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NANCCOVPCOSI TE MEMBRANES AND METHCODS OF MAKI NG AND
USI NG SAME CROSS REFERENCE TO RELATED APPLI CATI ONS

w{ 0@BLYssThi s application clainms the benefit of PCUNUEBUG6/007037
States Application No. 60/660,428 filed March 9, 2005,
which is hereby incorporated herein by reference in
its entirety. BACKGROUND {)00021}@? of oul :Ezsg is a mjor
concern with ndUANOEEYPOREXE (e.g.,

reverse o i I & =Y ranes)
because i camfﬁ?g%QWQ$%@g? %@rﬁkﬁﬁgﬁes
many applications such as seawater and bracki sh water
desal i nation, as well as conventional water and
wast ewater treatnment. A breakthrough in the field of
menbr an Iy} e Nt film
Composi (e OSSIMIERENGE [ORMUFLPAPELICATIONS |
ultra-thin "barrier"” |ayer supported on a porous

[00013 (thss apwiieatiohmdaignstthe berfeifit of ToitqabStiates Appiibatamaso. 60/660,428 filed

I ide.thip filmconposjte nmenbranes have been
Marc St Eiches Brrgby Pedpbodbare puFiereatn Snentrety.
appl i cations such as seawater desalination, surface
wat er treatnent, and Vgaicg@ReUNBC! anation due to
their excellent separation performance and energy
efficiency. [0003] In recent years, the water
[0002p &ipealing istaymajpr careganvith neidemolegairiatien tiembrindsife.g., reverse

e T R P T
plaguédnBny AdpRcHVTRARET & JEBWRIARRELAEIE IR Yesalination, as well as

commer cialized for use in RO) separations such’ as
convestionw water dad avastewaten treativesng r A toresdthrewgh inahel field sif eventlerane

recl amat.i o ue to, their.excellent nenbrane . .
separdy{iie 3 iy velpBpht of i PTG 1o OR o oHRlER A gherpeterized
by an @8FHHIH « ”? C i

Y an e AR PR AERrd B} phRkS stb il PORGR ey S Groposice

membparek gpalyanuide thie filro compbsitd magbranks kdvetbepn oaddly caamerialized for
be .el im nated by feed water etreatment, nenbrane

water B figtion, sRfieariohs FUER 25 AGHIA'ES SRBHBB GRS RV PRt Zertmen, and

s R O AR o LIPS Tl and ey efcincy

Mcrofiltration: Mechani snms of Deposition and Rel ease,

[0003] bureneit yedrs Nberwatom peBosabilty o2dehveRiddivh) pdlydmida thimelln composite

amount of mcrobial. deposition can . result in extensjive
memtETF Pt i DU TR ALy e B GO Flgs Tt 5 W ghigption
PolyaRRR B Mth RIERSHE GienfRth TR EwidefLoahertABME R use in RO

cleanings. This in
separations such as seawater desalination, water treatment, and wastewater reclamation due to

their excellent membrane selectivity. Despite this advantage, one concern with conventional
polyamide (PA) thin film composite (TFC) membranes in these applications is their loss of
performance due to biofouling, which typically cannot be eliminated by feed water
pretreatment, membrane surface modification, module and process optimization, or chemical
cleaning. S.Kang et al., Direct Observation of Biofouling in Cross-flow Microfiltration:
Mechanisms of Deposition and Release, Journal of Membrane Science 244 (2004) 151. A
small amount of microbial ;leposition can result in extensive biofilm growth, which in RO
processes leads to higher operating pressures and more frequent chemical cleanings. This in

turn can shorten membrane life and compromise product water quality.



turn can shorten nenbrane |ife and conprom se product
wat er quality.[0004] Therefore, there remains a need
wé esocmegsinds and conposi tions that overcone thPSEUS2006/007037
deficiencies and that effectively provide for
menbr anes havi ng i nproved fouling resistance,
anti-mcrobial (biocidal) activity, water
[0004} drheecdipriel thee remaths saieed fajreethodsrand SoMpBF 0BG verqome these

accord e Wth the pu se(s) of the invention, as .
defic i SRR, ek ustipy LT Fisilorihs bioe SHErovRd it P8 pesisance,
anti-thidrdbg (BidBREN actiAlydWaker hOmicaBARY CRATRIS kdjotisRbr ane

conprising a film'conprising a polymer matri X

conpri sing and nanoparticles disposed within the

pol ymer matrix, wherein SUMMARY i s substantially

perneabl e to water and substantially inperneable to

' I thes hi further .aspect. the nenbrane, c .
10008y TP b8 B B b BN B, 008850 7 yoacty deserioed
hereid, Whd MOEntRTP L éne dspect) BMERb @ Rah@lotp@Sitd Mebrane comprising a film

nanoconposi te nmenbrane conprising a filmconprising an
compyiptng afpbinadriyatys lcomprising chnd alageparddendispasgd antbinzibe ipotymer
.nanoparti cl.es. di sper.s wi thin the polyne trix,
iR B 1 WO RER T el o B S pgprmeate to
impuidiiét. Il 0Fadriaghdcy, thaREMPRAL c8n ARthSPEdHRdeU Sdrdphilk layer.
further aspect, the nenbrane can further cornprise a

hﬁgrophilic l ayer. [0007] In a further aspect, the o
[0006] Ay a Agritlesn aspech thssinyentipnirelates do & sangspmpasiiaigermbrane comprising a

site. nmepbrane conpri.sing the.steps of .
i ARG St a0 PP ECE TR AT WP Zoothq mpogarticts
dispe@Bdiwithid ths bolyeie® iitrikt, Raterdis tHY el RIs8bMadtialy PErn@b& to water and
l'iquid;, providing an apolar m xture conprising an
substapbig|ls imperogrble do betivmtionst Iy aifwthes @bisict thé mbmbreme gan Srrther
l.i gui d, and,.a, second nononer that is mscible with the
complélf)eo?gbfdrij}ir’}ah? ba:yelbr ovi di ng nanoparticles in either the
polar mxture or the apolar mxture, wherein the
[0007D 2 @ PiafHer 64R6t, MeLinteriioh REIBteWhd HndelRd daBPpRparid Ll hfhoBSEposite
mscible with the polar liquid, and contacting the
membpaegonrising the aigps efworiduiga patiuxmixture gomarisiogp @okar liqeid and a
ufficient to act, t.he first.mononer with the.second ..
first R OBIRE A0 by bPel i Mol B GPe 3 o G pinprising
an apdTRAIRIRd si@ithntinBy SR R0HISRIR MRS pd1g: HREMR PRCYA®Mmonomer that is
. .matrix, wherein the nanoparticles are disposed w thin
misciblp avifhghg apelamiiquid;proyidmgghnoparticlésinteitber the pelat mixtuee or the
invention relates to a. method for ar i a . .
apolar st i Berb P Bk anIE sttt i S Cimgle i dangepisgibte
with tRe POLbYB&Ui8.0RA JTRIABHRS e pBlaR TiRAHEAISthS 8polkd Bikture at a temperature
conpri sing r-phenyl enedi am ne, and pouring onto the
sufficicobiioadags the gt monemerawitlh theseeond monomer, thereby interfacially-

polymerizing the first monomer and the second monomer to form a polymer matrix, wherein

the nanoparticles are disposed within the polymer matrix.

