt LI mAvRORE eApp e ieim S, Liquids
bemg filtiréd expaﬁdnadlz a PBeskDRQIreS atoes {I#e%ﬁls?ﬁ&haiqudh% 28d 36O Méatbrane is
subit 35 Reks) St S S % 4 Siiationof
dissolveﬂ %@ﬁ&eﬁ&nltﬂe I:Qtﬁlﬂeﬁ@tlld{u €d of Eh@u;fsﬁ%ﬁkﬂ%defbﬁﬁ@?bﬁﬂis membrane has a
nposi tion that results in the formation o

fugher CB?CE@&@U% ekeéissolyer eanes dhanrthe Liguigk orathﬁ&omtrﬁ@ﬁﬁf% the porous

membraﬁkl U6 St Afs bedhubéSadey RineRlak YirUpagd gré‘atélhﬁlﬁ%ﬁﬁtsf B Hfi&s at higher
of pharnmaceuti cal s, seni conduct or devi ces, and

pressureg ﬂsaa iy Jgpuadsrpt flgwer rressyEdsy Aith ha@ﬂmaysemfma thegystrga@cside of the
porous M&thBfane Q@ﬁ@ﬁ(ﬂﬁls 5&3855&14 agsshivg& 'gg§es ¢ Qa&'ecou% Qk'gﬁ[l{l&n and form

such as al cohol ot her s ['i gur ds chem cal acti ve,
such as concentrat ed aqueous aC|ds or bases mhlch can
contain 10an oxi di zer. Menbrane filtrati on of

these chen1ca||y actlve Iqu|ds beneflts fron1the use

o e g, r - o g, R o o
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to nore hydrophilic. One nethod described in

I nternational Patent Publication Nunber WO 03/070784

di scl oses a nethod to i nprove the bioconpatibility of

a menbrane by exposing it t®@ a reactant solution, for

exanpl e sodi um hydr oborate and ant hroqui none in a

sol vent |ike dichl oronet hane, and exposing the

menbrane and solution to heat or UV. Internationa

Pat ent Publication Nunber W) 04/.007060 discl oses a
bubbles jrethigdiguidbanehel fmypq:rpiugmmhsm%n'fﬁcas Ubhis precipitationof gag is

commorIrlrg ?%fgﬁgé ﬁv o lﬁéﬂ%hg i 1?%12?%1% t SI #fcﬁ’ atsh%u-li—ril %ﬁl? also occur

spontaneghiskyhwithont ageassuré diffeedrdial axionges &id leqwﬂ momaidsahssolved gases and

. Iy re exten3|v ft . .
there is Qngnnglrng c%'}?o{hgag?s%s tlo come %ut St rsc%;l%l{}g\g,p F\J]? ?13 Pytgiﬁ%t_mg sites, a change
in tempofatatd) ek al&hhﬂgﬁintdhemi&ﬁ chim‘ibmibn khat ré3LRE intheBoanatdor 6f bubbles or
to co t PT dro hiilic (Senlcals as descrhbed

gas pockefs R g;ﬁo E%\ egﬁ)rﬂ%| utgassyye liguds typically used in the
mwufa@%@%ﬂﬂﬂébeﬁﬂgalb Nefifi Cbtdubida devivéss Bhd Bispldys 3hh ﬁfbll?(fé very high
Nunber WO 01/58577. Coating porous nenbranes can
purity walesPAogaleh AYrier. PRrOxils onkaniag MayidsoPreene so ‘f?ﬁé%ﬁ“ﬁb as alcohol, and
others hfﬁﬂ@ Eﬁ&ﬁﬁ:all? QURVE rsu&lh&‘s ERRbhed SqdesBl aaildl br BRI WafcH fan contain
mbrane Trom a sol vent, for exanple an organi c
anox1d1§@1 vent, and requires a curing step. This coating
process can nodify the pore size of the porous

WERBt ARG 18300 bEHES cl?éi‘ﬁi@h lacti&%sl 1&%eﬁ?seﬁ'§rntt9e B& ofa

renoved and di sposed of he cost and tine

chemicajly ingre il PLi9P TR TRRTRRRANY) gegrzgmcyl Fnglngoefl iatagribe whisghgan result in

t tﬁlexﬁ'&téii% Rieaséd FonBEHIRP Q8ringuse, RAHBLn NG de fr
exiacta 82, 2565 e?lfgscl oges radi qt;? equerﬁ%? ( RF vacu%lr% tS Sa]rgzrlna{3 om
halogen@tp'é aplm@fm@rmmpmgorme qontsning eoletadi&n pabdefrafluoroethylene

t

scc com{Holl (uBl7ea el apficarlofl 1 e FEABLARE iR R Afknown or
their chealmsall iosetuess ad ekhfﬂlamemsm(e it chmnaicelchtteck a il luorine containing

potyme SRS bV A5 oS o PR 10 P B S ymbranes
made fr(Wﬁ lshch E@Ityrﬂeas/aebﬁffituuhu et Svitht mﬁ%& Bqudts 61 othdr Bqﬁlhﬁtwhich have
eric.pressure. or orous ne ra ct w.t
significantly EXPAlEh EHEe LOGIO N (Hecumiige FAIEY 7t M BPERES IHSIRE the
ﬁ1trauorcamng&sfﬂgquld¢>walﬁ&%r@ho&ﬁ@raﬁ@nﬂam& mb?éors@éhln@mbrane can

| ead to weakening of_ the porous nenbrane.
provide guglgatingsiiegitor JisRuLcdafes [ueome U crfrﬁpm&@mrﬂ@r ﬁrerﬁamforce of

the preséire dTEdr8mEdl @ﬁrihg hdM ftEAh prédes®f GasAVIALS cBPREYut Bf lution at these
m crowave generated plasma in vacuum conditions. The

nucleatipg, pitrsOHbE Py drophebieanembragmsyifatesr wgludsidegnterigr pore surfaces and
the exteSSPOLBnRRHY SErit¥de8N&n thin fE ﬂ%é@fﬁﬁwﬁ'aﬂﬁe&q}ﬁ th9membrane. As
pore in the range from1l mcron to about to
these gappeeknisgrorhim drsdnptppoatigaekoyigessBigd they ros:ebegm to displace liquid
from the:fﬁ?c{m9§f {h'e%ecmﬂlr 13 Qsﬂh&i"‘%ﬁ J%?W:J t‘% %ff@@t’i\peuﬁlt%@ RIS thg{nembrane.
ropor ous menbrane o atively 1tnert polynmers |ike
This pheaREnonus usuatlytrefeatcd do as dewetting o€ thecpqmesmlarré)raxm dimrerthe liquid-

wetted, glplrcg.ﬁﬁ tfﬂﬁtd@ 'rfaé)ﬂc's rr?wc&r"gxﬁélt(ﬁg gg l}%ﬁ é}d@ allielrﬁlé%% conﬁglé%dsmt% gas-filled

portionsnon- equi | i bri um pl asma (Shenton et al. |. Polyner
Science: Part A, vol 40, 95 109, (2002), and Shenton

et b o ok o BfHnn Ein g ST s biat Panel hen iy membrene,

such as z(hgahbphd)blofrnemlaiﬁnbwmdmh)aﬂ apesussiigid, aSexgbﬁﬁlSte a gas such as air. It

rface cont am nat i on

has ber (388 ¥ AR oot g iron R0 SFRITS ore Bedudnsb s more
pronounséd rcflusrecarbehbagal membedned. 1t Hae alsorB¥eh Bbwld thanthp @&t s which

commodity pol yner substrates such as HDPE, LDPE

pol ypropyl ene, and PET. Shenton observed enhancenent

of the surface properties such as the surface energy

of the substrates. 15 Shenton et al. did not nodify

th|n ~porous nenbranes and di d not _prepare porous

- o ey .. o,
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10 produced at frequencies as |low as 60 Hz. The

surface energy of the nodified filns appeared to

decrease with tine foll ow ng atnospheric plasnma

treatnment, sone decreased by up to 20% or nore.

T. Kasemura, S. Ozawa, K. Hattori, "Surface

Nbdification of Fluorinated Polyners by M crowave

Pl asmas, " J. Adhesion, 33: 33 (1990) observed i nproved

mettablllty of mcrowave 15 plasma treated film
dewettingneghxsds gqatermgmﬂgqongmpe menihranes suyphARY.2 microns or less, than in
largerpo\{g ﬁe%‘eﬁn&f the invention include conpositions

nNprising a porous pol yneric nmenbrane where one or
nore surfaces of the nenbrane have been nodified by an

TEuoaythe membyees Siteedewess vikntime, APhaspmysisaneng diffieult to purify or

Fiter thfRe A OHERC LS R P (B ot BRI 0 B g e instaled and

thereforewadrapletalp wrce Msmlla’tinh wfl newrfitentreofetib® bhe dewwttfdter) ar changes in

process %.?ng'éf?ernggts ‘3«? l %l}ﬁ? aC 2 nc{ éthv ér“a?slta () anﬁtcf@'\g’}’x\érhp Jgﬁaeﬁﬁnt?ﬁg costs for the
user. Re}mttrﬁg 19ft1nMﬂsM1mtoﬂen utiliges fdramablediquidcwhich@hust be disposed
£ and ol.ution thathﬁgntact wets an untreated, neat sanple
o1, an rSﬂu‘f Be MBS SSHEM | n some versions of the
i nvent i on the nmenbrane is nodified while in contact
RIF neenibodmet sutfaces Rate ioda tehtethte nitilifyl theirpro@riesdndngake them

more by o R PR Bl ar o pr s o §ofiber wo

03/070784 discibseeahictinRbto improve thsmoﬁﬁfa&bﬂhﬁ ofh nidifibrane by exposing it to

a seactafy Sofiony BrFampis TR SHOL PGS FRORR RN B poglvent ke

dxchloroﬂi&tﬂﬁeeﬁ&)&%@fr@ the ﬁléi’xﬁbrﬂi‘i’é EnBINHRGED ]@‘at bheVTERrAdiRnal Patent
a_ structure _and chem stry nodified

Publicatiusier MO DHEST 0P8 A Erenaietws thIastie bTER mamprane via UV
radxatloﬂr H‘Pth@ AR e SRS, Mr%@mhc%lé" Ofh e ‘P@étﬁd)cﬁﬁn@@l% use of sodium

table wth a solutlon of 96 W% or | ess of
contalnmat@rgem iWhichpanyrespls an mgtad grisnctablss Gom @etm@mbraw: md epqmre

extensw%l(ﬂ %rbf?ltl %én%ﬂ%el’t‘gﬁggﬁ 1 h%r*t?/ gph%atlgﬁs ék{/s\t]her method to

make h)plqushth Bﬁﬁﬁrmgnhgmas sdorcoat BFFR xyiperydrdiplelic chemicals as described in
.. PN b P0G S5 R0 L0 o PER PGSR AFo R pon
Numbenﬁ!&flﬁzfﬁ 68577 n"Cosing pmsusohetdb@arms rcanl be ueerbroachange the surface energy
the.0/C ratio characteri,zes a. nenbr ane
of the oA e dotE b e LS Htke  Sniliet 83 G rame from
solvent, @br axalif)tian drasiesolveiearl relgired ntutity asm umhlsm‘oaﬁ@ﬁocess can
n water P the first solutiqQn to contact, wet {he APMWV

modify e 8RB0 FieGt PoY D ORI AEE S e GalaTosto ot peegato be

removed AaNdispeseliofl abtiizatBhéoso indvRfiE fomeéaibesind Madufacturing.
reference or control solution that contact wets an

91 FBiRE pwiSe ey nirors PLFR SRR egn g it No.
5,282, 9613 ditsctlb&shﬁ&ibﬁﬁeq%@ﬂ(cﬁ (R¥Fpesuliy piisnd trélftd PTFE mranes at

rsions.the the invention the O C i th
pressure Wte@&bﬁeh%ﬁéﬁeﬂgaﬁ%éee 1R gffegengabiane M%%Q)a%tw@ 23 prevent

membrafB ¢ibaild Btbak Hzd) it Wl a3 Wsdl6deditRatThé MRnffradd iR PlAdARE bR Blectrode-to-
the O/Cratio of the nodified nenbrane surfaces can be

membrage digtaice 96 &om d 1920 gAY 19 BERYENiPrgyoid damage tg the mestbrage surface. It
would nbPEaRYLRH SHIRME e tIHP Qisﬁlogtgre*%ﬁattaiﬂxﬁoé’ﬂﬂ@ﬁzﬁggsrshfe or porous

pressure m Ccrowave [asma in version of t I nvent’l on

membraRg gentaef Wil thef ¢lpetrg ldpowisd tamepdifir phoibsape wiikaut causing fibril
breakaggﬁk%e:n%bré%t (ngrmé%iﬁxa gté%ﬁ ﬁ%%{ 1 r}(]%%[)ﬂheﬁ@’{g‘lg_‘ggmﬁane
waterin the first solutlon to contact wet the porous
menmbrane is at least |w% | ess, and in sone versions
at |l east 4% 1 ess, than the m ni rum anount of MeOH in
water in a reference solution that contact wets an
untreated sanple of the ~porous nenbrane The contact