[0008] In a further aspect, the invention relates to a method for preparing a nanocomposite
membrane comprising the steps of soaking a polysulfone membrane in an aqueous solution
comprising m-phenylenediamine, and pouring onto the soaked polysulfone membrane a
hexane solution comprising trimesoyl chloride and zeolite nanoparticles suspended in the

hexane solution, thereby interfacially-polymerizing the m-phenylenediamine and the



hexane sol ution conprising trinmesoyl chloride and
zeol ite nanoparticles suspended in the hexane
wagoboaiobssmz t hereby interfacially-polynerizing PaEUS2006/007037
r - phenyl enedi ami ne and thetrinmesoyl chloride to forma
film wherein the zeolite nanoparticles are dispersed
within the film [0009] In a further aspect, the
trimesorl, @fleridstorfern pdin, whareiniie eevkie arnaparioits-an dispersed within the
Slm. conprising a filmhaving a face, wherein the film
conprises a polynmer matrix; a hydrophilic |ayer
proxi mate to the face; and nanoparticles disposed

[0009YVIit BifiirtHe aspry e tikértionlraliRs to MhgiRbipb&R: théhBrahs comprising a
supstantially perneable to water and substantially

film hawgagrarfe%ﬂa Méherein tlmfdm quesise§ Ppalypenmatiix; @&wﬁmphdwﬁem

oo b KBRS 2 SRR DR LB SHRI P i

film iPEDEiabii NG, FRmRABIE 6! & aftk ¥hdSBsAARTY BiPRen W Eto infburities.
hydrophi I'i c pol yner, nanoparticles, and optionally, at

| east one crosslinking agent; providing a polynmer film
[0010] fine fyrthes aspsetathe 1av¢r5ﬁmpé¢1ﬁ@atﬂ emethoddbepreparthg a nanocomposite
meml{%%n%scto‘%l&ns%né tgcﬁ atnB Rrg}p engtat%ealfqgg%)u{s;r%#(ﬁ.]rﬁ 58@{3}15}% Wralt I, a
hydro?Mﬁl‘; PBRinler nanBPAGOIRE GHH bﬁu&ﬁﬂ'@r ati18asE O @68slinking agaﬁ prov1d1ng
I m and evaporating | east a portion of the wat

a polymyes film ﬁbathwrb@wntwlﬂscpmmddg tepwsier and miantl{iltmmqenncabée to

rth ct..the invention relates.to.the products .
impurls e B8 A g b R s Hoins B RGesbf fpoomposite
layer inWohtAef waB BeCfiln; A8 el ipoeRingQR 1da8l AR 8odh 6f !E%Wh@é}%cﬁﬁ’ Ehe

purifying water conprising the steps of providingt
hydrophiHe satqsesipositaierdir anes of the invention or the
products of the invention, mhereln t he nmenbrane has a

r ace a Sec nd f ont i .St

0011} 12 bR oot 1B SRR 5155 (EPH St bl methods of
the invéakigAe having a first salt concentratlon at a first

pressure; and contacting the second face of the

menbrane with a second solution of a second vol une
[0012h v fgthar asweenthegayantion rdetas foaneibadsfor pueingerater comprising the

wherein the first sol .S
steps QSRR RGP PRo e ahnG udhe A oiTer f shofthess of the
1nventifﬁi rhefen thehesehiand Ba J filsblacs Md a SRBAE ﬁfcéaédn%tlh% the first face
gher than the second salt concentration, there
of the crre@dxrallﬁgwréh adisstplugiop péa ﬁm’c efohmm)@e/mmﬁrse setdt @mneentmon ata
the RLESS suffjcient. r .t han

first pYREE g s ipr Wity BERR T ol rreiemb a8 Rt o op e gy oca
second V&ﬁﬁ@habﬁgra%%ﬂaﬂsalt%n&%ﬁﬁ% MO 4405 BHEsURS MRRRM the first

the first vol une.
solution is in fluid communication with the second solution through the membrane, wherein

the first salt concentration is higher than the second salt concentration, thereby creating an
osmotic pressure across the membrane, and wherein the first pressure is sufficiently higher
than the second pressure to overcome the osmotic pressure, thereby increasing the second

volume and decreasing the first volume.

[0013] In a further aspect, the invention relates to methods for concentrating an impurity
comprising the steps of providing the nanocomposite membranes of the invention, wherein

the membrane has a first face and a second face; contacting the first face of the membrane



[0013] hi a further aspect, the invention relates to
nmet hods for concentrating an inpurity conprising the
WG @ps9s3i72 provi di ng t he nanoconposite nmenbr aneBCDUS200€007037
i nvention, wherein the nenbrane has a first face and a
second face; contacting the first face of the
i menbranewi th a first mxture of a first volune havin )
with o 9 TSRS P 1o YO BRI ek SISty PTG BeL st Pressure
contacﬁﬁ% {h%ggécﬁlxg fﬁébeoistﬁg Ath: AeSvial ?E&%n@ BARALANS MebbndBvolume
sétond m xture of a second volune having a second
having 4§2dénd mmoitg esriceatrativnm st secomd poessunpy skl lectingitie impurity,
collecting the inpurity, wherein the first mxture is
whereipihg its} ELEFAHS i BN COMTHFRtIoR S EL 6 feraugsalitign through the
r . i t:he: |e i i . .
memblgl Wit 1 BRF R Ay OREREN L RIS Bgn b impurity
conceriRM6Ethérdby oratidd @t eddyotivrpredsireticauss dsmembrape esd wierein the
across the nenbrane, and wherein the first prgssure,i S
first pregpurs isiseficisntlyibighsr thandbe sesendREsHEe (rRSEQPE the osmotic pressure,
overcone .4 h [ : ' easi ng the
thereh ARG S ey PR TP Ry Mol B 251 P8 1
Addi ti onal advantages of the invention wll be set
[0014]f @yddhtional ABGhtapes dflike hesrtionpdillore sshiaath iholattdnthe desetiption
. part will be obvious fromthe description, 05 y gg} .
which e andin Rarwil eeeotorowsHEom frciperTationT o navibe redd by practice
of the iRnventi i i Zs : j f
of the fyeh MMM LRI e RubiRin AR AL HEtip W py means o
the elepfinttia@d conbidafichdgardpiiety peintddanirn the bppendbdclains. It is to be

understood that both the foregoing general descrijptjon, .
understngl thiidoflvihe doseaping Sengrpledeseraniion; 3o f@@@lf&%ﬁ%iﬂéﬁ{ﬁmptm

an xpl : I.GL1 f, .t
are xRN R BLB b Y o8 Pl B gt igfyas cMimea.
FI GURES [ 0015] The acconpanying figures, which are
i ncor por at eBRIERDESCRIEXTION ORTH® FIGURHES s
specification, illustrate several enbodi nents and
t oget her with the description serve.to explain the .
[0015]5Flgracpmpanspng fgees. Witk psADCTRY 1@§ “Fi“g‘g?‘g‘s&tu%%" S

. o e t ' j el ES: "
pesi I MY RIS 28l LS HARNEL G e o
explaif it gresiplecd ke mvpaiomani de and zeol ite-pol yani de

nanoconposite nenbranes. A hand cast thin film

conposite (TEC) pol yam de nenbrane j.s shown in (a) and
100161 v NER PR 16 SERBOGeR & cp NN MRAPGH S
synthesi zed with increasing concentrations zeolite

i | RitaAVRWENM Bnk Kf%(r%&f fel A:k8ke and

[0017121?1381%?%40%2 régrepr es\eg%t atﬁ}lv‘cgeé)s'?E [ naggsfpgeﬂhand cglgrt1

zeoliteppislgannidk yamocdepoBi® membranes. A hand cast thin film composite (TFC)

polyamide membrane is shown in (2) and hand cast thin film nanocomposite (TFN)

membranes synthesized with increasing concentrations zeolite nanoparticles are shown in (b)

through (f).