YAZ 2 2 1 o " o o,
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20 LRV of at least 3 for 0.1 mcron or snmaller
particles in a liquid |like water. The m croporous
menbr ane has one or nore atnospheric pressure
m crowave plasma nodified surfaces on the nenbrane
that are contact wet with a solution, wherein the
m ni mum anount of nethanol in water in the solution to
contact wet the treated porous nenbrane is at |least 1
W % | ess, in sone enbodinents 4 wt% | ess, than the
U 6. $ided rdiselesesfa deridedanimplamantieg amethod ef incroasiog 2ge
A4S0l gt i
wettabﬂﬁg r?g% g)gr?l}é_sl::ﬁoglyig a%@f‘%&%ﬂ V%a{#% e}%}g&%}? gxt gﬂﬁgﬁ{)&fﬁhtmm The
porous tndidsare alade drog ahl@eépoWdtdsafor Bhanpbtnoéjmthylbzye a6 fedmemarker tips

having £ B3 bis @ ot REGERIo Sho @i RO Bord. RiF 0BG doBnot

discloseSdofpoditivns ef 1rﬁlﬁﬂt@h&w¢ﬁiﬁqd'otr&:ﬁlﬁeﬁ3rﬁe§{w miefd;foam mBmbrane of

v PSS DB TR Bl B AR SAe St o poros

materiale WIBSRRSIE WetiabRES dh@ hifihChtRnaime pl asma 30 conprising a
noble gas or a noble gas with a source of oxygen. The

heric pres raowave plasma no

(BB Sp OO Re P A RS BIBOR A GoreA-Dy r | Rlagpa GShenton ot a.
J. Polyme@Scibnte Pt ANvOY 4G; 96H103 (JDANY,i dldeShehtdndet lal. QUPByd DK pplied

s the mcro orous ol yner
Physics aaaR el ST A BReuon GhTed RELat SlsapeiFemeval of weak
bounda) 185606 B £icaV YéledeBTR s 1€ mtcom&um?org uslosgmkatg and

the m cropor.ous, nmenbrane can_be rmdlfl ed in pl asma

branchipg, apd égﬁa%?hﬁmlgg sirughine gpdgicaggy@é‘ Q.1 tphkmm tthk non-porous
commomnpaw%} bidiGrafi’shar s MR, mmﬂalpyﬁaﬁylee@ al@'PE 18 Shenton
ygen to carbon ratio that differs fromt
observeﬁ @nh«'mcamt @fitéatsﬂdamepmlﬁ Birdrasihe mﬁneaﬁmérgm of the substrates.
I t
Shenton neg a’l? fc?e OQ%P i’fg ?czlcstﬂé%?glteagg% Qxéneﬁggq}c}tg e?wﬁreapcgous membrane
contact wettakje measersdly \Muéltlpag tam wettabolitytbat weretrebtdewsittitg and that
S n OH|n er, where the m ni num

SubStamfl%n?ﬁ}efalg%% g)ﬁfsef rrl?ewa i Sltrr?\rqﬁtft?e first solution to

contact wet the porous nenbrane is at |east Iwt%/| ess

t han the m ni num amount of MeOll in water in a

Vet deedte 630971 ddiscloses REptmesphsae ylﬁmmqtmame@f porous
. - V.
membrﬁegaiaglvlgmc{egﬁc RRLAYS Eg{@\?gg@y %tﬂmg%ﬁ%%}czf RAShe BRathli&t Qas reported
to improwecthe pydronbilivamrbpeties efithe aeesbrene (yeobesheet: lirsicediotet 10 micron

pores of%oqucﬁ Sl %luc%ng%ié)éavfztraﬁﬂ%?g } 9’ l%s&ﬁp]@?%ﬁ%d(bpﬁﬂc infiltration

versions the mcro yner c ne
had valugsdessitigarf steat H8%windicalieg atanﬂBqﬂmous:mpMM avert ooooenEetely
COHUthegiggV&ﬁgggnEQt mnth a plasma conprising a source of
e at nospheric pressure mcrowave
pI asrra nodi fi ed surface(s) of the polyneric
m croporous nenbranes have surface functional groups

Hrd Pt N 589, 518 diselpsesiabgosniiesic prepsums R plagprad 1345t Y{Hg)
treatmelflt' tﬁﬁasﬁe fﬂilk}egﬁegg V%a{cléx'rs @Pﬂrf]@{aﬁ% tP%e%géxp%ﬂ%HHﬂ@ Short

treatmemdnn@a: tfonmclarrmll@lﬁ).c& @ond Sreadprdsrveere sised fdr@asm bpudahpadgropylene
sample {oh let Hn%m wa er W nmbI?h ph ege 191% %PSH’V%I% no i “telfi{el’é%]% avettable, and

arence Wl con
appear tsamphaa fﬁémtdbeupb t@aisoura flseeone, ah&hmtmntth&em&ﬂhomibé:dpbsme times and

use of tlgglgtgﬁ?t%gcl m&? gﬁ\? \Iivglfetel%? g re% [ %@gge:&gtgefﬁbstﬁ? al%%g treated. It

would ngotave een Wblvjdm o s dnger e mepniihant founflndespldli€materials,
os ]\?ﬁ' (&rwettl n h t hat. .t he cog{ggoii ti oniﬂrt mai ng wet
pecially pp, thip amoals raBS?at“éiE’P“h&a‘ﬁ BHes Ri A ™M HuFs:

The m croporous nenbrane that is atnospheric pressure
m crowave plasma nodified can be a single | ayer having
pores or a distribution of pores that provide sieving
particle retention. In sone versions the m croporous

nenbrane can conprlses one or nore Iayers 25 mhlch can

L_,..(
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30 days with a solution of 96 wt % or less of IVIeOH in
water and is non-dewetting after autoclave treatnent

at a tenperature of about 135 Cin water for about 40

m nutes. In sone versions of5sthe conposition, the

hal ogenat ed pol yolefin is polytetrafl uoroethyl ene.
Ver si ons of the conposition can be a m croporous

menbrane that has a web direction strength(WD) and a

10 (machine direction strength) MD of at |east 12

WidnPah Noadell 81218 disshnea inconparating hipekavs guctallis Jeyegdn one of the

ctccoul 5 PR 3 LR, RS PIEQ ek I CHORRLEN

substantiailyl a&ms;ﬂferivqﬂbtsm anglt o waddo idiffuserthchmghtthe pgroaﬁ laeter, thereby

forming S o Y i MRS b S s Bt bt
and polyﬁmﬂawemﬁlthmtb EEbaated Atbrimoalyoused Gt tHH)ﬂbGd-rpagkayith idustry, were

Jayers and have ess t han abput. 2 ot for,
teated if N BB 28 e SRATE DT T o SPEP B GO AR oo s used in
the 60 HENO QY KB Ntagt RBtHBLEnstafehBlc i fiERAcH R B FedtBBD IERNSs disclosed that a

surface ranges from about 0.06 to about 0.08._ The

steady géﬂw flischarge cPRld Ysoraducede srbstantiolly Iswerfeayensies thangyeviously
possibleaMBRSRBES | Wéré"hﬁxrr@ﬁ‘ﬁlt’{&y WAL RSER 4 Nl £ aRd §66P gloﬁed@charge was

sour ce of oxy q in sone versions a source of
produced sy §ieauensiasrasilow as 6@&%1 oFhqwpfase gasrapnidee modissl filmsrappeared to
decreaséjtwvitiﬁflﬁe %Jn_%m ﬂ%%ﬁn&%ﬁeﬂ@ﬂfa&%ﬁéﬁﬂ&tswxﬁ @créﬁ%gti fo&%g to 20% or

ous e can have an oxygen to carbon rat

more. that differs fromthe non-plasna treated base porous

menbrane. In versions of the conposition the 0/Cratio

PIRAsRfh S k85 f(a@ﬁﬁSHa‘@ﬁ &E'Mgélﬂ%aﬁ&{ Qf'ﬁlugﬁﬂ QE@ PBlymers by

that 1s honngeneous y wettab or contact wettab
Microwgye Rlagmas,§ | fdhesione 83 MEDH 990) Waste@sved imrpeed Wetmhlhtymfnmcrowave

fg olution to contact wet

phmna?ﬁg&@gp%ug¥ﬁgﬁhﬁg%égﬁékl g§¥élmt@6less than t he

nininun1annunt of MeOH in water in a reference

solution that contact wSUWMMARNM reated sanple of the

.eorous nmenbrane. In sonme versjons the of the invention

prsiqus of the inyertion ineluds ¢PMPesitions seBPHEIRE RO Al HBEEC
membray e B D rp e Ml aRY bk B 3o SR ikmospheric
pressurqmmrovaave(@]’hﬁm\phsmo dhe olasmaumddﬂ‘ eddnsmbrfaac &(®n-dewetting and
can be \#Q%n c% (;Jn% aDﬁ)trsP yoﬁa{‘&P’Bf %?%tng ralaﬁ%,f%ﬁer? %{/ l%gﬁg{unll gmount of
MeOH mst/atabinethe a'm;t sphei‘oarta bbl;ttact)wetatme AMtWi blaemam'wdiﬁad porous
OH in wate

l.ug i
menbrefg bR B a? P SB R o HEP L i Ko SRR o oo

solutionpthatommtsma Rt soareuntseasdd, heaﬁ&htﬂp\hi 86 the perduBanerhbrwanel i snme versions
nt of Nb H n.water.in refer ol ution that
of the melsﬂ?%r& fh%fng Lane %ﬂpgg‘{eél @ éll ngqc%tvxﬂ ;bfﬂiﬁw ele&rodze of the
plasma gﬁ%ﬁtﬁfgﬂdew&’td ’I‘T\Bfﬁidi‘nﬁrhﬁe vl lbélbstddl ihwafibud feisks Foif iex€ @fd mass
|alh% gvgg g or is essentially stable
tranSferé’F‘t]B m% igrs, afd g MPHNCEt npspheri ¢ pressure
m crowave plasma nodi fied pol ynmeric porous menbrane

Soiné azemorfsra thoimveei®i dreRonpoeitioh abmplicing aipmebited Porous
r.emai wet wth I|gU|d af ter cog}actln

as

polymerig, frexy ?Wgrrtaﬂattpala treRenated PRfyo &W‘éﬁrgega OF Blopp Sfirfapes of the

membra@e Hakv8d stm@t@r@tnmhﬁ&ryﬁfo@tﬁe BIESSphdEpRB&ERE Snicrowave
nmenbr anes can be n croporous ranes i n sone

plasma tr@#tmeéths’fbt Plepmampdifie awmbrﬁ@ istepssetiine grbysiizhle with a

soluuonmf@@w@%%r @ésé%me@ﬁ hﬁq/a'té} WIRHSAPOStrQhed B8 10 Vet QR wet with a
can be used to 11 nodify a porous nenbrane that can

solution; of Qe i MePHimmeatérayer s. For exanpl e, the porous
menbrane can have a single layer with pores or a
distribution of pores that provide sieving particle
retention. In sone versions the porous nmenbrane can
conprises one or nore |layers which can have pores that
have the sane or dlfferent S|ze |n t he varlous Iayers

— = . o o o s Y o o o o o o,
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contact wettability conpared to an untreated nenbrane

sanpl e as neasured with different MeOH and water

solutions; in some versions the APMN pl asma treated

menbranes can be contact weté with a solution of MeOF1

in water, where the m ni mum anount of MeOH in water

12 in the solution to contact wet the porous nenbrane

is at least Iw% | ess, and in some enbodi nents at

| east 4wt % | ess, than the m ni mum anmpunt of MeOH in

Thea sirfaps of theanembrase can bamaskfiedh i arbéﬁ%‘é’tplme cmprising a source
of oxygéiﬂtflﬁ?ﬁ&ﬂ la&admh s@rffaéehﬁo&@ireﬂ YSeIBIARE B¢ h?,v R ?’%carbon ratio

can further conprise e acts or steps of bon g the
that differs freop M urgreatedgnembrage nincrepsianeofihg mapusummbmte composition the

r

o/C ratlg %E}%§Eeﬁ?&p£ ?‘ﬁ%&)}@%ﬁe&@%ﬂg hﬁé}oggﬁg%ur%wg{téﬁe VJI&)I cfl ﬁf&?@{lﬁon of
MeOH iawatemn nlicrsthie sminofiumbaasmint b6 Me i srateyus ther ﬁnsc tscﬁetton to contact

vt SN SRR S e T

amount 6f MaDH i Platcd ith r&fofenoe bSc&ited] sahtiutthft@ontactiver Gntudrtreated, neat

s, webs, ai nage | ayers, C i natj ons of these.
sample GEh8 RoHE ST BanG o 18 UL Ve RiqTIihe DB SR HoR ISR Afogehol and water
mixture raaemgcbeso/@os 1€ B¢ &t BRSO 1R 66:8H Ve FRIHRRO 8 mretlﬂvemmn the O/C

roved wettability and i nproved non-dewett

ratio of Wapetlf P SSFRYrRRR Furtases Feslée Betwieep pbeut (06 etqqféfrout 0.08. In some
versmnsFtﬁé b HeBinSéRionNge B/CYaGY Bﬁﬁle%gﬂﬁﬁ%ﬁ SndrRbrhAE suttlct 848k between
se nenbrane. The atnospheric plasma m crowave
about 0. %GW reentdf®Hus nenbrane materials maintain a majority
of the base nenbrane's strength and particle retention
ArPREE bF 8% dao%@iﬁ@xﬁb%lehodxﬁ@d by aRd MBYspHerid ﬁ%bgurém'ld}owave
an inproved and stable wettability throughout t he
plasma j lrlmeeteﬁe e§thsrinygnsiondiaye surkgeriuapiéonal seaups@pd apqrphology that make it
contact RERSIRSR: 2 Aftv I0LAGE BERIOH S wWAlIPHRBR thE nfthi bffount of MeOH
pl asma nmount ed porous ne rane I'n versions o
in waterjin ¥lefifsd solotion becondat web tite pryohs sembrare lematepstel,wtt’/h tess, and in
some v AR 5L A TN SR A s et
solutionphartfdoumcowatsbmummpmklysampla:mthbe potawmanbmhbe Thb oomtdct wettability

ofthesecr:r%alt‘owxp e ren?e %1 ol encr}%retebsurfac 2 non_de\AEt{tiang%d
contaP A5 olym ARG EPIEAFES T5edis fprghanged or