[0018] Figure 3 shows representative TEM images of hand cast pure polyamide TFC at
magnifications of (a) 48k X and (b) 100k X and hand cast and zeolite-polyamide TFN
membranes at magnifications of (c) 48k X and (d) 100k X.



magni fications of (a) 48k X and (b) 100k X and hand
cast and zeolite-pol yam de TFN nenbranes at

wore@niodsscat i ons of (c) 48k X and (d) 100k X. DEFRGI/LED06/007037
DESCRI PTI ON [ 0019] The present invention may be
understood nore readily by reference to the foll ow ng
detai |l ed description of aspects of the invention and
t he Exanpl es i ncl DETAILED BESCRIFHON he Fi gures and
their previous and follow ng description. [0020]

o015 5 e FETRPAPR BRI eatl ioning

detaileli ldeb@iption BE aspREIS oS tiRAHvdriiah ahd €y Braenpiet intluded tereimand to the
speci fpl c synthetic nethods unl ess otherw se specified,

Figurepand tiejyarevieus aad followiaadssaiptiess ot herwi se speci fi ed,
as such may, of course, vary. It is also to be
rstood that th erm L o
onan 5 s b LRGP, H36E RCELE shacf lihgar

discloded al@Uedchibedden b Be heddritobd ihagthepareRoE LitifEl @NSpdcld2sdjthetic
Al t hough any met hods and materials sinmlar or

methodsyuilessiodarwiss spersiied, @b tcparbetlantengsnts whess pHhenwisg spepified, as

the practice or .testin | E ' i
suh BRI Pl 0 N IS PERESD ARG e s
the puffd928f deAtdibiny Ehﬂti@@lai embodiBithis@nédarties @bhinsnded to be limiting.

i'ncorporated herein by reference to disclose and

descri be the nethods and/or materials in connection
A. DEFINIFIQX¥S ch the publications are cited. The

publ i cati ons di scussed herein are provided solely for

[0021%&2%1%1%%% a}&kﬁg’tﬂ&ﬁ aglﬁin?{{%rﬁaﬁ? %g af bi édr?g\lra%}{t € fHosd B&cribed herein

i'cation. erel s to be construed
can beAfedh e PASicOor fobtaig dffike presae iMventiomg rexampleitsethods and materials
entitled to antedate such publication by virtue of
are noprdeserifedvent i on. Further, the dates of publication
provi ded herein may be different fromthe actual
i sl e 6GtddheRSn b darRAsSHIdidclose and
[002213 Ruﬁﬁéa %Orﬂfg%%g?n%%ésigg@ﬁcﬁe specifi cgti on and the
descriBPRRARRHo I alifo8 matdtialsinnguheutioh evithewiah the'mblicatinhs are cited.
"the" include plural referents urtll egs, t he cont ext the fil
The petlisations disqussaddsrein premppaded salelx fortheir disglogiirg prior to the filing
ference to 3 cqmy i isdo BOLY B ued a®in adiission that the
date otﬁ'ﬁplr%ﬁe +anp nlg?tﬁogégﬁgr%f%gg%reeén 13? O{B \%ggor for e s%chlssfon _
preserft MXRANSH isSnot BRitYWAED Sntediite pact publliestiorebdvittne of piter invention.

[0024] Ranges can be expressed herejn as from "apout" .. .
Furthesyithe dates o€ ptdicatien preyidsd detsin may bg gefrrent fomt ﬁg&acglaypubhcatmn

dates, %ﬂ%%l{]%l%f g%;ﬁjd\étg !b#g%%e\é\gf&nﬁy ChafAniAnge i s expressed,

[0023] As used in the specification and the appended claims, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a component,” “a polymer,” or “a particle” includes mixtures of two

or more such components, polymers, or particles, and the like.

[0024] Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another embodiment
includes from the one particular value and/or to the other particular value. Similarly, when

values are expressed as approximations, by use of the antecedent “about,” it will be



i ncludes fromthe one particular value and/or to the
ot her particular value. Simlarly, when values are
wezpeessserl as approxi mati ons, by use of the anP@UEs®NE/007037
"about," it will beunderstood that the particul ar
val ue forns another enmbodinent. It will be further
und rstood that the endpoints of each of the ranges
underé‘i"@ ﬁ?efl?aé%‘mlaft}/@%% formy ajoshar gmbpdinems  Beviillibe further understood

I t.her .en
S e e e
and imliepeddontiglofitheeititer eadisbinthaf is ARG imiarkte8d kifat Mep@arR Rinfber of
discl osed as "about" that particular value in addition

values dis¢lgsed harera, qqutbqltfeac}pmlu@;sm h;arem fisclpsed ad ‘{about? @Hatpsrticular

S.€ “
o} SEEEE b U8e RO Lprkenb b yB L3S Bl fon o
107 is dlﬁﬁ@sdl%ﬂ o is @ty aindéreiood gt %Eﬂﬁ,vahﬁﬁﬁéfﬁsﬁbsédhﬁé‘t “@ss than or
qual to the val ue" and possi bl e ranges between val ues

equal é‘? ehg Valyefigseatesdhan orpgualdp thpyalad sing possdele S&I@@sl betyechealues

a e l ue i S
e NS LB AR bkl YALAE, e, s
value “90°tigtdéscldsb@theOlese thadlor eQual %o 10°SasihS1PaH 36di18SB5h of dqubbto 107
al so understood that throughout the application, qt

is alsq disglpssd; dicld alse uadersioné thas thrauglfost thetapplicatinn sdatmi prbmtled ina
d t d t
sl A BR3P T B BB g

range€foRENY CombinaorPéf the @ith pbintAt EorRRbMple, K@ paﬁﬁ‘ﬁlzﬁf data point “10”
particul ar data point 15 are disclosed, IS

and a paygevlar dasa poinhl S glfeeiasc&nsed,hms ungm@tmd tthatt Igmattem thagg geeater than or

s 5, L0 el RSPl £ S0 e

well aaeetwbén 10tnd $5 attss)aw@dl@deﬁét@&ﬂthtah@e{ch QA Hettitich t%z)\ﬁﬁﬁﬂlar units

two particular units are also disclosed. For ex
are algordischosgdd Fasexampleliib L) awlels, are disalogdd, thed, 11132, qundm are also
disclo@d al so di sclosed. [0025] A residue of a chem cal
Spécies, as used in the specification and concl uding
claims, refers to the noiety that is the resulting

[OOZSPACtdﬂ@ﬁe &f a Eeenicd1 8pdcead] asSRes h?ﬁle sﬁec@ﬁ@a@ﬁ)ﬁ'aﬁﬂ |c§1‘iclud1n claims,
reaction scheme or subsequent formulation or chem cal

refers b)r’fbé geciety tleg iy e sesylting prdrdatch of the lsbemivhledpeciies irapartibilyr
B e S
moiety MQTEZ 6btaihed Hon ﬂletcﬁ&nf?cﬁi HREEE! Thiis %@Eﬁﬁ:}re : ﬁ%fcol residue in a

whet her et hyl ene g was used to prepa
polyesisy Ir‘ifé@tt@ pne mpr%ﬂ‘gﬁz(‘eﬂ& was tn theipdlyestst, degardlessaf whether

ter refers to gne CO noieties
ctyleROUYET Vs b Birberfe s DaRlos @R i b rebne ariBaPagis e
polyes@P kb Q@i oﬁé/ of ﬁ@f‘et OWCEERED- AEHG iR ThbIfRtE reb 181800 r
to obtain the ester.
whether the residue is obtalned y reacting sebacic acid or an ester thereof to obtain the

polyester.

[0026] As used herein, the terms “optional” or “optionally” means that the subsequently
described event or circumstance may or may not occur, and that the description includes

instances where said event or circumstance occurs and instances where it does not.