essentlaﬂy uhdumged ah@smnteﬁﬁ@itmﬁﬁtor ebscieially sabk fon1¢ dagd @nsor! The

t he. pres i.nvention can be used.in a con gs ..
plasma 08T R BTy BTG 115 TEP et et aelghe the composition
remains Rt widNBguitl Rder bontactiighsiafdonadihinglid@idane strength as

t he untreated porous menbrane. 25 Because the process

an_be run r.essure vacuum
R oISt e B8 B 20neshHRhE PR e R Gpated fageified can be
a single d:a@@t' ﬁaﬁ@g}par@dx\u difrivagoioT poras faut bfRAdOEBYing paRRoOtétention. In
nes. Since, an externally applied squtlon based

some V%%t% § POFPUSHBTBBIABE SAHEMBPHAS Gre qisporgdayers yhishycaphaye pores
that hav8BleSsanitoAfferat SRR MR_SriWES takle THdWoroR! ﬁ@ﬁibﬁinefcﬁﬁ have a

flow | oss and or added extractabl es can be m nim zed
thickness and ¢hrapird! rasistancs spijable Erdtssisteadgd nse in sofoe yersing the membrane
is less tnaarubeué%ﬁb RRETORL M9 TREPERNS ARERLARE ol BE uhdRdi Ty
he surface of the porous nenbrane 1 n version of the
present i nvention, the porous nenbranes and nethods to
TpaieEsiphe the drentiomtthRrPomAtetion of migrpvend PameRTECBbIREE
temperaﬁﬁ‘ré AdasitPRSanBshs WRIW, n’?i(&&igﬁyvﬁmcf &R AGimd @Nﬂcﬁgnal"f‘{édsurfaces
di sposal’ of nenbrane nodlfylng sol vents or reagents.
of the pcoememhrm BEatroydetihwith imperiedaodistabile wotigbilibtwhile substantially
r I n
retaininf AR HE R TMAEeq bbrobS finSiEnt" S8 BRERalioR b plasma
conditions peavidlesorospmeudiraries syt anenbmdowWetings Thespainiasphéric pressure
descri bed, as these may vary. It is also to be
under st ood t hat t he term nol ogy used in the
description is for the purpose of describing the
partrcular verS|on or versions onIy, and |s not

e " o o " e L
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14 m ni num anount of nmethanol in water in a solution
to contact wet the treated porous nenbrane is at |east
1 W% | ess than the m ni mum anpbunt of nethanol in
water in a reference solution to contact wet an
untreated sanple of (non-APMN pl asma treated) porous
menbrane; in sone versions the m ni mum anbunt of

nmet hanol in water in a solution to contact wet the

) treated porous nembrane is at |east 4w % |ess than the
microwayeRIASAR BYFRSMeSTIIAL PRRONS MeTRPTRREFan; havg 2 srpagtBrig af least 70%, at
least 808 b hi RBst!9094 8BRS o #RE strbiftt B HRA R HuLRERISTRIRE G Bhe

I'n some versions of the invention the APMN pl asma
atmospheris pressusonisuewaeiagme modifiedhsugtaget t i ng after

autocl ave treatment at a tenperature of 135 Cin water

A véersi it i i

F YR MR TS SURARAELA B BERNS B

membrane o p batogensied polyolefiy ticapicreporgys membsansthaving a sineing LRV of at
t . wet |1 | UL

et 3 b AL AR SRS M B Bl B 300G Hhmbran
has one e tivaie etmosphesopressize siicrsvavi eldsmeanedified sorfscasemitha nembrane

Is.contact wettable after J10.days with.a solutio o
tt e i 9, R 8 oo st iy Meh a8 hulionct v o or s
MeOH tevatepplatédion theahedifind barfaces, Thal ARMINA peEmaahydified porous

T TRAR Y N S e e T

essentiallgtibesanSafig! 10 drayere dAslin 3oMmeRaydiog TO6Em6tcZddys @hdé ambient
djgﬁt ri.buti on of nEor e Size that @lrpovi de, sievin )

storage.p&PT PRFFEPPIONE MHane 1 WEHEns 8f SedReniing cfp intle surfaces modified

by an atRsphiGid eI RIGONRAVE ﬁl%%m@ BhiprRing AnsHle bay &Y Sndhlk ghs with a
have pores that have the same size in the various

-

source qQf Q¥peEn. o hg pmasphericRmREsure BH OBy e plasmadnediedangioparpus
bran@haé 8 IRIVE @ il 3 Yord, o' iquid 1i
mem r_t ha}ta have ]%gﬁléi fferent s?%rézjs,l ik?ﬁ&t%%e r%ﬁ?&@%ﬁgﬁﬂsﬁqwd fike
water. Tnremsprarsionethesaicraporasaradymerie mannengissoating ¢ hefore.the
HeBY 1 cron or smaller particles
atmosPl n ﬁ%sg?*ﬁ?%&%é}?%%%#ﬁ eegitt['ed nm cropor ous nmenbrane
having one or nore regions or |ayers can have less
Pnareom gfdhe svgationis 4 ¢anpesiien thabeoreptises or asiledes @rgicroporous
i ? i .ext [ i : .
pomshElESIRTRL B Pl G 6 EAMERR, GO BALAT lhtgane tpinga sicving
LRV oftahleaptd &mt0. bmicroh er skiempatioles i 2tigeid likeovapor Bagsmicroporous

) . I . h
et 38 08l BBt SHL DR, S NS EER AY on
membrang ttha are dompant ous witnbselngomnehareingbermirniensh emeouhhelf methanol in

water inﬁhfé rg{gﬁg%}g % cgrﬁgcgrvéleq Ehe f%g%t%tg plg\%%s\f%%}]i@rﬁﬁg {s?a}é %%gg? wt% less, in some

n sone versi ons S
embodimients dpwte lksssmaat flenaidiavngnomnst cfimethie] e Glatd$n @lreference

. layers can have has a b direction stren and a .
solution b 16 ST Has FOFFALES BB EP GRea THCAENIW Blashs modified
porous MEbEE s0FREest e stABRIYUBRA ehA Ase FelthiilikfIhe 30mPb&TioN s unchanged

or..| ess. One version of the invention is a

. 15 :
or essenfyaily i M #A0RF O SRYRdn APTEEEonso0 aRS daya stored under
ambientRdn@itfong fas Hldey BRAIRMT FEIR PREmiGoPBLs ndnftfane in versions of the
. lyophilicity of one or nore surfaces thereof, the
Inventiogeqap dacledesifasen grodHiedsh e s 2iE10spheiGRIeE e FHErop@EVe plasma

istd 4 fbBle\Yal B kb [d S REESE .'
comprisfig 4 B0Blo it Or EHoBle TS MIELL S S LR, THE RGPS PRessure
microwaye plasrea wodiliedmiqorarmes mSnithenmsauseviegilrRY @fehleages for 0.1
. u - .

micron & GARNCE baflcl &in 1AM Bllc BN, i IBR 1@fune themicrtPious polymeric
membragi ¢s opimgfserimitre dhestmdspbetieprassure hdcmstave gplasara theatraent.

a strength that is at |least 70% of the strength of the

untreated porous nenbrane. In sonme versions the APMV

pl asma treated m croporous nenbrane having one or nore

regions or |layers can have has a web direction

strength(WD) and a machine direction o strength MD of

oy o s o o
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after corfgs e s fonpiming

to contact wets an untreated sanple of the porous
menbr ane. These conpositions can al so provide stable
wettability, retention of a substantial portion of the
mechani cal strength of the Isase nmenbrane, have | ow
extractabl es, are non-dewetti ng porous nenbrane, or
conbi nations of these properties. These porous
menbranes may be prepared by a nethod thatican i ncl ude
the acts or 15 steps of contacting ong_or_ nor

gsolphe sigpmerRusIBeEne £an be sasifipding Plﬁsea that can

compnsérh §6tﬁ'@@8?0}9§§éﬁr qt}ﬁqto%d’eiﬁ@tn@é s fREeIISMUEEd RlenPRAMM can have an
at nospheri c pressure wt as until the porous

oxygen tewathomratip ghat drﬁf%té frope theamneglarmﬁ trgated base mirreporous membrane. In
vers1ons'5?mnp&? C{ll&ﬁt) g?g%@dlﬁ Etﬁ%ac'ce taﬂ%&i?izeg Q?&nﬁ)rane that
ano wat er t is used to contac
is homoggaeoudly wﬁabbatae @omapbwstta’tﬂmthn?eﬁrst splutmm of/MeQH) mswater, where
. d r h nat e
the minm [1161?% %%8&[3 off 1\% §§{ aﬁ 1nI Se gi(I)'S% glgl?ion t;t) tcg %& gorous
membraﬁ@istﬂt leangt Dt Besstthin e tniainhmamdues f Me@t‘[rittm rWaterrmn a oeference

. sions the nodifie or pu nmbr ane | cont
sotution Y BaRB& \iPS g psr Sl sBRP BOTSRE forop grormue. o B joms parsions the
of the mwattﬁrn, thé D/€QHBo B e 1a8&i fieh enibRPbfd R AnSaHAKE sﬁﬁ'ﬁﬂé& aRebhe between
is contact wettable with a solution of 94 wt % or | ess

about 00f apd gheyt-(& pefrom sha 10 2B YL 0% Ha seB erdenside sygroporous
polymeri@ﬁ@x‘hﬁ%e'@ c&4t de WEbicaht Strﬂ\ésgheﬁc PRlssiirk %cﬂfwa%@ pi¥sma
or | ess MeOH in ter; in some 25 versions the
treatmen¥yifl 3 RlgSTHA COMPTIFING SOWEcS of CYBFRct wettable with a
solution of 92 wt % or |less MeOH in water; in sone

THR atinBShekiB S roRdid mRFoRAV OpIasHE HYRAST s f4cel®) B€the polymenc
wettable with a solution of 90 wt % or | ess OH i

- micropojgpsapempranethave wrtgsel funckpaal srops adoduciuse obmoat}sology that is

wettablerwmpﬁ @ﬁ‘ﬁ sbﬁufb%mtsom‘htv@&&e vr)MeI'J‘th@ ﬁlﬂkﬂﬂdnoeﬂn&{nt B WMOH in
in water. The APMN plasma treated nembranes

water m\ﬁhet ﬁrst ﬁtﬁrlbvetp mt@cetmqt ithe/pgrpepmecatbrane islak éeaﬁiet\hta/d less than the

. mmlmutﬁ%? I)f ﬁieldr/% %Qufa?érqllt g ré@?en%& Ecgﬂ%é{f tﬂlgartt 3813%1& dwg?te : mu%lte}gated

trea rane and are non

-sample dfithe podoas memtirhng wjese denvettability dfithese dusfacds iasssemtidly

ayt ocl ave t nbrane ,wi t h wat.er. The. APMN. .
unchangBif | S6BnbsiR siRoiciatr TEOP RS palsr s ifiros AR SR potymeric
porous nreane durlfyces hrsnoedbwettiag Radathat fle! donipisitioal remahigiwet with liquid

ont act wett abi lt .wth a nethanol and water solution
concentration in the solution of
about 1% or |ess; the porous nenbranes retain their
mm&mﬁdmys xfnefnbaaﬁei tiret ig haadphetid presare Uﬁlcﬂdivai@)tﬁas&{mlmodiﬁed ‘
rsions qgreater han days, Ln
can be agihels e Ve BT PEACT TP HE: AP AL R e iR Pasticle
retenttomhﬂﬂo&rbevd?abm ﬂﬁd‘nic&@(ﬁ‘mﬁrﬁeﬁlbmbtoahchhiphsé@d)ﬂeawl migre layers

which cagrgzgaé(%\rygfé% tha aar]et e g:la;r{ge glgé,:ge& %?ﬁ%r%ég tl'?er vg‘tooru% and I”F he
micropofdtiiGhérhBGe cah hatd® 8ifl8ickSarltl @RBUES r@&1§traﬁ<\!@§tﬁtaBieaf§frﬁs intended
treatnment can be chose to provide surface nodified

use, In sREYFESIRRETEE Mfedrangis lpwmhanakqut Rgrisransdbicks Iysome yeisions of
the invedA the Qﬁﬁ@i}%eﬁ@ rp?és@ﬂx% xﬁfcreﬁﬁz%tplgé}?% mQ)rd il RidI6Porous membrane
versions at |east 90% and iIn ‘st er ver st ons at
can have 8ieving5bRY of atdeast B do@-h rmfcrqrrmr mbdpan@bbsrmgélquld in some
er|
versionsPESHIHARE PRUIA 1406 P TRPRELLR oR SRBRH i fes in a iquics
in still othen seﬂsemsﬁh@n@ﬂfﬁemlfmtdz@dremmmmmermwahélatzh anyvimy ILRAHof at least
nd. conp are o_th untreat d porous nmenbrane. The
Bforo'ota’éWﬂ raelne’rtpléwnrtl (g' can be determ ned by
t aki ng a por ous nenbr ane sanpl e, for exanple about 2.5
cmx 7.5 cm in the machine direction (MD) and web
direction (WD) respectively. The nenbrane sanple can
be cl anped by two heads with about a 2.5 cmgap in
bet ween them and then pulled 15 fromone end. The
force data on the puI I ed rrenbrane san‘pl e can be
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added vapor such as water or other oxygen containing
liquid (see for exanple International Publication No.
WO 2005/ 010619, Lithographic Projection Apparatus, Qs
Pur gi ng Met hod, Device Manufecturing nethod and Purge
Gas Supply System Parekh et al, filed 21, July 2004
and incorporated herein by reference inits entirety),
a m xture of noble or inert gases with a 5 source of

en.t{hat differs fromair, a nobJe q@) and an
ﬁ%ﬁ‘“b‘&ﬁ?ﬁ PRISY tGERCragIe a3 dYPH} %?6 s depsiy, and
plasma FBMmRAL %6 Q’undti%nﬁﬁf@sdfﬁicéé fhe rdd%QnérﬁMﬁ'ﬁE 288 f6d€a contact
plasma is derived f ronlaeg?s t hat conprises a source
wettablgporgys membrang thais nendeycHing iollewing %ﬁma‘ﬁewh dBahemitaning liquid,
and thatg;ﬁﬁst g‘b‘é)%?@&ﬁ%% e;%%@?%tﬁ%ﬁ'%ﬂégﬁ?s 51}(}53 ggﬁéﬁgg : n‘EB%Xlgee Mheses
amOSpM)pr@Semﬂmmwm@m@ surfanebnodified perafs rtxd:mbmnes Imve a strength is
LS |nclud
at teast ST o BB 008, <1 W ISRFS05 52 SRS Oy BB et pithout he
atmosmwcpmssmedﬂﬂ::owamﬂlamh i s imiéeenﬁ‘hbmmOspmr&rplaMa modified
|ons n Sonme vers e SO :
micropef TR Pt sal be e Tyt SObat el g G 2nd g membranes.
di oxi de, or other gas excluding air. In sonme versions
Qus gesnriftheimention isuadinnglod of anwchﬁnmg tlwﬂyqﬂnhcmmobme or more

surfaces &nb ﬂorllrg og.(rf/laiéen ﬁ I%(llg%lloﬁ gg?rtpgr%gﬁs Wg SagI ogl}ﬁea)s oﬁ' cgmactlrllg,]a porous

membr&enia sealeShstascesfantuneodtsd | pﬁi«ﬁ@ mepbrahie, wighrh izaseontsining atmospheric

pressc s 5 e SR 5 g Y0 LS, s e s

The tredﬁ&d(lbdtb%nﬁfnlﬁ‘ﬂfﬁsalrﬁiﬁcé nid}€intiulie nvli&y] btile pa&hh&rﬁaé pbftion of the
in anDunts greater than found in ai

pores, obiss SyReess of B TERR gd sorbinatiags phihess. n“o“%ﬂgches Bf thepgrous
membratid $4t8tadSadd\6r &hasm @!{Edplhsfhtm? regd ﬁltava&tkbrl SR DIRHS with the porous

' menbrane to nodify its Bertles In some versions o0
membrang éonwwshtmmr?@t W&s@ heofthe @ﬁeclwsagn@a-tqdanmthat the porous
membra%@ns @&1 H@\’V@&lﬁ%%g f h &hﬁle gt‘!lr@qﬂ@g'l ﬁ'ﬁt“ane 1S not

vacuum pu ressu of t can be t

reduceddreinys pb@rtﬂ@‘yp oé@smngﬂhmfgbwmnqut@ meunmemeane The treatment can
pressure of the chamber where the
occur iz J]%/?S‘[%Hgﬁ]ﬁ ?‘rgsesat ed wth the atnospheric pressure
m crowave plasma can be atnospheric pressure within
Insome vezsions of the inyendiomihe/perops menithyengisasyigreparaws ipembrane and
m.stxll o@ﬁeﬁ%%‘cﬁﬂ %gfngotshﬁo Lﬁé lsé\flra%l% h%} gg%?%co?gedt 19151:1'?15%%555 Hlefitbrane. The
mICTOPQXCHH m;vmbranetdau dave armyirmﬂmh’l ofied taasnd fanfh1 oweropersgrdler particles
t [ : c
i iquh? Rl o HaGirle” FREY B 1Eocn B8P0 LR BB B r Rl PR im i,
can havs msfeam LRI\h of at least 3hfler 0@3 pnxemmesmaltar cpaawbesphaslmpud. The
at ed nenmbranes can be used p fl|t5 %geV|ces
porous %UBW%PSQT%‘E ACREP G GorRrge éﬁ‘& GeeRNEd BB spi ral
wound nodul es, core 30 and cage cartrldges flat
Embedimemntd dithve finmtionodn iredudeTheonipiidini gl asnpristing athanbgenated

potvoleEFBARES 3 IndE 3R 80k 30 336 e lBAS SRR frofogppaticr

particle9in wites ehsmipdifiddSmembife a8 gfc oLfdeaRngfaces wathhay Ofd itid of greater
cont ct'ng $urface may al so bﬁaplasna treated. One or

than abjt 008, FEBodiment; Ple PPIE membiAne pre SotAch Mekplig afifg 10 or more

days wiloNEREi N0 £94 H8Y, & 168 FTMeBH ihReattd St i8 doARIEVEANE: affd? Qutoclave

at nospheric pressure mcrowave plasna treated
0

treatmentatg rl%mg%rattgﬁ 65 6‘?9@ 1325 Feln wal T ah@zté@dggbge% alp gsene versions of

the com?@ﬂﬂ@ﬁj th@ BEloBEhatt @pbLIBLR 1§ @f)tyiétﬂﬂﬁnordé@hﬁeﬁ@ Vcr51ons of the
iltration appllca?lons a filter device can be in

compositigmfiag b IPEEPRATEUHME m}feth Wb diection awepg@&WD) and a
cartridge nounted in a housing, which has input and
out put ports in the process flow path. 5 Such a filter
cartridge can have a pleated nenbrane arranged in a
cylindrical conflguratlon The conblnatlon of

o o L o o o
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menbrane are replaced wth chem cal groups during the
pl asma treatnent which may be referred to as
activation. During activation, the plasma can break
down pol yner bonds on the susface of the polynmer and
repl ace or nodify themw th carbonyl, carboxyl,

hydr oxyl groups or other desirable groups such as

am ne functional groups. Activation differs fronta
deposi tion 15 process where a thin coating is fo

(maching ﬁluteﬁteorstttmaée MP ofipt leastb? Nigwtons ‘ﬁh%h@ﬁﬂwaéﬁe bﬁfa% Hiickness
about 30 He@bREA less. In some EASbdBAbAls G ARIBHGB8s ﬁiéh{tﬁﬁﬁéls%ﬁtact wettable

have a conposition whose surface anal yzed by XPS
with a selption 9§ 8 vty erdessoif YaOfbin watey @d ismop;dewesting %ﬁer antoclave

[ [
weatmerat A REERabk OB IOAR O3 E IR SRATI AT a0 A" |
surfaces can have a 20 conposition whose surface
THhrst portgcttyetiabB: priroporols prepwanes can sy onaer moraregiong or layers
and hav% ?Js& ﬁxantatﬂgﬁt i n]gﬂl; go@zﬁ%lt e)It:Fa% &\?ﬁmy ﬁ{ﬁ@(ﬁ%@gal bR Sodium. In
Some versi o the 1 nvention, 0 can
some enfilpdimtnis dire @H0 utticOo e anrbua poartbi@n@surfiqe rengds| fraxh labout 0.06 to
aboutoégr5|ons of the invention, the O/C ratio can be
et ween about 0.04 and about 0.08. The atnospheric
pressure mcrowave plasma nodi fi ed porous nenbranes
"Hasymirfge béte mu'som maxnbm caneahadifisd kyar fatosph&rec inicrowave
plasma SRRt Bl ot uPef iR Bt RISl i E S peen i an
inert gasorr dabde ganehose coinpeaition differstfeornmaéi ﬂl“hedadmydamlﬁtmg surface modified

rent anounts of bIe d suc
porous ignbiHng e RS . Suftentn Tahon el HiaP Aits fof o€ s aasiha treated
base pofoak mbrsnaemeaﬁsng sEmE edmlpySthﬁ‘ tiad 0BG pdtRy o fta loadied surface

has i nproved conta wettablit i ch y be .
charactefizes.p RPTOYY “%‘zﬁ“?‘?fa{}%tﬁ‘t% thh%‘P%ft‘P%‘téh EYF“R)En‘g 9T CANtRGL wettable with a
solutionSsTIMeGHl MeVHéQMherd the nBRMMBI R8Tt bF RIS i RAR: 3R 8% solution to

with inproved wettability can be contact wet with a

contact Wehibgerasdusmbmpe feaieist 1dtodess than thepindpys appyrt of MeOH in
water int J‘l%?er&?&t @'hﬁﬁmaﬁlat &Rgdct Wikdad ﬁﬁ%a%ﬁﬁ@ﬂf fﬂ%ﬁ)o%tﬁﬂ H¥brane. In -

amount of MeOH Iin water used to contact
some veggipnehe of ﬂ‘@mﬁb@m the k¥ Cetio 9f theembdidied porcmsonﬁebrane surfaces can

b bet kg b0 A S TR TS (e Ol o SERH BRLR 08 o o

nmenbr ane sanpl e contains at |east 2 mt@bless in sone
Thasemospharicaessyrqmioroiveye plasmagnethpd Sarmsrmedidied saxface(s) on the

potymeiEB3ioud e B SRk B e s SRy morpholosy

that is welttahlet el priefarahlshcantaohweddblépith a rsoletiasy of ide@H m water, where the
. . 0

mmlmuﬁle W@ (?_lq uli' g(agegn;gfj %ﬁie PO Cr?%o Jo&;‘te?r:g %? g‘n rous membrane 1s at

least lww%rlsa;sahamﬂletmmlmnnethomn of MeOH instateyi itk r@ﬁsrelﬂzm%tlon that

contact %{ésgglrugl&yeg regrs(;%)‘h;i):le;%ft' []I\l%é)l difled gnq{;faﬁg aar}@ A gthsur{t%éf"tsy of these
surfaces/ik ¥ssehtihlpsendiated Imr\i@és%ntla}]y sDﬁHleaﬁmemsoerd duys. The
or ous nenbranes have surface, struct.ure and ch y

atmosphepig PressREs MicrRyRYSRIpsHa Nt féiwlt/weacgarw.naﬂnﬁtm §urfaces are
non-dew¥tfh@sudhahs the QbinFBsM’Bh e&maiféd wik WithIidues aftdbddrtdching gas

water, 93 w%or [ess MeAi inio water, 92 wt % or
containing diguik0H i n wat er, or 90 wt% or |ess MeO11 in water.

The | ower the content of MeOH in the solution, the

ThOMetholiRen ket & RRAITY¥oRing f€e brf &ﬁ&@ﬂpdf@ﬁ@fr@%ranes The
whi ch inproves its non-dewetting properties._ The

porous rRERPERLS Gt PRBIFIPPYroys MaTbrapsiyBsREN YorpipRsffhe invention. The
atmOSpHPriQrp‘?c‘!@,Ml% R RSWEvd $188hE thefRs IR onsSo5thd MvRnfibh @hn be used to
nmbi'ent storage as a dry nenbrane at roomtenperature
|n air for at |least 10 days, in sone versions after
anbi ent storage for at |east 15 30 days, and in other
versions after anbient storage for 70 days or nore.
This is benef| CI aI for Iong term use of f||ters and

e o o, .
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properties of unnodified nmenbranes while substantially

mai ntai ning the flux characteristics of the unnodified

substrate. In addition, the atnospheric m crowave

pl asma treated porous nenbrane conposition does not

pronote the nucl eation of gases on the surfaces of the

nmenbrane when in contact with or during filtration of

an outgassing |iquid; these nmenbranes 30 can be

characterized as non-dewetting. Thus, when filtering
modify porgys gesdirape thateandnsludr oas op tore yers: (Hor syample #wsmous
membrafé c§pﬁa\«“é e?ﬁﬁglggaﬁ@mﬁl H&es YRh AlstrittiRA dfPores that provide sieving

m croel ect rohi cs manufacturing, the efféective I'ife of
particle retentipsriin apmeyersionsghe porawsinaembrane cyhe¢dmprasas|ope or more layers
which CQ{ ﬁawe oré{'@rgta %%’g tﬁér%]egﬁép g}r/ gllggelr&ng n_g% amglge w}[cangﬁq 1&%@9 The
mlcropomuscmbmbenie zag haenathickuess and thdmigali rdsistancosyitable fom itsfintended

the SEM of .the starti d AP | asnma
use, i spER PR SR A A8 B R AR 20 P AR AP R ot g pofogpheri
pressurcaxjeeewae plastha iMethal cani bethsed td hldéfigdmésndpadus membranes that have

asiovinghRRFoL 53508 s prestpor s Sor i 1 EnTiGe oo o

purified W96 eat hessa @ﬂ‘evin@if&V &fiahEapad for 0.6 medrenbt Salér pdtEcles in a
untreated nmepbr a % i s expected that thgﬂfartlcle
liquid; og tha fiaKeg 2 st vinge L&\é‘a atdesst AFPRAQ3 Wpcronyy spatier grticles in a liquid.
t he base nenbrane based on this analysis. The
B @EmiaheitsofPoRes tetpaiatiroV @iy asihgasiuii, fpl@simpamusv and time
mbrane_in versions of the_ invention ca

used fm?rﬁ% PERPHERC REHTING FECTORAYE Plasnialeaime td"%‘i*’@é ifWRetioRgliggs surfaces

of the m@hnﬂrﬁﬁﬁ Ehe?pcerﬁs &e&xbﬂﬂﬂérfaﬁned R?/@I&! M€hoR 3¢ Ebith@Swétthbde, non-
qui d; can have a_sieving at least 3 for 0.05