[0026] As used herein, the terns "optional" or
"optionally" neans that the subsequently descri bed
W@eenioossr2 ci rcunst ance may or may not occur, aPdr/ulzEne/007037
the description includes instances where said event or
circunstance occurs and instances where it does
not.[ 0027] Disclosed are the conponents to be used to
[0027) ﬂﬁgémsedtarﬂethe compsidntotedeaised toeprepare Hie compmsitines bf the invention

eco ositjonsg thenselves to he.used wthin the )
as we dstioge BEREs 19 bonsed W BiTHRE mithodhudieslqied Berein.
Theséfdrid cﬁﬁe?%a‘?é@ﬂs herdlcbse@Rbheint ahbit Wcﬁ%&fﬂhﬁﬂ'@ﬁeﬂ’% inations,

conmbi nat1 ons, subsets, I|ntefractions, groups, etc.

subsetsheﬁ&raat%e,rgraﬁlis, aiceoftheelmaeninlt fratdisohiseed ﬂmpemnlé |spemﬁc reference

referenc aiach v?rl ous i ndividual and coll ec%ll ve
B’ﬁ‘%u

of caqhsREPHS} sty sqraRingtons ad RergHpmRd FrgyFompounds
may rﬂ)‘?h? g%p{%gt élgé dgagﬂé?% %%gﬂ'ﬁ%l?}ge&télﬁ lﬁ%g%g%d%@rﬂbgg herein. For

examp]aritf la@afta:ulam compumdi s slisdlosed asiad sansskdding cumseetr aﬁmomﬁcauons
umber _of nodifications_that can be made to a npunber

that C%l? bfhﬁ‘laé%tﬂ Rupbe o nalepresdncludps tierompognds ge discawed.
Spemisfc&ﬁ cgfn‘é g)!la)fe(ﬁg %El@r[@ldaév%gr éo‘?‘n aa naaﬂg r}ggﬁﬁ&tgtlon %f thﬁ compound

I nati on and pernutation o e conpoun

and thmﬂdmﬁcaidne kst maqtosabke Unbss slisﬂcfﬁdatly mcmnetoltm calttayy. Thus, ifa
i ndi cat ed to the contrary. Thus, if_a class of
class aypeleciles AaB, md 6 aee dselpisdds vellss aglass ofyerofecyles P, &, gad F and

an exﬁﬁw,g%lfg%&nﬁﬁ*la lﬂl@cﬂ?e EDqud 9[0? R %v@{lﬁ%ach is not %ndlwdually

nati on rm ec ISC 636 en even

reciteé aadh ik Sndivitiualhcindi ddﬂ&étiv}élymtehlqﬂate&maanIcnﬂllbmadtiﬁd |AE, A-F,
and col | ect ively contenpl at ed maanl%ﬁ combj nati ons,

B-D, Bl BR, €D 645, atl €£-F propconidaed disgloseghdLikgisgy a8y subset or

cOmb{.h%r}r@ljl1 Pt?ﬁ%nlgggsldﬁegjgeﬁi ls_rT iglﬁéo | scP%é@g%ﬁﬁ'ﬁr&{p Gigh-E, B-F, and C-

E wold depbissiddréediselosedl Ohigs @ncéptlpplesto atingpdcts ofabisdppkcation
consi dered di scl osed. This concept applies to all
includyag, but sotdmitad to, dens ineaathesds of making ang, usigtthe eempesifiqnsef the
P t i
ey, DR e TR AR A IR By

underyta@d ﬂiayee&h o gighst b@diflbn sk P§ cdd 6 peg RRmMBE Wit dng IspRsfi¢ t
i s understood that each of these additional steps can

embogimepber erphavatignaf eabpdinds of the siethads g e igyention.

conbi nati on of enbodi nents of the nethods of the

[00281 Tt\'igﬂﬁ&egﬁoo& %%?g%lcgélg'asciﬁgﬁsgﬁﬁgaﬁ a%e}mgla\}ehc%pam nctlons

Itrons ave cer unc

Dlscchbd; hél@ﬁﬁﬁe Bertfh stradteraCfighidémers$ fot@letfofhing ewdlsamtfﬁnctlons
erform ng the disclosed functions, and it is

and lt stensithatiheretares éarsﬁt@%stwmr@%t thaiyrangrerignn heesgmerfipction
that a%?s f%ﬁ rté g{ Qlé(ﬁg ed %H:EC’[{II%Q cl ttt{l]%es L S kxﬁfl %guéa(ﬂylta:gﬁleve the

close FUCLUrES, ctur
same fey@ik.cal | y achi eve the sama result

B. REVERSE OSMOSIS AND NANOFILTRATION MEMBRANES

[0029] Reverse osmosis membranes and nanofiltration membranes can be used to separate
dissolved or dispersed materials from feed streams. The separation process typically involves

bringing an aqueous feed solution into contact with one surface of the membrane under



B. REVERSE OSMOSI S AND NANOFI LTRATI ONVEMBRANES [ 0029]
Reverse osnosi s nmenbranes and nanofiltration nenbranes
wa@aoehessased t o separate di ssol ved or di sper SeBCT/US2006/007037
materials fromfeed streans. The separati on process
typically involves bringing an aqueous feed sol ution
pressur8k® aS WEfaCt patinlehti NS 1 hdwoes phast ieonginibe adnbrane while
under pressure so as to effect perneation of the
peme@&%@gﬁleﬂwgbeﬂ iy digpersecmateEls Anprevelied-e per meati on of
t he di ssol ved or dispersed materials is prevented.
o £l i .
ousoh 30k B0 o SRR En AR LR i g
discrim@tihg fliyee dxédtodn RR6GSpH o Dllectived) le€itddue by a redpdsie
osite nmenbrane."” Utrafiltration and

to as a "conp f ) )
membyqngy o fUlire i lretiomanteminrefliatipmipeaibsanch Hay alsodwip 8 sprposite

rr ment he s rt. Qr.ovi Sj st.r.engt.h
srande B PP Ehport 8oty B Rviaf B BrEubh Bl B0 A% 8 tow aueo
its pofRTtPSOhYhe Mertt @AM @ischafthtink N8yed baChd 1t rbidardadd@ provide
can be | ess porous and can provide the prinmary means
the prgpary eprans of whawtion pEdigsales errdisherysd mpsenalht Biarefbrs, it is generally
.Ther.efore, 1t .. ner.ally the discrim.mnating |ayer
the diggirbifadiig Taysrviiich dUHRYRR Lelvel mebmlis et oA e
percerith€e GRhE ptivglar Qiksdl Rl Matetihlq¥ b asolfied FpNVRI an®@t @i 2l the flow rate
(i.e., solute) rejected, and "flux" -"the flow rate
per unplearea i whigh #he sglventpaskesithewugh theanembragees t hr ough t he
menbrane. [0031] Reverse osnobsis nmenbranes and
' L O ranes va forom each other.wth .
10031 ReFsg Sty e MG A Bt LR RAREG B fPlarei other with
respedt @theB otk G PEEnABTRNP LY W SfereRENAE 80 SEERIS IcEmpBIRs Rasverse
are relatively inperneable to virtually all ions,
osmoginglenlrangs sisdeiaiyelyimpermeeblgdo vistally a8 igns| inchxling sodium and

.unchar ged .sol utes with nol ecul ar i_ght ove.ab
chlorBIERTRAER kRl P Bl Rt RS ReC Y fopations
ThereRirél @byersts@hdsRmétiBrad@sat wWAddly sedabr PleelkdImbtidRbEbrablfish water

seawater to provide a highly purified water for

or seapvaign ta proxide adughte purified water Gunedusirial, pommnercialy os domestic use

reject.i gn rate .of ..sodi nd chlorine ions for reverse.
becanie g pfunial SR and Pt e ol phievema Aot egtpranes is
usuallp fcathan 83240 S@Ppent i onal nanofiltration menbranes

are nore specifi'c for the rejection of ions.

CGeneral 'y, nanofiltration nenbranes reject divalent
[0032] Easyentinpdluheliraton mrembranss exsi mene spedifie fmthergj¢csivn of ions.

d_carbonate. |n addit.i _panofil.tration nbr anes.

Generffi, G0 AP memBe i oD dpva R Bk b BB Sed TR PG,
calciuf® kel €4ié, aihd WebeHAts. BOANEHARD Abtofiltr AR HedbRARSs are generally

Addi tionally, nanofiltration nmenbranes generall'y have
imperm‘p@ﬂg to é1gaie sompowuishaviagineolpeuwdarsvgighys above about 1,000 Daltons.

Additionally, nanofiltration membranes generally have higher fluxes at comparable pressures

than reverse osmosis membranes. These characteristics render nanofiltration membranes
useful in such diverse applications as the “softening” of water and the removal of pesticides
from water. As an example, nanofiltration membranes generally have a sodium chloride
rejection rate of from about 0 to about 50 percent but can reject salts such as magnesium

sulfate from about 50 to about 99 percent.



than reverse osnosis nenbranes. These characteristics
render nanofiltration nenbranes useful in such diverse
wap@lsiogsstz ons as the "softening” of water and P&EUS2006/007037
renoval of pesticides fromwater. As an exanple,
nanofiltration nmenbranes generally have a sodi um
chloride rejection rate of fromabout 0 to_abouyt 50
[0033] pemoegmpartictiady nsafielj regnbraass for KAyerse @gmﬁﬁgﬁ@én EatoR e

f bout .50 .t bqut .9
oot TR S90S, G SO0 o A oy

dlscnn’(i}ﬁﬁ‘tﬂ{g lh?é’r%f 1‘3:%1@9 94111&‘"{’4 ﬂn@ﬁ%ra’&é@lstdmﬁ %btdﬂné&ﬂjycﬂm ihteefacial
I'scrimnating layer is a polyam de. The poﬁ%am de

polycodilamation reattiongbetwgesra fadyfunetionakaming magiom A RAbduncgional

f b al
o kA e N IR i
examp%o I[yé L% ¢ hiongd e MRlpoBRnTBNGRBIm{natia®14yerf RF hﬁﬂ)fﬂ’@anon

yfunctlonal acidhalide) as described in, for
membﬁnesmltﬁncduys)btﬁaﬁd viblen 1M¢ﬁ%7al$¢bqnenzetlgobgmﬁﬁy@ piperazine or an

amnine GYEHPA HRSBARF REP RS Theu LR LSRRI difprivea n
U.S. PQF NeseN76o P4§35{da¥§5'§33821r ALtRVAS, sTWBEHihih b pBFamide discriminating

peridiné or cyclohexane and a pol yfuncti onal aiﬁl
layers bl&tab&efoaﬁaﬁﬂﬁamd:nﬁd viarthen@thodatlesckibsd ing fasxawpls, 4 Pat. Nos.

4,859, 384, A f obt
4,765,875k 1y s PR ST e Liree BBRRS BT R ALY BEsvafre cgmosi
e, 48BN s B

pat ents descri be changing a reverse osnosis nenbrane,

[0034]sUotpasitet fobgmnidé mienBraneaare tipically, mp’argdlhy caiing agporous support
nanof i | trat| on nenbrane. [0034 ol
with apehBnaHiegalATEne JISPREET. 9;11%& & Ealy ng@ﬁ fim 8“ oP% fodution.
Altho%gpﬁéllt is W g&&eﬂ‘etﬁ’%ﬂlﬁrﬂ %Lélﬁh@&us%\%ﬁts"fﬁiﬁ%@ﬁuhﬂm sduch as acetyl
oated froman aqueous solution. Although
nitrile\a8d dfmd:thyl&)rmaﬁ‘ﬁéaf XdF3s oA\p@btfunqnmna]gaw]elml@e swinperer §alseaspferred
be utilized, such as ; nitrile .a

to as agidhalidg) is éPl?F&ﬂ‘il%’élY(c %WQ‘P%&XEHC%?%?O‘&@?I orgagi¢ gplution.
Altho%b@on%em | o2 @er o?%@cgﬁ&g istfkc8RaG e iRll l‘ﬂ@)arrhﬁe solution is typically

uently coated on e support, typically froman
coatedofirgbn mequmislsupporﬁoﬂlhwag byr&m Es:gbhalfdle(sobmgm Adji&ough one or both

addi tion i s necessar {1 requi.red, 41 m ne sol uti oy
of the pglyﬁyﬁlgw |a»§nlgq)g%deqj:y % l%ehaé)pBB Eput@e BELOHS Is,ll1pport om a
solutign gtcﬂhe‘gr‘éﬁ& %%én’bﬂﬁe be FP i al?ﬁotﬁ@xl MEARRucthd PHPr 8§RsRIon, or

am ne and acyl "hal'i de nmay
neat. be applied to the porous support froma solution, they
may alternatively be applied by other neans such as by

or depositio neat 035] Meaps,.for rQvin
[0035} ag%fqrgmmygég the Pﬁ%?FB}a&ﬁ%gP o%eg&f &2 gﬂm’é‘?\ Pebituents to
the anfi& gﬁd/&‘a%@f Balld solutions are described in the literature. For example, U.S. Pat.

No. 4,950,404, issued to Chau, describes a method for increasing flux of a composite

membrane by adding a polar aprotic solvent and an optional acid acceptor to the aqueous
amine solution prior to interfacially polymerizing the amine with a polycarboxylic acid
halide. Similarly, U.S. Pat. Nos. 6,024,873; 5,989,426; 5,843,351; 5,733,602; 5,614,099; and
5,576,057 to Hirose et al. describe the addition of selected alcohols, ethers, ketones, esters,

halogenated hydrocarbons, nitrogen-containing compounds and sulfur-containing compounds



the am ne and/or acyl halide solutions are descri bed
inthe literature. For exanple, U S. Pat. No.
WA 2®5098%021, issued to Chau, describes a nmet hodP¢DDS2006/007037
increasing flux of a conposite nenbrane by adding a
pol ar aprotic sol vent and an optional acid acceptor to
the aqueous am ne solution priyor to interfaciall
havingmpwgutvpmgle@qx@fgﬁp Aé (alem k- froths edpressi pmipe sglptepn and/or
.hal.ide.. S m.larl) U .S P . 0: 024, 873;
OIgW%?%‘%g‘f‘el&iféomé% H%é’é&‘;n%fa?%g?%%g‘?“%%? 4,099; and
5,576,057 to Hrose et al. describe the addition of

[0036] 2 LiB6aL6r iﬂgﬁ&hﬁé fenr iR pRrfokaimmr by poststreatiment are also known. For
hal ogenat ed hydrocar bons, nit ro%en- cont ai ni.ng .

exampleo B (Rati Naardel 7102 e Jowsrat - IRsioen HpH dstRivARige gomposite

solubilit araneter..of 8 .
membigf Bghen P RE  COrter e afva BbrGRTbS T sh pliehel® andlor
increas%b(ﬂtléihl@)&ﬁe Ribhifity foDakt €15 Ret. Mo, §IEY,064 tozklicimis dif@6&6 ] process

hods of inproving nenbrane performance by )
whereipdis¢ pely@aidesiitcrisrinatmigd ayek irdvgstedpgith aREIPHIa0r sglegted pgyines, e.g.,

No. 5,876,602.t0 J et al . C¥ egt-
e, ST SO re AR R RS UL P S5 B899 o Cadone
disclosel iR dRBé A e AT MEAbIa AP wM e stlotx mih@ukicid flllowed by treatment

passage, and/or increase nenbrane stability to base.
with a ltj&tioRanhadang &genb5, 964 to M ckol s di scl oses a process

wherein the polyam de discrimnating |layer is treated

wi t h _annoni r s cted am nes, e.g., butylam ne,

C. NWHOWMT%&%R@# 1,6 hexane diamne. U S. Pat. No.

4,765,897 to Cadotte discloses the post treatnent of a
[0037]"RIEHeaBgochithdmembkdne of ik ieveatiom ajeth oot ¢lassaxt filgration materials,

treatnment with a rejection enhancing agent.