[i
dewettma, ewé) Fetains g,sebstatiah aprtian fe,rsmmﬁnéy of thaistength of fhg wntgeated
membraié e%@& Afﬁ\{sﬁﬁerﬁtprgﬁﬁ&t m?erQ‘évaﬂgmH‘sﬁxer& RbdHER!dRbus
particles in i‘qu og reduction val ue
membrane%h%vet ah@rqn@@ thatﬂélaa éeaetf 7 Q%emrﬂsvmeverswnqa@trlpas@ 88%o,jon in other -
versions. Qq?%?gg%(gf th% El?t%n%)ch gf ﬁfeﬁn%%t@’rgé@lﬁﬁﬂféﬁrﬁgwg Ehe?%{ér{dsﬁl&& pressure
mlcrowamﬂiaanemOﬂﬁi'ddesuafan@silﬁwenambmss uoxedawettm@efvﬁowﬁmcclave

weamef KR GpRRLP B BRAE 038 et or R B SRR Spade P lppges. These

atmosphenlcEplmhajﬂnbdiﬁedfpomumﬁémbgamatm balisedhatvarisusippicieadnélioding
Alt ﬁ rgus ngnbrane to make it hydrophilic. This can
! msa?ﬂ AW IR A St abl es, for exanple trace anobunts of

i oni ¢ and organic rmteri als that can corrupt a fluid

’Bliaé mgt}fddl tb direatithe Ipnroaxsrmerabtand iwitnths atrhesphléMMpbasermlcrowave

d menbr an ess than about 20
plasma qigt i35 o R AP IAH s o bos £ P e i el wenabitiy of
the mentirige. Infofe @oifihent3ahagad ¢in indlnde alsoiics wihoxygers Olisome
. enbodi nents the AP asma m)dl i ed nmenbrane have

versiony e SOYE A" BYRA" %YN%E" P G fUTE i ea;?t‘Ps‘E £8113P9bn saslifeg helium, or
a combiAstiGiOef thede WAEre ithépladihh Gas té@Posifion Bffers BOhPSIS] THE saide of

al um num The extractable content of the_ nodified
oxygen gt be ANy RRFCH FONIAHHNE SOMPOERG Hbif%e@%ﬂemgtsdths SrygPhsource can
be com}ﬁfunhg' gumﬁ&evdp@r,aﬂx eﬁ@élﬂnl S&yHeh 98s, A aldemtRhatitid &1 tﬁese In some

acid for one or nore days and analy2|ng the acid
verstonssihk §ovKsa off pXYEEPNG agy Yﬁrh@ns stithednyentioadnelideBorops gnembranes
APMW §2thfRAGH tﬁ) Quélo%a%é @r}bf:rﬂr}ngcﬂﬁlﬁ %b}/(!u\é nﬁéml?ﬁr{%mt hdVe mproved

el oni zed wat n some versions t

contact wattatﬁlihe;dcmnpduﬁ@tm&l atveat¢egentbiiane sabplk aQ@lepﬁwe@ﬁvﬂh different

T or ous _nenbr ane P
MeOH g Satel A B e e R e be T Ao Sk d el SRR, can be
contact eewithuckedyticr ofl MaDHainedater Mireae 8s msmiutmarhomntmf MeOH in water

i quids The porous 20 nmenbrane can conprise single

porous | ayer, a |layer having a pore size gradient, or

mul til ayer (extruded or |am nated nmenbranes with one

or nore layers having different pore sizes for

exanple) nade fron1thernnp|ast|cs such ‘as halogenated

S Y . a o g,
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drai nage nets, a core, a cage, and endcaps can be
bonded together to forma filter cartridge. In sone
versions of the invention, the porous base nenbrane is
free of an externally appliezl coati ng of nonomners
prior to atnospheric pressure m crowave plasma
treatnment. 25 Alternatively, in sonme enbodi nents, the
gas used to formthe plasma is free of polynerizable
The porous nenbrane substrate is a

in the SOMFCW tadqoymsr gt @smﬁw%m‘aﬁbmﬁﬁ éhetdsgst bwtipdess, pog in some
embodnﬁ@rﬁ@ ﬁﬁieb&glvhbﬁplééé ttl'neﬁﬁthle ik BirRah lanfdu@® of MUTHH iP Gv%%e@ if§ reference
gels froma fluid or slurry. I'n sone versions the
solution mt@egt%wstsawmir&gteﬂ yampla ¢fithe paroys anesebrare.ur al
characteristics of a sieving filter in that it 30
FHe ¥ e dRah %%&e?%oﬁx?n@e fHeSekd Gt é@ﬁﬁmoﬁmr@%h@ Qi dsPBéric pressure
to a depth nedia nbrane can be thoSe
microwayletplagmna mdtﬂedrpmuam@mbfainletwm ommntﬁ wpparts.ifar exemepie but not
r e
limited tb! v@% aggtgq %)E]e, cgg E%@éﬁ% ?1?] t o er 0 Ese ﬁﬁoﬁ'ﬂnﬁ&r@ws articles
such as @lvengn (T hofmerﬁﬁrahe eetdll bmﬁuﬁteequmﬁd:d}b:y thelast pOpletiing the namdified
mernbraé\?r%vd{n hoexb oqu\yg%r% n?ngm%?sgspoﬁs éu% tbh?n tt 11 eltn(} gong%’{ls,r? gYebs, drainage
layers, ot cotnbixiaticat sf tieseint r eat ed sarrpl e of t he por ous
menbrane. I n sonme versions the porous nenbrane is
R GRRRRS, Pyt §F e b 0 TR B0 R ! PR G R ol porous
membraab suth mxﬁﬁﬁecﬁwmaﬂnmysandihmm&mmmmbng padpertieaiwikisone the loss

T T IR R TETKTN T C

atmosphleym mﬂuslmacmmrohw mphmdq:oswg‘memsrm mmemal@ Asaihiol ex@ajority of
ane, i nclu a flat sheet, a corrggated sheet

the base{ERBRE SSBFRER @A HE e BT HHBRERE. DaRrasgredly, té treatment
results i 4R RObALdAhd $RBUPREEAEHY thiishew the Bliciatss 6F iHePJofous membrane
ski nned or unskinned or can be a conposite nenbrane.
at atmospReriGRIASFHA® substrate can have a thickness between
about 10 5 m crons and about 250 m crons, preferably

REVWRESE0ANGURe Jithd¥pRENSrediitle pRGME nHiInbd 6 OIS medibtane in

nore preferably between about 10 and about 30 m crons.
versionsfithe inveRheR sHebeBRde cartg tem Foraxatple showtgagpheric pressure

mlcmwauecgmﬁ& QusmRal eg%ﬁheadn&paa«pahxgkefdu@ $néth6An8Svithout a

vi nyl chl ori de, nyl i denefluorid
perﬂuorﬁear%ewmlmér mpfgﬁlmor %@i{iéf bonmd| qopting rnbfe@elgr e piymalranc
surfacessrmsﬁév%tﬁﬁ% wc&{l&ét%@&taw yol efins such as

pol yet hyl I ncluding ultra high nol ecul ar

golyethylene 15 (LIFIMAPE) with nol ecul ar wei ght of
ERORPEATIG BEREEULE DHEIOAYR Plasmaiseatment el mesghranes in versions of the
present Hi@'eﬂh@&?% l%]@seariﬁi aQ‘QhMH%JE%rQ&QE e ? Hﬁlﬁﬁ%faﬁf@ Svettable
can i nclude polysulfone, polyeth ersu po yim
membraam:lthabhwﬁwbetanmlm&prseme:@meagthuaﬁ ghqamtymdsp@ans membrane
L9 R r

BecauseI tﬂ% ?Fgﬁggg%%%esﬁéﬁ% S Fx&qg E%’) Iglgtzrﬁ y}‘ﬂé—%g _&Q%tqged which
decreasdsgirpedshs mmmmdgﬂaeatmgamstsl opmgrarat with yecium plasadal tozakment of porous

ol yeer (PFA). In so versiops the 20 .
membrafl, SFike SR SRE M B EH Yot BseuisGaigaps tisposseq membrane is o
used to digedtlysmekethaiperdig mémbRnss wQ&alﬂeI the pbtential for flow loss and or added

traf uoroeth ene s such as
extracta{Erc R b FURRURM PO Y RBIAED: PEreRr cretis i gwwpmc
containifif F€dgentsir& hot 1@8d @ nidAeFehe §u1@zidéeff?¢he bérosd Pﬁ%n\/tﬂﬁﬁd @Nrsion of the
of the |Hvent|on t he porous pgggner is PTFE o

present inygation fhenereus mengpgnssandiariheds erpaks Wﬁ@rﬁ"%‘hcorﬁammaﬂts like
surface nodified porous nenbrane is fornmed having 25
an average pore size of 0.05 mcron or |ess. The
menbrane is fornmed froma fluorine-containing pol yner
menbrane substrate conprising pol ytetrafl uoroethyl ene.
The porous nenbrane substrate has its surfaces
nodlfled by passage through an atnospherlc pressure

o o e

TJD




15

20

25

30

30The wetting property of the nenbrane can be
determ ned by applying test |iquids of various surface
energy to the plasnma nodified polyneric nenbranes in
versions of the invention. 128 The atnospheric
pressure mcrowave plasma nodi fied pol yneric porous
menbrane surfaces that are contact wettable are al so
non-dewetting. Non-dewetting refers to nodified porous
. menbranes conpositions that remains wet with |iquid
sodium gqyd gtherpiahiansngs Well ps pitensivrgflushing deyneasnd digpesplef membrane
modifyind'$o108Rs IPRaghat. di splace sufficient liquid fromthe
pores of the nenbrane to 5i ncrease the opacity,
i ncrease the pressure drop, or increase flowtine
characteristics of theDESHRIBIEQNa treat ed menbrane
surfaces. An increase in any of these properties
lgﬁlrgeater than 25% i s_consi dered a dewet_nenbrane. The
AredbaeTesERiCopRAsHans aad grethgsinary descrbed b iftte beyafenstood that
this invedBOR iPRRirkited Ra1P pEIRMar VMO EoﬁEBSiBSnsq Sl FhdHoNSHes or
by heating a nenbrane sanple wet with a liquid in an ]
protocol desgiibgél apvheseypye varyeltboalse tybpundarstopd thas the igunigolagy used in

v e B TRRGPOE R RSBl o AT

not interalgd de limittherseopaelithe pFasentereension, which avilldte larivdy pilpdodhe
r d porous nenbrane sanple is non-dewetting, the

appendeéac%g‘g' will remain wet and translucent follow ng

autocl ave treatnent. If a wet base nmenbrane or a wet

Inmpy alsa bernoted Shdtfas gisehbérgintanddn dbie appemdié claims, the singular forms
n.n n 1) h | i! i i i i :
o, "an', $08 i o LR e e Ry e huckPoletly 38R otherwise. Thus,
for examgpbequferénokeitoni"pgred is avdfereacd roemten@mhorel poresnatdeuivalents thereof

mown th ST (RS g S TR SR 580 58, T Fnicat an
scientifi¢ tdringwised haeirmkdve\the sarainaimingabs eorhaitngy aidersosd byl 3he of

. _Cin.water faqr 40 m nutes the_ porous nenprane renains
ordinary b T ek Alfspet éWéWﬁwgs dP PRy BT 5 fiti¥plent to those
describedh@lein GRRBY LSAERtBe Pfachcd bi BhtnS ol $615:8nSBLMESYPpréRnt M@bntion, the

n_on-devve%tl ng refers to the wetting property of

] . . of 20 the
non-limibagisx applesinl ugherts devieesranbmatraiads aginorhdessriped. kdl publications

mentionbdASreirt Sk iREbrPSaRId BFRESONOIR: WBAIM AN beldoRfthlddnd an
can be neasured on treated porous nenbrane coupons.

admissiofhihahbgipvansiondy nefeenfidled ¢ aniedate suels diselgswretbanditemof prior
inventiohl qui d. For exanple it can be wetted by isopropanol,
then rinsed or flushed wwth water to renove the | PA
fromthe nmenbrane. The nmenbrane can be. 25 placed into
Vergight af fernyigntipniaelire aRarqys Robameng BeaIbrang Weerg gae g more
surfaces bt EmbRibrAROiy e HReMNdi 3 by h&%s\%ﬂﬂ@d@ﬂe@&lr@ﬁﬁcwwave (APMW)
process gas dissolved in theé water [l come out of
plasma. slieyneghraneiran dglmgsiel frany adralageaatgdolyolekn aychgsdubpstdgmited to
. _ pl or i
polytetr{fhct An FhOBL Bhiec AR RLARToREIALRE BRIBL ot el
membranopambsamygnédated porovsingnibrang dridanrsenisransondd microporESS
membraggfore and after the autoclave treatnent may be
pérformed to determi ne the change in flow tine 30
after autoclaving. An increase in flowtine for DI
Inabme veisignethe porausaol @bét amembrang oftthaveventientthe atmospheric

pressure b A arb b BTE PER S SuBe Bl Sin B ieen o carbon
ratio thaadferpfrewetht inaeatee thenesankeavet in sognoémbodinteandtizane O/C ratio of
the porogg{riegrgaéglgés)&sr e %%et%%bgg)ﬁ‘beagl?;be%%? T éa(%tgli%%ﬂgrgﬁ, grgss%lré microwave
(APMW) pldsath suffate B difidd parbadineynbranghdsa sirfise stigturegsuoh that the

the nenbrane. This for exanple could be determ ned by

wei ght change of a wet nenbrane sanple conpared to its

dry weight. During use in a filtration process, the

filter can be exposed to air under small pressure

differentials across the filter such as during a

oy Y " -1 " - re
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25 nmenbrane. Cenerally the | ower the water bubble
poi nt pressure of a nmenbrane, the higher the potenti al
for dewetting upon exposure to air. The water bubbl e
poi nt pressure of the APMWN p¥asnma treated porous
menbranes of the present invention are greater than
the water bubble point pressure of insufficiently
unnodi fied or control porous nenbrane substrates. The
wat er bubbl e point pressure test nethod neasures the
minimuprasseymt of meganobirn Watepingg soluhen yerniamd Wb thastregtedhip@ous

|
T
solutionito civhtiatti yoetram mqatudedatrmlte d’fe(mbmk%MWammﬂredwm@bmus membrane;

. L for M B df d,, Vb
in some oA gL B pEpaPeRHENAR iy FARPL R B et the
treated fRRowEs nembrameds af lehdtetwitd/lesd than thd mirsinap esioant éffmasthinid in water