C. L
for exauplecsEOBLTE nNENBRENEg T3 1 Paricwae tieapambrangs of the invention
nenbranes of the.jnventi
o RS U PSSRy S0 o

dispertYBABE AL ANR RinbpdrEicled Buddakizbalitt af metdhexiie mhnapuesclesin a starting
the invention can be inorganic-organic thin film

r .
monomarredusiopo Fhednveastion skes advaniagn of mherealy pivanfagsppsgoperties of
di spersion of inorgani c .nan P Cles: sue j
T L
of mai@hitiieOshd ddiR PeRMObilitgand slegivagy aithagsseof inapierendroparticles
advant ageous properties of organi c _nmenbranes (such .as
(such 4 keigh birffaceychartge ghngitycionrryclangs cegacity, hydrorRilicikyy biocidal
el ts,. ease. of manufacture,.. F [ o
capab i Do ERny e n e e g A AR Yor
examplS, WhnEiﬁte%&gl solthagatiehad@toslep $d dised in Ginexehaagelyamide thin

capacity, hydrophilicity, and biocidal capability). . )
film c@inpssteimanigantsc - Bregaermbranesfdemipyeniion GrameuaekE exHNgEon with

repared, for e le, by an. in Cl . .
NIRRT ————
sizes, RPdr¥AMiE®y/hddrBphobicity, pore sizes, porosity, interfacial reactivity, and chemical

any ofp

compositions.

[0038] One advantage of traditional thin film composite membranes is that the thin barrier
layer and porous support layer can be independently modified to achieve an optimal

mechanical, chemical, and thermal stability as well as flux and rejection, ak.a., “selectivity.”
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filmconposite nenbranes. The nenbranes of the
i nvention can be used in conjunction with any of a

wo asogeossarber of avail abl e nanomateri al s t hat pET/@82086/007037
wi de range of possible particle sizes,
hydrophiIicity/hydrophobicity, pore sizes, porosity,

ousoL B2 Ak e UG o200, Shem cal conpost Lione, o
select1&9£§ﬂp§1b@11ﬁc£@dﬂ36ﬁféﬁ§1?drﬁc1€? toﬂtllﬁ’gzé ﬁ{e skt é%ﬁyﬁgh@nd

porous support layer can be’ i ndepen
memblanhi Ay e remnltpfhe ismthemmdrmﬁnhmhe stelodure G:alh comlmdsdlhengamlc
b||| LI as flux d rejection, a.k.a.,
nanopafe F%@?%’%ﬁdffé Wi %%ﬁmwfi%’é’ﬁﬁgﬁ%h’ff% Slg¢ The preserdept
nampm%lefrgdl fi %‘%)fel lgﬁfgggﬁﬁﬁo%art !Eéélgénsh{agﬁgpt | mgl]izﬂen%l?1 hrgt ét&%
formed deingahtectheiul potyraérization aadraltartke mAsroacapissitrface pf@ert;es (eg.,

nt he nbrane, structure can conpri se |no ani c
Surfacqwéneq&aﬁifqzreﬁéﬁe IS BEERTEY thickness anddepghnges) iba GreT3is asser,
which bdrl Bhd R0 RRGAREARy, Nanoparti cl es, for exanpl e

I norgani ¢ "nanoparti cl’es, can nodify the nenbrane
structure forned during interfacial polynerization and
[0040] a&m@hertakieanmgerafsthinmlm rsnbéaneosite apertirigs ifenlges, the potential to

impart 3 R nen PR By g KRTse o R PGl e e
reswtaﬁc% th 'ﬂﬁr@i’lﬁé’d Afh PhdsMetiduli néqn%“igtlanén osh& m@ﬂ)é?eﬁlteﬁgg a®f

m nanoconposi te ranes | nvo VES

passwptme,ﬁ kiBﬁiirleS)miod‘{ﬁEaﬁomcf a mefacotd redgeer mfasé peacivior and promote
of . foul i ng

sive foul resji stance or both ty
hydroppEREy Batet e B Mrer S IR e U HAgpitiqg of dissolved,
colloidhE 8t ﬁﬁ BbiGh mgt‘? tH@ﬁneﬁﬁ)?ﬁfe sﬁﬁ"a{(eo whtch 18 Bk g embrane
escri es no ication of & surface fo reduce surrs
and negativelyiiufltgnca fidx pnd reeaiohy dotiph ifdulmgtrymstaamnmvésahé | n g

resi stance can prevent unwanted depositi.on of
modifiegtion off ¢ sprtacedp Paqra%rp a sglectiye; pensifigial repctivity briweersthe surface and
a d1ssoW°eHbJo"l‘IB a? o B?Fx%bla‘f\@&fspttfeﬁp Efantéﬁ? !lS tIhQ Wﬁ&'ﬁ%ﬁ oran d

neg atlv i nfl'uence ux an i on.

nanopai'tmlés m@os@ss Isibeidalepropartibs; asd ‘slhﬁeqabdtlff | etigtidd@ihgahe Banoparticles
to pronote a selective, beneficial reactivit

urfac .
in a polyamigshin Repradioe AJEVHPRPOQFIS Gl iration mspdsne vith inherent

onstituent. An exanple is the nodification
amlml&é&alg%géar% cles to possess biocidal properties, and
subsequent |y, enbeddi ng the nanoparticles in a

[0041] Ttk peexenten?dntion peovidesduiesy elagsexfe e filh Mandcnosite” membranes
nanofiltration nenbrane with i nherent antim crobi al

with ingproysdryteperperality, swe seiedion: andipalng sistngg PY@cogventional
polyam¥hfi! B85 cHhiposttB nfbnitrhiBs "HOEBPRES JtnordRIRLERESore selective,

and antimicrobial desalination membranes can revolutionize water and wastewater treatment

practice. An additional advantage of the nanocomposite approach is that nanoparticles can be
functionalized to produce practically any desired membrane surface properties, and thus, are
easily dispersed in the initiator solution regardless of the solvent used. Therefore, the
methods of the invention are amenable to immediate introduction into existing commercial

membrane manufacturing processes without significant process modification.
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with inproved water perneability, solute rejection,
and fouling resistance over conventional polyanm de
W@ bios/ods8ran conposi t e menbranes. Devel opnment of PEDS2006/007037

efficient, nore selective, and antimcrobia

desal i nati on nmenbranes can revol utionize water and
[0042}"@?&&%{38& the SRAESH rePli@cbiaGRnoipie hicaibdneatbyditsa e film

t he hanoconposite approach is that nanoparticles
compmsmg bpolfyorec matrnadmdzxmhop@'tlple@ digpesegd mathin d@lnoyymwnatnx wherein
rane rfac

the G PG P EBFIPI o NG AP PCUEaRY GErgirer Dy AF Bregties. By
“dispdRbd, b NGs HRbNERE: a%eegrb bBH%@% QF the ViolEné'BE f1a8ist Mok BOY% the

'Avention are amenabl e to inmmediate introduction into
nanopesticédsiangpasitioned betateemitrruatacesieitio Gm. ume}ampiﬂ; eSbe@ about

o S0 SR Segee T et TARSEL L e
about B3B8 ﬂ%@%ﬁs@aﬂ ge ?ogltlbﬁ@do&'ﬁpéénsthé‘ 9111?&10@955’1‘?@ IALRBLAY 2hother

and nanopartic posed wthin the polynmer matrix,
examplbett éast dtoat $0% wof tle wiloae ahatiledst gfoqme 60%a b least abmﬂﬂ@%, at least

and substantj al | er neabl e urities.
about 8l Ghadenst apqt D g PRRRTSIeS T PRBBTIE ISR thraces
of the\gglgy{ﬂl? al elaﬁ% B tthflE%Bé ?f;c e%?%{%ﬁﬁﬁ?%lf}%rﬁ os?ﬂ:ﬁed within the

film. Bya‘em@sulaﬂedj”eas tmeahothht 8084st aout 8GHtof dlicovtlumO ¥f atleast about
east about 80% or at_ | east about 90% of _the_vol une