. artic tention ert s, of the treate
in a reteiiop iiof 8 BaRspPaY Py BE R esSLBoRRET RSP THRar IR DA Gons of the
mvenﬂoh&li&APMWblhhﬁa weamRd ipbt@@ ni@ibrads & ndnl@éFétting after autoclave

t nospheric pr essurg m cr owa pl.asma treatment of

“'eatmel?ﬁ.?lttalt?‘ﬁ%?m(%%b%?t in jwater 291 &ml@!}%ort) 0. 03 nicron
PTFE nmenbr ane sanples was perfornmed with different gas
Bpeiine of tHd e(mdoép}ﬁe&&:, pra@wmwt@ww@@c\mmvy pRaihaRiitface modified

porous rﬁgﬁgfaggl Ny ? é ?%ﬁel s{t‘w%:gllrégf atggtpt?xg é%lgteegﬁgerg{)rane can be wetted by

a first scﬂﬁﬁ&ﬁ@ﬂ%thﬁn@i ARIRatef RRHEFE RivIVBO6RWY 1688 Wi &tftﬁetﬁ&ncﬂ In some
rotati na el ectrode (one electrode is noving and t

versionsfhf geals @orausinsishyane theordaqh aystisbla a&TeYerﬂﬁ‘b’E %ﬁhsa salf&lon of 96
wit% of frﬁﬁ’i&hbﬁma&&ef | $h&Porbal H%rri'brane can be P@rfﬁxbﬁﬁﬂg& PP, halogenated
ad) of control andAPMW pl asne nodified porous
p01y01°%rﬂ§|°§??é§0mp@5%@ﬂnarl zed in Table 1. The results show
that nodified nmenbranes retain greater than 70% 15

’fﬁéiﬂﬁ{)ﬁﬁ b19hle¥i REmbRGE freteli @;'yl'tﬁé afthd PR O pRAcE ﬁi&@rowave

roved wettability conpared’to the control -sanple

plasma m%wnghdam ra¢mbrend hayig pore sieesserradigiribubipn phpore size that

c el
provide R EFAEE S RA <Rl YoR BB e e Rat Ry PR Eing comprises o
pluralityvefipyers ewh1¢ln birerpaes éingha_wel the aaine piza ge thesvaymua layers ar in still other
versmn{)t%%‘g% I?ﬁg—ﬂ@ ang chfx S&u %/‘\?%:al ﬁ[neﬁ&)z %’g f’ax?%év%%arl\ée - pores that have

ures o be used e nal
different snzaglnlthq vamd)usallaycrspT}m/ABh/EW h’r@t@r mydrepcnisusj mentbgane has a sieving

nd cartri d e
LRV of élg{rle st for fn’b?rloln tO)I/’ srnF & L pag sule £5i0 ‘2’ {5: g‘ﬁaﬁ\tPngV %lasma treated
mlcropqirommsmbeaﬁ&rmmg el eere kedidps af lagersidanthiagé less than 200 parts per
billion tg{ag? z{gneg(walétgeﬁ%l?né ng@@gcle Ey eg??/e Eltcfﬁggq%gn ntbe-T;%gctlon, including
calciumG@disadiunmyet tabi l ity of each of the porous nenbranes
foll owi ng the APMNpI asma treatnent inproved relative

the cantro beca st i i wth | ess
hoirSuTgit et R Reatien B8 AR bt e itonhm S embrane
having aﬁi%l\di\/rﬁdn&&ﬁ@lohé eata@/érsmﬁ bidSe ABITO AN eBat id AElewR 708001 the ¥trength of
oW n ext.ended storage i

h %‘L n air, showed that no

the unirg BRFONR mERRTARS SR 52 Y508t BiFTRISEORAT Wt MopbERRg San be less

than 30 %G@EE 8k .t ifsREPERBioRB R APNBV plins 885 EE A& pbridus membrane
anple 9. In Sag&yg{scgpt he contact wettability changed

having %r}q QJHRPLF regiqas g hgrehes 3 Wgbdiregiden ﬁ%@&ﬁ‘ﬁﬁ’ﬂ?bﬁé‘ a machine
directioh eﬁér?gaﬁ REDIIraMeas: W N&vidds %emthg/%emaﬂ@ﬂp;@mmag 30 microns
ter wetting properties than the 30 control. These

or less. resul ts show that APMW pl asma treatment of porous

menbranes can be used to form stable contact wettable

porous nenbranes. 31 Table 1 0.03 um PTFE APMW pl asna

por ous nenbrane. Sanple Conditions Wettablity Max Load

Gas species Gas Flow Rate (SLM Power Vol tage Line

speed Day O
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Day 71 g % (W) (kv) (fl/mn) contr ol 95%
95% 29 1 He 3 400 3.7 65 94% 94% 26

15

One version of the invention is a method of treating a porous article, for example a
porous or microporous membrane to modify the lyophilicity of one or more surfaces thereof,
the method comprising the steps of contacting the porous article with an atmospheric pressure
microwave plasma containing a gas and treating a surface of the porous article with the plasma.

The porous membrane can be a coated or an uncoated porous membrane.

The porous polymeric membrane, which also includes microporous membranes, treated
by the method can have a strength that is at least 70% of the strength of the untreated porous
membrane. In some versions the APMW plasma tréated 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.

The porous or microporous membrane can comprise a halogenated polyolefin. In some
versions the membrane can include polytetrafluoroethylene or a modified

polytetrafluoroethylene. In some versions the microporous polymeric membrane can be

~ coating free before the atmospheric pressure microwave plasma treatment.

The atmospheric pressure microwave plasma treatment method can be used to treat

porous membranes surface selected from nodes, fibrils, pore interiors, portions of the pores,

outer surfaces of the membrane, and any combinations of these to make them:more hydrophilic
or lyophilic than the untreated porous membrane surfaces. The treatment serves to modify the
dewetting properties of the porous article. In some versions of the invention the interaction of
the plasma with the porous membrane is continued 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.

In some versions of the method, the surface of the membrane is modified in an APMW
plasma comprising a source of oxygen. The source of oxygen can be selected from water
vapor, an alcohol, air, or any combination of these. In some versions of the method, the
plasma comprises a noble gas, in other versions it only contains one or more noble or inert
gases. The APMW plasma treatment of the membrane 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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modified by the act of pleating the treated membrane with one or more supports. Supports for
the pleated membrane can be selected from nets, webs, drainage layers, or any combinations

thereof.

Versions of the invention can include polymeric porous membrane compositions and
method for making them that comprise one or more atmospheric pressure microwave plasma
modified surfaces on the membrane. Atmospheric pressure microwave plasma treatment of
porous membranes provides materials that are 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 less than the minimum amount of MeOH in water in a control solution that
contact wets an untreated sample of the porous membrane. These compositions can also
provide stable wettability, retention of a substantial portion of the mechanical strength of the
base membrane, have low extractables, are non-dewetting porous membrane, or combinations

of these properties.

These porous membranes may be prepared by a method that.can include the acts or
steps of contacting one or more surfaces of a porous polymeric niembrane with a microwave
generated plasma at a pressure of about atmospheric pressure with a gas until the porous
membrane is contact wettable with a solution of methanol and water that contains less methanol
than a solution of methanol and water that is used to contact wet the untreated porous
membrane. In some versions the method forms a modified halogenated polyolefin porous
membrane that is contact wettable with a solution of 96 wt % methanol or less in water, in
some versions the modified porous membrane is contact wettable with a solution of 95 wt % or
less of MeOH in water; in some versions the modified porous membrane is contact wettable
with a solution of 94 wt % or less of MeOH in water; in some versions the modified porous
membrane is contact wettable with a solution of 93 wt % or less MeOH in water; in some
versions the modified porous membrane is contact wettable with a solution of 92 wt % or less
MeOH in water; in some versions the modified porous membrane is contact wettable with a
solution of 90 wt % or less MeOH in water. In these embodiments, the unmodified porous
membrane is contact wettable with a solution of 97wt% of MeOH in water. The APMW
plasma treated membranes with improved wettability prepared by this method substantially
retain the strength properties of the untreated membrane and are non-dewetting 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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MeOH concentration in the solution of about 1% or less; the porous membranes retain their
wettability for a time greater than about 10 days and in some versions greater than about 70
days. In some versions of the invention the APMW plasma treated membrane retained its
contact wettability following ambient storage in air after 10 days or more and in some versions

after 70 days or more.

The conditions for atmospheric pressure microwave plasma treatment can be chose to
provide surface modified porous membranes that have a strength that is at least 70%, in some
versions at least 80%, or in other versions at least 90%, and in still other versions at least 95%
of the strength of the unmodified base porous membrane without the atmospheric pressure
microwave plasma modified surface. For example, the tensile strength of the membrane may
be characterized and compared to the untreated porous membrane. The tensile strength of a
sample can be determined by taking a porous membrane sample, for example about 2.5 cm x
7.5 cm, in the machine direction (MD) and web direction (WD) respectively. The membrane
sample can be clamped by two heads with about a 2.5 cm gap in between them and then pulled
from one end. The force data on the pulled membrane sample can be recorded and the
maximum load when membrane sample is broken can be determined. The tensile strength of
the modified or control porous membrane samples can be calculated based on the measured

maximum load and sample size.

Microwave frequencies that can be used to make the modified membrane in versions of
the invention can include those microwave frequencies above about 300 MHz. In some
versions of the invention the range of microwave frequencies that can be used to treat the
porous base membrane can be from about 800 MHz to about 2450 MHz. In some versions of

the invention the microwave frequency of the source is about 2.45 GHz (2450 MHz).

The method can further comprise or include the act of bonding the APMW plasma
modiﬁed membrane with one or more supports such as but not limited to webs, nets, core, cage,
end caps or any combination of these to form an exchange cartridge useful for mass and or heat
transfer operations. The method can further comprise the act of pleating the APMW plasma

modified membrane prior to bonding.

The APMW plasma treated porous membrane can be used to remove impurities,
exchange energy, or any combinatjon 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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The atmospheric pressure microwave plasma treatment of the porous membrane occurs
for a duration that provides the desired combination and degree of contact wettability,
membrane strength, stable wettability, non-dewetting, or combination of these. The porous
membrane can be treated in a static (batch) mode, a continuous process, or a combination of
these. In some versions of the invention the membrane is modified while in contact with a
moving or rotating electrode of the plasma generating device. The plasma treatment can occur
in a single plasma exposure, a continuous exposure process on a web or film of a porous
membrane, or it can include one or more passes through the atmospheric pressure microwave
plasma. In some versions of a continuous treatment process, the rate of passage of the porous
membrane through the microwave plasma can range from about 1 meter/second to about 25
meters/sec. In some versions, slower treatment speeds may be used to gain better treatment
results. In some versions of the process, the number of passes of the membrane or partially
modified version of the membrane through the plasma can range from about 1 to about 10
passes. In some versions the porous membrane is treated by the APMW plasma for about 30

second to about 180 seconds.

The plasma generating parameters utilized in versions of the invention are not limited to -
any particular density or power except that they are chosen to make porous membranes with
properties such as but not limited to stable wettability, a majority of the mechanical strength of
the base membrane, low extractables, a non-dewetting porous membrane, or combinations of
these. In some versions the porous membranes can be treated with a total power density that
can range from about 30 to about 150watt/cm®. In some versions the plasma treating density
can range from about 90 to about 510watt-sec/cm®. Power can range from about 400 to about
2400w. In some versions the power can be 2400 watts or more. Optional pre and post plasma

exposure treatments can be chosen to further functionalize surfaces of the membrane.

The invention can include porous membranes, and methods for making them, where the
porous membranes have been APMW plasma treated in the presence of gases initially present
or fed into the plasma apparatus where the treatment improves the contact wettability of the
porous membrane compared to an untreated porous membrane sample. For example, gases
such as the noble gases like helium or argon, active gases like oxygen, inert gases like nitrogen,
purified sources of inert or noble gases, or more complex gaseous molecules like carbon
dioxide and ammonia may be fed into or be present in the plasma. 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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invention, the pressure of the chamber where the membrane is treated with the atmospheric
pressure microwave plasma can be atmospheric pressure within about % 250 torr, in some
versions the pressure can be atmospheric pressure within about =+ 50 torr. Pressures other than
atmospheric pressure that can be achieved without a mechanical vacuum pump can be used to
modify the temperature, mean free path, and number of gas species interacting with the porous

membrane surfaces.

The atmospheric pressure microwave plasma treated membranes can be used in
filtration devices such as stacked disk (plate and frame modules), spiral wound modules, core
and cage cartridges, flat sheet, hollow fiber modules. The APMW plasma treated membrane
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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the treated membrane. The atmospheric pressure microwave plasma treated membranes,
supports, core, cage, and endcaps can be bonded together to form a cartridge. In some filtration
applications a filter device can be in the form of a replaceable or permanently bonded filter
cartridge mounted in a housing, which has input and output ports in the process flow path.

Such a filter cartridge can have a pleated membrane arranged in a cylindrical configuration.

The combination of atmospheric pressure, gases in the plasma, microwave frequency,
and thermal conditions of the microwave plasma results in a membrane surface with a chemical
and physical structure that maintain their strength, provides stable contact wettability, and

provides non-dewetting membranes.

The atmospheric pressure microwave plasma modified porous membrane surface in
versions of the present invention has a chemical structure that provides increased wettability or
increased surface energy, compared to the un-modified porous membrane. The modification is
stable such that the contact wettability remains essentially constant over time, or the wettability .
changes by 1% or less in the added amiount of MeOH in the solution used to contact wet the
membrane following the initial plasma treatment. In some versions of the treated membrane,
the wettability does not change with time after ambient storage in air after at least 10 days, in
some.versions after at least 30 days, and in still some other versions after at least 70 days or
more. Stable contact wettability is beneficial because treated membranes that have been stored
following the plasma treatment have consistent properties during use or storage and are not
limited by a shelf life.