50% cfinemamopELea Se 0 bAoA HisaFas s b i pEor cxample, at last
about gg‘;" (%J 2166 aﬁ)%fﬂ"ﬁ@ﬁ OYP‘E: \%%B%SP;?L 1@%’8 }ﬁlﬁt 5bdihe ﬁ%noga%ufcles can be

er exanple ast about e VO
positieded beasdenabesiirf6696f tht filmast about 70% at | east about
80% or at |east about 90% of the nanoparticles can be
ositioned between the surfaces of the film
(0043 JWP‘H@W%%‘%& any lige ghleapdwp seitesss eafﬁcs?e R sgthgﬁwfaﬁsyr faces

o SRS o Ly B SRS S

contadt&dtd thabapgort Aradiirthdrespat cmmnbinbtm ca1$ ﬁprdﬁ:r t:omplest a
bet ween the surfaces of the film For

polysylfons; poémmrsemovolxﬁetheéa@fong%web@wgqt %rrPéh%P@He) » of
pos A A8 A R FRAREE L pS P10 et

cellulédaaliddetans, celiulbaveiaddtate, @ Sither porosis pdyamsic aupgatmembrane.
of the surfaces or faces can be proxi mate a porous

In one aspect, one of Ihetﬁurfaces or f.ace f5
l00441: &ha Be‘cheﬁ apshl HErmSRETHDE FR %0&}%6?13 m comprisingn interfacially-

pryB3PSEhy BTN, A, 4 DRSLEARRLSEvEh e polmar s,

wherekethe ik, is plﬂisya@ehlﬂbeperﬁiebb’lle tck ehtn ex)d sybstay(iplhy inapcamieaida e sodium
et her sul fone ketone), polyacrylonitrile,

ions. pol ypropyl ene, cellul ose acetate, cellul ose diacetate,
cellul ose triacetate, or other porous polyneric

[0045F HPP ﬁfrfhepggﬁt%&?&% ‘membrane can comprise a film having a face, wherein the film

comprises a polymer matrix; a hydrophilic layer proximate to the face; and nanoparticles

-

disposed within the hydrophilic layer, wherein the film is substantially permeable to water
and substantially impermeable to impurities. In one aspect, the hydrophilic layer can be

adjacent to the face. In a further aspect, the hydrophilic layer can be in contact with the face.

12°



[0044] In a further aspect, the nmenbrane can conprise
a filmconprising an interfaciallypolynerized
w@obogmpssde matri x and zeolite nanoparticl es di BOEUSBUG6/007037

within the polynmer matrix, wherein the filmis

substantially perneable to water and substantially
rsipeﬁ\grreabl e to sodiumions. [0045] hi a further

a PURIEEESrevbr ane can conprise a filmhaving a

face wherein the f|In1conpr|ses a polyner natrlx a

004X Nl RS FAE oS DR B i

impernitvebleito ithpnritids] Msiged h;érsmaﬁmpahltlys ’p@h@ﬁﬂ? hré€fetsQo Wali & als

substantially inpermeable to inmpurities. In one
dlSSOlé{%‘g Siperspeheoriyeneaded niadiquids eTh%@ﬁteﬁéIS&ail he endesired;tinguch a case,
iC
the m Igﬁll%ﬁegc%bﬁl?)aecl{éé(\ilm {bte% n}%?]f auélélg%eedq?\{}% [t%%ﬁ id, tﬁereby

punfyT;gmhe dikybiyl, aridhihe Mg can &8 s@]ﬁseﬁﬁ@tl’yﬁ%ﬂ@&b@ NTkSMafRBals can be
epared so as to be substantially inperneable to

deslrerinwﬂlfﬂ@ P&ase, the %@@waurércgn he usqdigufertensesthe yelsreatfithe liquid,

e A T S8 Vi LR e R TUBIAES 1 on

aspectg &&enembnanmﬁhﬂ)@lp@@m@@ﬂobﬁ sub&shtiadt ﬁﬁﬁ%abﬁo particular
undesjred inpurities fromthe I|qU|d t her eby

11npur51§|s,| WVPIH gart heesqlq:c(gqﬂ flom gamyng hl@pummﬂ l@oavanto Wleose of skill in the art. In

rials can.be desired,

o ot R0 B by G SRR ER Bhe SRR 5. AEvbRions

magndshml m;ls,umiaclmﬁ bl sﬂhk:éw;*» Gregdnitedcnhy oﬁ&ﬁﬁ&ﬁ&é@&ﬁ%@véd@%hds with a
urities, and t |npur|t|es can be subsequently

mOIGCB]@F W@lﬂhé af glpﬁebﬁhén ab(p)é €00 Daltennrenbméyters thermofhelhe 1mpur1t1es can
be dlsQ)rhpe\ﬁ' &%ﬁis tef"seg %Vl rp 5 il 18 e a}ixg %{rggllln;g gersgzela%l &e Ep%rﬁaﬁc%lg Iog fijydar‘ophlhc

or nelﬂlaimrl’d mmmkmm Ekeh@[biﬁlrﬁﬁurﬁi@s lchn {de1ddR8oRY, heuttHl %I?emes
further aspect, the inpurities can conprise at

silicatesn andypreggicomppwids, fop sxampleuaminener cantergayis iacids.i ons,
calciumions, silicates, organic acids, or nonioni zed

[0047]td%%>§% 9%1?9&11813{)‘}&?&}% \ h 19%1%%2{81?# l)‘rﬁ{ﬁhyél\? Ituﬂagt ]éi@Ler : att ?orns ora
mixtureigtedfl 18 8n€ aspebti@i 1ﬁ1§ﬁhﬁ&dco%[prﬁb SRAHIRENMLE TheBions can be
l'iquid. The inpurities can be hydrophobic or
posﬂwﬁg@rs@pmaltﬂ@ 1G9¥, 91ed mn@meéheraomeonmelmhmeadafqns Rixcdhundel 1ithipm
ions, neutral eci.es,

|
fons, shaiRs a{“%g&agg%m&?% pibic iR A e, ERafrkions, greiun
ions, pﬁftone@éﬂ yityl aniB€ 10dS; prbfdd4téd sédbﬂﬁat‘}%ﬁn@@mﬁ? rb?M?alr@cBﬁated

ions, alent ions, trivalent ion§, higher valent
tertiary ‘ﬁﬂ@e 1@}’5 é(n ﬁddéthm,én@rm plenf iong cardﬁedlswpwd, mineeal or organic acids.

i U g SRR SR80 205 e R0 i

pOSi
memblhb@@f/tﬁk Q’Nenﬁ&i & subStRtiall ) Ghnpiendablchi um

[0048] In a further aspect, the impurities comprise divalent ions. The ions can be positive
ions, negative ions, or a mixture thereof. Divalent ions include beryllium ions, magnesium
ions, calcium ions, strontium ions, radium ions, ferrous iron, barium ions, strontium ions, and
protonated diamines. In addition, divalent ions can be dissociated mineral or organic acids.
In a further aspect, one or more of these types of ions are not among the impurities wherein a

membrane of the invention is substantially impermeable.
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ions, sodiumions, potassiumions, rubidiumions,
cesiumions, franciumions, amoniumions, protonated
w@rooecmpsg87AIM ne i ons, protonated secondary am nBCT/ORB06/007037
and protonated tertiary amine ions. In addition,
nDnovaIent ions can be dissociated m neral or organic

[0049g?n? ? é)e{;]tu | r%ﬁg ? eé:otn?plpsu f‘}%%%gq V%ec églfls t"ﬂi%sgng dRB2
positiVeidhE, dReatble 16 of AUARILOMeled S, SHIphERMIERlibs 1nclude aluminum ions,
|nperneable [6048] In a further aspect, the

ferric inop dotist detlicadams. i lne ftiither aspect, angor miye Of these yaes ¢fdons are not
amon e B i S B S b G e

calciumions, strontiumions, radlun1|ons ferrous

[0050} mutramaélmmqﬁaud@tfép&ahipm n6ASnizad SolRIsaigN@irlkcular weight
di am nes. In addition, divalent ions can be

of greglies et iabous 20fDwéons. Bhe wolsanlat waightiean ban for examplent least about