The one or more porous membrane surfaces modified by reaction or interaction with the
microwave plasma forms a treated substrate that has a pressure drop, sieving particle retention
characteristics, membrane strength, membrane thickness, or any combination of these that is
within about £25% of the untreated membrane; in some versions within about £15% of the
untreated membrane, and in still other versions within +10% or less of the untreated
membrane. This is advantageous because existing membranes can be APMW plasma treated

without substantially adversely affecting their strength, or physical structural properties.

The non-dewetting surfaces of the atmospheric pressure microwave plasma modified
membranes in versions of the invention can include polar functional groups 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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composition whose surface analyzed by XPS has a fluorine to carbon ratio, an F/C ratio, that is

different from the untreated membrane. In some versions of the invention, the O/C ratio can be
between about 0.06 and about 0.08. In still other versions of the invention, the O/C ratio can be
between about 0.04 and about 0.08.

The atmospheric pressure microwave plasma modified porous membranes have surface
structure and chemistry that make it contact wettable with a solution of lower surface energy
than the untreated membrane. For example, the surface energy of water can be modified by
adding different amounts of a miscible organic liquid such as an alcohol to water. In some
embodiments, the porous polymeric membrane treated by the atmospheric plasma has improved
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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wettabletvettls b solkion of 96 wt% or less MeOH in water; in other versions the porous
membranes have surface structure and chemistry that make it contact wettable with a solution
of: 95 wt% or less MeOH in water, 94 wi% or less MeOH in water, 93 wt% or less MeOH in
water, 92 wt% or less MeOH in water, or 90 wi% or less MeOH in water. The lower the
content of MeOH in the solution, the higher the surface energy of the treated membrane which
improves its non-dewetting properties. The contact wettability of the atmospheric pressure
microwave plasma treated membranes is stable after ambient storage as a dry membrane at
room temperature in air for at least.10 days, in some versions after ambient storage for at least

30 days, and in other versions after ambient storage for 70 days or more. This is beneficial for

long term use of filters and consistent flow properties in gas generating liquids.

The atmospheric pressure microwave plasma modified porous membranes have surface
structure and chemistry that make it contact wettable with a solution of lower surface energy
than the untreated membrane. For example, the surface energy of water can be modified by
adding different amounts of a miscible organic liquid such as an alcohol to water. Versions of
modified porous membrane surfaces prepared are contact wettable with a solution of 96 wt% or
less MeOH in water; in other versions the APMW plasma treated porous membranes have
surface structure and chemistry that make it contact wettable with a solution of: 95 wt% or less
MeOH in water, 94 wt% or less MeOH in water, 93 wi% or less MeOH in water, 92 wt% or
less MeOH in water, or 90 wt% or less MeOH in water. The lower the content of MeOH in the
solution, the higher the surface energy of the treated membrane which improves its non-
dewetting properties. The contact wettability of the atmospheric pressure microwave plasma
treated membranes is stable after ambient storage in air for at least 10 days, in some versions
after at least 30 days, and in other versions after ambient storage in air for 70 days. or more.
This is beneficial for long term use of filters and consistent flow properties in gas generating

liquids.

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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sheddlnéJ or exhlblts a substantial change in particle retention, or exhibits a substantial change

in pressure drop, or any combination of these membrane properties during filtration of purified
water. Purified water can be deioinzed or distilled water. In some cases the purified water can
be water having a TOC in the range of from 2 parts per billion up to 6 parts per billion or less, a
resistivity of 17.7 megaohms-cm to 18.2 megaohms-cm or more, and average particle counts of
less than 800 counts/liter for 0.05 micron sized particles. For examiple, the APMW plasma
modified porous membrane of this invention has substantially the same permeability as
measured by pressure drop as the unmodified porous membrane substrate. That is, this pressure
drop does not vary by more than £25% as compared to the pressure drop across the unmodified
porous membrane substrate with the modified porous membrane of this invention. In some
versions of the APMW plasma treated porous membrane, this pressure drop variation does not
exceed £15% and, in some versions, the variation does not exceed +10% as compared to the

pressure drop across the unmodified porous membrane substrate.

Membranes modified in accordance with this invention can have the particle retention
properties of unmodified membranes while substantially maintaining the flux characteristics of
the unmodified substrate. In addition, the atmospheric microwave plasma treated porous
membrane composition does not promote the nucleation of gases on the surfaces of the
membrane when in contact with or during filtration of an outgassing liquid; these membranes
can be characterized as non-dewetting. Thus, when filtering an outgassing liquid such as but not
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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polytetrafluoroethylene, modified polytetrafluorethylenes, perfluoro (vinyl alkyl ether), FEP,



20

25

30

25The results show that a pol yneric porous nenbrane
treated by an atnospheric pressure m crowave plasma in
the presence of a gas including a gas like He or air
result in a nodified porous2senbrane that is contact
wettable wth a solution of MeOH in water, where the
m ni mrum anount of MeOH in water in the solution to
contact wet the porous nenbrane is at least Iwt%]| ess,

' | 2 W% | L h .
UPE, pobBuBBRS <o siimb RS e 5 hioro S e £ e a variety
of morpHyIbHes budiLsSlac @ RetingdarfiiRIcObPE] cdlRie Sndtfuldr@R Pthah@sthbrhne

to about 7wt % | ess. than the m ni num amount of MeOH in
morpholggies The menelyane ean ayie SYFRMERIR TS HPRETIGRYTS shfcture. In some

versionsHRE ERALAGhiBAPLE ¥ mbBRsROEQURe TRIMANEls drie SR RbSut 65%, in
the untreat’ed sanple 14, initial 0.03 36 JAM PTFE

some versterty gragter then labowe’ Skt anddnisyillathevb@rsiens| sreatonthan mhowtrB5%.
. ' r . 7 9%,
winou SR EUSEOLA bEDA A KL LER AU SRR e mor
durable thedgoplalit simfacenmedifiostidrer e with a fl ow of helium the
nodi fi ed nenbranes coul d be wet by 94 wt % (sanpl es

) . . . 9% '
B0 R0 LM B3 RIS 0 conor
one or nBfe laysiy. | IalsoteOErsionhE Bonmrsbneambrane ondycbreaynatclels dofyltration

layer su@grbrl\é%qu (§|’P€J Lﬁgﬁ#% /mcb/sbgﬁa§ 9 %??}ef?e@%\it??&g’ogﬁitg?jirgg ?ayers can

gredter an 0 1°N wat er .
provide puppesufoe amiimren fdivaiql lagem fdirexatpbalargapan sedesoppdre iayers on either

. | a flow of. air he difi ed nepbranes coul d be
side of it sfhelisBius i Bitimiar Y O RAVAY 2xaped Bjemsbrihs pey be o
membrahé W4th|0ﬁﬂ\‘i6 %sbaﬁiﬁblk’g&:&é aﬁdct;Jf&j :o@ {msy hehidera gedieabof pdrys or a
.. toTaple 6, AP . Gz aspm, treated poroys X
distributiay o RTE S128% %faé’srsdﬁ‘ﬁdﬂet@gﬁt%ﬁ"é‘%nﬂh?gi-lngaa% fusiop bonded

togetherMix sb@@WefMns the F8fouSdhbrahél & HmiirdforBuyReiitiihe. 0. 03U
m 14 97% 97%

Atmospheric pressure microwave plasma treated membranes of the present invention
are integral and free of pinhole defects. They can be used as‘a flat sheet media, they retain
sufficient strength for pleating and can be used to form pin hole free pleated membrane packs,
or they retain sufficient strength to be bonded to other supports. For example, the APMW
plasma treated membrane has sufficient strength and integrity that it can be pleated with one or
more support or drainage support nets. The pleated APMW plasma modified membrane,

drainage nets, a core, a cage, and endcaps can be bonded together to form a filter cartridge.

In some versions of the invention, the porous base membrane is free of an externally
applied coating of monomers prior to atmospheric pressure microwave plasma treatment.
Alternatively, in some embodiments, the gas used to form the plasma is free of polymerizable

monomers.

The porous membrane substrate is a thin polymeric composition which can be used for
separating impurities like particles, ions, proteins, gels from a fluid or slurry. In some versions
the porous membrane has the retention and structural characteristics 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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MeOH in water in the solution to contact wet the porous membrane is less than the minimum
amount of MeOH in water in a control solution that contact wets an untreated sample of the
porous membrane. In some versions the porous membrane is microporous or ultrafiltration
membrane. Membrane pore sizes can be within the range of about 10 microns to about 0.001
microns. The membrane substrate can have any convenient geometric configuration that can be
atmospheric pressure microwave plasma treated to form Iyophilic or hydrophobic surfaces on
portions of the membrane including a flat sheet, a corrugated sheet, a hollow fiber or the like.
The membrane can be supported or unsupported, isotropic or anisotropic, skinned or unskinned
or can be a composite membrane. The membrane substrate can have a thickness between about
5 microns and about 250 microns, preferably between about 10 microns and about 200 microns,
and more preferably between about 10 and about 30 microns. Porous membrane substrates can
include porous or microporous halogenated polypolyolefins such as polyvinylchloride,
polyvinylidenefluoride, polytetrafluoroethylene, and the like. Porous membrane substrates can
include polyolefins such as polyethylene, including ultra high molecular polyethylene
(UHMWPE) with molecular weight of between about 1 million to about 6 million,
polypropylene and polymethylpentene. Porous membranes can include polysulfone,
polyethersulfone, polyimide, and polyamide. Fluorine-containing polyimers can include
polytetrafluoroethylene (PTFE), fluorinated ethylene-propylene copolymer (FEP), ethylene-
tetrafluoroethylene copolymer or a perfluoroalkoxy polymer (PFA). In some versions the
fluorine-containing polymers can be modified PTFE resins containing at least 98 percent
tetrafluoroethylene with modifiers such as but not limited to hexafluoropropylene,
perfluoro(alkyl vinyl ether), mixtures of these or others. In some versions of the invention the

porous polymer is PTFE or expanded PTFE.

In one version of this invention, a surface modified porous membrane is formed having
an average pore size of 0.05 micron or less. The membrane is formed from a fluorine-
containing polymer membrane substrate comprising polytetrafluoroethylene. The porous
membrane substrate has its surfaces modified by passage through an atmospheric pressure
microwave plasma apparatus at a power of greater than about 400 watts. The plasma modified
porous membrane is contact wettable with a solution containing 96 wt% MeOH or less in
water, the modified porous membrane is non-dewetting, the membrane remains translucent,

following autoclave treatment in water at about 135 °C for about 40 minutes.

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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handling surfaces as well as inner pore surfaces. The polymeric porous membrane can have a
portion of one or more fluid contacting surfaces APMW plasma treated, or the porous
membrane can have all of its fluid contacting surfaces completely atmospheric pressure
microwave plasma modified. Both sides of the porous membrane can be treated in the plasma
using one or more passages through the treatment cavity. The higher the density of surface
groups formed on the porous membrane surfaces, the greater the wettability and the more
resistant the porous membrane is to dewetting when filtering a gas containing liquid, a gas

generating liquid or other similar fluid.

The pressure drop of a filter is a measure of the resistance of the fiiter to liquid flow. A
high pressure drop indicates a high liquid flow resistance, such as when the filter is dewet or is
plugged by a gas or particles in the membrane pores. A low pressure drop indicates a low
liquid flow resistance, such as when the filter is new and completely wet. In most cases,
pressure drop data should be considered relative to the same filter before and after atmospheric
microwave plasma treatment. Pressure drops can be measured in pounds per square inch (psi)
or Pascals of differential pressure across the filter normalized at a constant liquid-flow rate of
1.0 U.S. gallon per minute (gpm) or 3.78 liters per minute (Ipm). During testing, pressure drop

is most p;eferaﬂ]y measured with purified water on a pre-wet and flushed filter.

Contact wettability refers to the ability of a sample of a test liquid applied to a portion
of porous membrane to fill the pores of the membrane with the test liquid throughout the
thickness of the membrane. The wet portions of the membrane appear transparent compared to
un-wet portions of the membrane. Contact wettability refers to the ability of a sample of a test
liquid applied to a portion of a porous membrane to immediately, or within about 1-2 seconds,
fill the pores of the membrane throughout its thickness with the test liquid such that the
membrane appears transparent relative to the opaque appearance of portions of the membrane
un-wet by the applied liquid. The wet portion of the porous membrane permits a flow of the
liquid through the membrane. In contrast, the base membrane or a porous membrane
insufficiently treated by APMW plasma to make it lyophilic or hydrophilic will remain opaque
when the test liquid is applied to it or the membrane may slowly, greater than about 5 to about

15 seconds, begin to wet the portion of the porous membrane with the liquid applied to it.

The wetting property of the membrane can be determined by applying test liquids of
various surface energy to the plasma modified polymeric membranes in versions of the

invention.
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The atmospheric pressure microwave plasma modified polymeric porous membrane
surfaces that are contact wettable are also non-dewetting. Non-dewetting refers to modified
porous membranes compositions that remains wet with liquid after contacting or filtering a gas
containing liquid; the gas does not displace sufficient liquid from the pores of the membrane to
increase the opacity, increase the pressure drop, or increase flow time characteristics of the
APMW plasma treated membrane surfaces. An increase in any of these properties greater than

25% is considered a dewet membrane.

The non-dewetting properties of APMW plasma treated porous membranes of the
present invention can be determined by heating a membrane sample wet with a liquid in an
autoclave above the boiling point of the liquid. If a porous membrane sample is non-dewetting,
the sample will remain wet and translucent following the autoclave treatment. For example, if a
wet APMW plasma treated porous membrane sample is non-dewetting, the sample will remain
wet and translucent following autoclave treatment. If a wet base membrane or a wet APMW
plasma insufficiently treated-to make it lyophilic or hydrophilic is subject to the same autoclave
treatment, it will de-wet and appear opaque following autoclave treatment. In another
illustrative example, an APMW plasma treated PTFE porous membrane wet with water is non-
dewetting if following autoclave treatment at a temperature of 135 °C in water for 40 minutes
the porous membrane remains translucent. Non-dewetting differs from a contact angle
measurements of a film’s surface energy in that non-dewetting refers to the wetting property of
the membrane throughout the membrane’s thickness rather than just an outer surface of the

membrane.

Dewetting can be measured on treated porous membrane coupons. The membrane may
be wet with a low surface tension liquid. For example it can be wetted by isopropanol, then
rinsed or flushed with water to remove the IPA from the membrane. The membrane can be
placed into a container with water and placed into an autoclave at 135 °C for about 40 minutes.
During the autoclave process gas dissolved in the water will come out of solution, the solubility
of the gas in water decreases in the autoclave, and the gas can displace water in an untreated
membrane. This is an example of a gas containing liquid contacting the membrane. Flow times
before and after the autoclave treatment may be performed to 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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the membrane is not exposed for a period of time sufficiently long to cause drying of the
membrane. This for example could be determined by weight change of 2 wet membrane
sample compared to its dry weight. During use in a filtration process, the filter can be exposed
to air under small pressure differentials across the filter such as during a replacement of the

liquid being filtered.

A flow time for a porous membrane sample can be determined by wetting a sample of
mermbrane with a low surface tension liquid, and then flushing the membrane to remove
residual wetting liquid. At a fixed pressure inlet to the membrane and a known volume of
liquid, the time it takes to flow the liquid (which can be temperature corrected for viscosity)
through an area of the membrane can be measured. For tight membranes the flow time is
longer than for more open membranes. For example, a pressure of about 10-12 psi can be used
to flow about 100 ml of water through an IPA wet and water flushed porous membrane having
an area of about 20 cm? and the time measured. This test can be made on control, APMW
plasma treated samples, as well as atitoclave treated samples of porous membrane and the flow
time and temperature measured. The test can use filtered water as the liquid. This helps to
exclude other potential flow rate reducing effects due to viscosity differences in the liquid or
due to increased resistance to flow.caused by particulates removed from the liquid which can

become trapped on the membrane surfaces.

Versions of the invention may include an APMW plasma treated membrane configured
to remove contaminants from liquid in a fluid flow circuit. The membrane may be configured
in a filter cartridge and the filter used to remove particles from an SC1 or SC2 cleaning bath in

a re-circulating or single pass wafer cleaning apparatus.

A water bubble point pressure test can also be used to characterize the degree of
dewetting observed in an APMW plasma treated porous membrane or control porous
membrane. Generally the lower the water bubble point pressure of a membrane, the higher the
potential for dewetting upon exposure to air. The water bubble point pressure of the APMW
plasma treated porous membranes of the present invention are greater than the water bubble
point pressure of insufficiently unmodified or control porous membrane substrates. The water
bubble point pressure test method measures the 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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modified SEMATECH particle retention method described in Millipore Corporation Technical
Document MAO41, available from Millipore Corporation, Bedford, Mass., USA and which is
incorporated herein by reference. In some versions of the invention it is expected that the
particle retention properties of the treated membrane will be substantially the same, within

about =25% or less, than the unmodified membrane.
EXAMPLE 1

Atmospheric pressure microwave plasma treatment of multilayer (support, filtration,
support) 0.03 micron PTFE membrane samples was performed with different gas species, flow
rates, power, voltage and treatment times (line speed). In this example, pieces of membrane
were cut into 12”°x4” pieces and atmospheric plasma treated at various conditions on a rotating
electrode (one electrode is moving and the other one is fixed). The experimental conditions and

results are listed Table 1.

The strength (max load) of control and APMW plasma modified porous membranes are-
summarized in Table 1. ‘The results show that modified membranes retain greater than 70%
(substantially) of their original strength and have improved wettability compared to the control-
sample. Through choice of conditions, the stréngth bf the modified membrane can be greater -
than 80%, greater than 90% and greater than 95% of'the untreated porous membrane. Higher
strength is advantageous because it permits higher differential pressures and or temperatures to
be used while maintaining membrane integrity; it also provides higher yields during bonding

and cartridge making operations.

The contact wettability of atmospheric plasma treated porous membrane (samples 1-12)
after initial treatment, day 0, and following extended ambient storage, day 71, are also given in
Table 1. The contact wettability of each of the porous membranes following the APMW
plasma treatment improved relative to the control sample because a test liquid with less MeOH
by weight could be used to contact wet the APMW plasma treated porous membranes. The
wettability following extended storage in air showed that no change in contact wettability
occurred after 71 days except on the sample made under the conditions in sample 9. 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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Table 1 0.03 pm PTFE APMW plasma porous membrane.

Sample Conditions Wettablity Max
Ioad
Gas Gas | Power | Voltage {Line Day 0 |Day?71 ™) %
species | Flow speed
Rate
(SLM)
(w) kv) | (ft/min)
control 95% 95% 29
1 He 3 400 3.7 65 94% 94% 26 90%
2 He 3 850 5.3 65 94% 94% 29 101%
3 He 3 850 53 9.8 93% 93% 26 89%
4 He 5 1250 5.9 9.8 93% 93% 27 95%
5 He 3 1500 6.4 9.8 93% 93% 25 87%
6 O2/He }1SLM/2] 1500 6.4 9.8 93% 93% 28 95%
SL.M
7 07 3 1500 6.4 9.8 93% 93% 28 95%
8 He 3 1500 6.4 9.8, 93% 93% 21 73%
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/CH,| 2.85 2400 6.5 9.8 93% 93% 23 79%
$lm/0.15
slm
12 He 3 2400 6.5 9.8 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 2 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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after the initial wetting and drying in air that the membrane retained its contact wettability
following ambient storage at room temperature in air after 10 days or more and after 70 days or
more. These results illustrate that the APMW plasma modification is stable such that the
contact wettability remains essentially constant over time, or the wettability changes by 1% or
less in the added amount of MeOH in the aqueous solution used to contact wet the membrane

following the initial plasma treatment (see sample (9) for example).
EXAMPLE 2

The conditions and results of an atmospheric pressure microwave plasma treatment of a

single layer 0.05 micron PTFE porous membrane are listed in Table 2.

Table 2. 0.05 pm PTFE single layer porous membrane APMW plasma treated

Example Conditions Wettablity Max
Load
Gas | Gas | Power | Voltage |Line. Day 0 |Day 71 [Newtons| %
species | Flow speed
Rate
(SLM)
(w) (kv) | (ft/min) ()]
control 97% | 34
13 He 3 2400 6.5 9.8 96% 96% 28 81%

Sample 13 showed that the wettability was improved after atmospheric plasma
treatment and that the membrane retained greater than 80% of its strength. The untreated
control sample, initial 0.05 micron PTFE membrane, could be wetted by an MeOH solution
with an MeOH concentration equal to or greater than 97 wit% MeOH. After atmospheric
pressure microwave plasma treatment, the modified membrane sample 13 could be contact wet
by 96 wt% 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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ambient conditions the dry modified membrane was contact wet with MeOH and water

solutions to again determine the contact wettability of the modified membrane.
EXAMPLE 3

Untreated 0.05 micron PTFE porous membrane and 0.05 micron PTFE porous
membrane following atmospheric pressure microwave plasma treatment were first wet by
isopropanol, then rinsed or flushed with water completely. The porous membrane sample was
put into disk holder under restraint and soaked in distilled water in an autoclave at 135 °C for
40min. The deionized (DI) water flow rate on the autoclave treated samples (control and
APMW plasma treated membrane) was measured before and after autoclave with positive

pressure at 14.2psi. Results are shown in Table 3.

Table 3 Autoclave non-dewetting test results

DIW Flux (L/m?-s)
0.05um PTFE Before Autoclave |After Autoclave Flux loss
et 0.79 0.64 19%
eiore
APMW 0.98 0.66 33%
0.84 0.74. 11%
1.26 1.31 0%
After APMW 15735 1.45 0%

APMW: atmospheric pressure microwave plasma treated.

For the unmodified membranes, “before APMW?™, Table 3 showed that autoclaving
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 relativeé 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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EXAMPLE 4

Vacuum plasma treatment of multilayer (support, filtration, support) 0.03 micron PTFE
membrane samples in helium gas (Table 4) and hydrogen gas (Table 5) gas were prepared to
provide modified membranes having contact wettability in a solution of 94 wt% MeOH in

s water. These vacuum plasma treated membranes had slightly lower contact wettability or about
the same (compared to sample 1) as those in Table 1. The strength test results show that the
vacuum treated samples, even at reduced power (250-300 W) compared to the power used for
the APMW plasma treated samples (400-2400 watts), resulted in modified porous membranes
whose strength was almost reduced by half compared to the control samples. It was also

10 observed that a vacuum plasma treatment time of about 1 minute for these porous membranes
under these conditions did not form a modified PTFE porous membrane that was wettable with
94% MeOH (short time was used to try to minimize membrane strength degradation under

vacuum plasma conditions- results for this short treatment are not given in Table 4 or Table 5).

Table 4. Frequency (13.56MHz), 300W, pressure 300 mtorr, Helium flow 100 scem.
15 ‘

Membrane | Flow MBP Max Load | Wettability
Time (psi) ™) MeOH
(s/500ml
PA)
Control 1105 63 23 95-96%
He plasma 1114 63 13 94%
VP 6

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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These comparative results show that stronger membranes can be formed using APMW
plasma treatment for the same level of wettability compared to vacuum treated membranes.
Stronger porous membranes are advantageous for bonding and or pleating of modified
membranes into devices and is advantageous because the stronger membranes can withstand

greater process pressures and temperature without integrity loss.
EXAMPLE 5

This example illustrates the atmospheric pressure microwave plasma treatment of
porous membranes and their contact wettability and strength. For this experiment set, the
membrane was treated 10 times in a plasma using a power of 2. 4KW and helium flow rate at
3slm or static Air environment. In this example, the samples had membrane thickness of about

15-20 microns and generally less than about 30 microns.

The strength of the membrane was determined in a web direction (WD) and a machine
direction (MD). The strength of the control samples (14, 23, and-32) are given in the Table 6
and are about 24 Newtons (IN) or more. Treated sample, for example 34 had a WD of 12.7N
and a MD of 22.7 N which averaged to about 70% of the control. In another sample, for
example sample 18, the strength was WD of 32.8'N and a MD, of 40.7 N which averaged to
about 73% of the control.

The results of these experiments are summarized in Table 6 and show modified
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 wt% 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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pm PTFE membrane, could be wetted by an MeOH solution with an MeOH concentration
equal to or greater than 97 wt% in water. After atmospheric pressure microwave plasma
treatment in an atmosphere with a flow of helium, the modified membranes could be wet by 94
wt% (samples 16-18) MeOH solution, which is 3wt% less MeOH and indicates better
wettability. The untreated sample 32, initial 0.05 pm PTFE membrane, could be wetted by an
MeOH solution with an MeOH concentration equal to or greater than 97 wt% in water. After
atmospheric pressure microwave plasma treatment in an atmosphere with a flow of air, the
modified membranes could be wet by 90-93 wt% MeOH solution (samples 37-40) , which is 4-
7Twt% less MeOH and indicates better wettabilify.

Table 6. APMW (2.45 GHz) plasma treated porous membrane.

Pore |Condition|Sample# MeOH Max Load (N)
size Wettability
"Gas | SL Side-A] Side-B| WD | % MD | %
M
0.03u : 14 97% | 97% | 46.3 53.7
" m . N
He | 3 15 95% | 95% | 393 | 85% | 434 | 81%

16 94% | 94%
17 94% | 94%
18 94% | 94% | 32.8 | 71% | 40.7 | 76%
AVE 78% 78%

AIR 19 92% 92% | 43.0 | 93% | 45.0 | 84%
20 93% 94% | 432 | 93% | S52.1 | 97%
21 92% 2%
22 92% 92%

AVE 93% 90%
0.03u 23 96% 96% | 40.7 56.7
m

He | 3 24 95% 95% | 347 [ 85% | 492 | 8%

25 95% | 95%
26 95% | 94%
27 94% | 95% | 339 | 83% | 504 | 89%
AVE 84% 88%

AIR 28 92% 92% | 355 | 87% | 56.5 | 100%
29 92% | 92% | 36.0 | 88% | 52.0 | 92%
30 92% | 92%
31 92% 92%
AVE 88% 96%

0.05u 32 97% 97% | 24.0 26.0
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CLAIMS
What is claimed is:
1. A composition comprising:

a halogenated polyolefin microporous membrane including one or more surfaces with
an O/C ratio of greater than 0.06, said membrane has an LRV of at least 3 for 0.1
micron or smaller particles in water, said microporous membrane is contact wettable
after 10 or more days with a solution of 96 wt% or less of MeOH in water and is non-

dewetting after autoclave treatment at a temperature of 135 °C in water for 40 minutes.

2. The composition of claim 1 where the halogenated polyolefin is
polytetrafluoroethylene.

3. The composition of claim 1 where microporous membrane has a WD strength and a

MD strength of at least 12 Newtons when the membrane has a thickness 30 microns or less.

4. The composition of claim 1 where the microporous membrane is contact wettable with
a solution of 94 wt% or less of MeOH in water and is non-dewetting after autoclave treatment

at a temperature of 135 °C in water for 40 minutes.

5. The composition of claim 1 where the membrane has one or more regions or layers.
6. A filter comprising the composition of claim 1.
7. The filter of claim 6 wherein said filter has less than 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
0.06 to 0.08.
9. The composition of claim 1 where the halogenated polyolefin is modified

polytetrafluoroethylene.