200 ERREE 4 Sl BBl 536 SR e B s

Daltohi‘ \é?féﬁdt QBortt$108 TRFHoa8 tat BlabthbbBIONBARINS; it@éh@Qibo'uﬂ 6@0 Daltons, at
further aspect, the inpurities conprise her val ent

least dbont700TPaltans et lershativat §@%Daltw, atdn%st g Q@g WReltopnor aideast

e thereo he al ns i ncl .
aboutf R Do HEIERire) kGt Rl eFh lendi ey oAt Bhecies
can b@ﬁﬁﬁ&ﬁhobﬁ:n ByRbpBE Sooth, dr MeFieer! YL furfHer i 'aﬂﬁ@t aﬁ@ofh(ﬁbre of these

anong the inpurities wherein a nmenbrane of the

types pfinemial species arsutns aanong did inpunities wherbines mEpbsWE ofhstipygntion is
i es _can .i.nclude, for exanple, nonionized solids

Subﬂ%ﬁ¥ﬁygnm%F%@ﬂFar wei ght of greater than about 200
Dal t ons. The nol ecul ar wei ght can be, for exanple, at

[0051h @ﬂféate%%{nc%@ al&nbRMconPpbuh®TISiRdAHnd f@ﬂbﬁ@ﬂfﬁpon the

| east about 300 Daltons, at | east about
SiOq4 @&ahadm -shaped aagmcm wmh@)r Pathoahene artmore gsataldpespresent. It is

undersiges 2y 8 “tisplEo et Beprefal &t s v et lsp b neTA b greter than
about |2@§ﬁalt@f?soéﬁd AP elddsbRRE or Aispaitdeli e aht nfPEHlar v} can be, for

tons. The neutral species can be dissolved or
examlsla,sap deadeabouTP@O) Peltonsait lsgst ehag 26@Pabend; yti}egﬁ labit300 Daltons, at

st 0 S 35 D35 e o 50 LB gt sou

600 DANBAY af 188t LHRH 70D THFoNE &F Rh&t a@oﬁ'ﬁﬁ@@ﬂ%n@fattléh@t about 900
invention i s substantially inperneable. [0051]

Daltofs, ot etdtass alvan 1000 Redensl In kfvothar zcspncpto@nﬂm méreSif Ithe@@types of
s111ca’rgg g@% o %%?%pﬁ t?gsrvtv r?lﬁﬁerta %H]&V%@?E is s'ugﬁtgntlally

imperegHENT - It i's understood that the S|I|cates can be
present as solids with a nol ecul ar wei ght of greater
t han about 200 Dal tons and can be dissol ved or

[0052% (s paniciands GEnenclode fouindy aciviagétic aséth phepiotigacid, butyric acid,

pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid,

and lactic acid and derivatives and mixtures thereof. Also included are phenols and
derivatives and mixtures thereof in addition to naturally occuring humic and fulvic acids or
biopolymers comprising amino acids, proteins, or complex polysaccharidic acids. The acids

can be protonated or deprotonated. In a further aspect, one or more of these types of organic
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exanpl e, at |east about 200 Daltons, at |east about
250 Daltons, at |east about 300 Daltons, at |east
wa@baais33) Dal t ons, at | east about 400 Dal t onSPCEUS2006/007037
| east about 500 Dal tons, at |east about 600 Daltons,
Eélleast about 700 Dal tons, at |east about 800
. t.ons east. - : :
scids a5 i e R iof VRN 2 hepBEL R du i Bhi BB Sy
inmenﬁ&@gﬁ_types of silicates are not anong the inpurities
wherein a nenbrane of the invention is substantially
i mpermeabl e. [0052] Organic acids can_include fornic
[0053] o acfurthreaspesttbe Hmpusitish cahbe s aFeruchpi 3 Fieuisgl; o blological
. pentangi c_ acid,. h | £o-acl [RYoREY-ToXWs 3¢
reactiofoqex e as Ot O el For BB e Afhfiies can o2
chemidaB§labGvesiett, aptagielceiidally astivrugent, st ubdogitmiyeofive ddenbor a
~included are phenols and derivatives and ntl Xt ur es
mixture ffleareaff It A Yetd@rtheronpeds angton mare 9f BesPFRPIAgRTIE aEfRpt among
. fulvic.aci.ds_or .bi opo [S. ¢ r . Sd G A0 LA,
the implis R A B O T SRl A B,
can be protonated or deprotonated. In a further

aﬁp@gh«m@mgngmﬁnore_of these types of organicacids are
not anong the inpurities wherein a nmenbrane of the

invention is substantially inperneable. [0053]. In a
[0054) Genarelty, daapepartieles phibe iiverEQn eaPLEY %golﬁﬂf%%nlﬁ%?“%’fn g those
of skilf L 67! £y eBbOlOH Red: AAE hhRBarRKsGRE BeoiiEdn ih the
I'Sol'at’ion t'echnique. For’ exanple, the inpurities can
membRBefoTihe veatiby caid setectddated wpophanmetee of ttatibyincluding one or
active agent, or a.biologicall% active agent or
d

more of; () @pavernes rasticle gizen (hemapescalsdpeigisées NagRg atongS‘rtrBP%
dimen%fﬁ ¢ gggﬁe to¥ Prﬁ%. é?)fouf"g ﬁﬂ{tﬁ 8568 &0 AP ekdY 1E,Uﬂ?6&hia%lﬁ51 nm to
BPel A8 “nenbrane o e rnvéntion is substantiall

about 50P&MNMEARI out2l nNADGPARDS G5 of G0hrdboGe henedol pout 18 nm); (2)
nanoparticles of the invention can be any .
an averagedyarophilicey eraatthandhetind ke RALYRRS WAt foppgisig the membrane,

However, .in_one aspect.. . ks i
tereo B e AR A AP SRS e g
film c&RitRE skehfaBbpREbla nattPagicublte Maickial wauldibeaoumilaely wetted
one or nore of: (1) an average particle size in the

with aparowetal eontasgpngle jdss than ahawt Yigo 40°) B @nappseals pAEeRIygTith

f. [ .of f. t t ) . e
eharaclgisfe Bore PSA A0 Aot o b oEg Ay PP (A Bipetibitey in
both tl‘fﬁl:%dl& lﬂ?ﬁw indH0 apdar Bauiflr @Eti@;bﬂlyt tht manvpaeticlboedn HeOBlected so as

nm; (2) a

_ an average hydrophilicity greater than that
to be rpbdifinkle poimpast bineitlal or aoimigrpeipkigagtihatyia s BABDIAGer eby
enhanci ng the passive fouling resistance of the

resul t]ng JENRAEEMrDsfiond SUrface

[0055] In one aspect, the nanoparticles of the invention can be a metallic species. The
metallic species can be any metallic species known to those of skill in the art and meeting the
nanoparticle selection criteria of the invention. For example, the nanoparticles can comprise
at least one of gold, silver, copper, zinc, titanium, iron, aluminum, zirconium, indium, tin,
magnesium, or calcium or an alloy thereof or an oxide thereof or a mixture thereof. It is also
contemplated that metallic species can be absent from the compositions and/or methods of the

invention.
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filmconsisting essentially of suitable
nanoparticul ate material would be conpletely wetted
wWowde/098sprr e wat er contact angle | ess than abopeT/5S2006/007037
10); (3) a nanoscale porosity with characteristic pore
dinensions of fromabout 3 Ato about 30 A; and/or (4)
ispersibility in both the polar UId and t he apol ar

[00561|h1alfpﬂher@,§ﬁ%ﬁh¢ nsnopaitigles s par pp@n@@ CSRCHES. s@}%@@taﬂw

peied B3 0 PRI B S AERL 061 A5he B it
nanopPe8Ed daNr{i Q58] thé ﬁlveﬂt@orﬁsmﬂ%kamplasthe ammlrﬂialéﬁ @® cofnprise
the invention can be a netallic species. The netallic

at leastqpe if S&NaabiCh BN, r%ACn@t B @r@%@aut@emw@ﬂﬁ thsseofoft is also
contemg)eeite%pqiaglrl]énél??t@é%:I § ﬁsﬁﬁ aﬁsveéﬂﬁo%ﬁﬁg E&ﬁf) 1&1s and/otr quthods of
the invB@iparti cl es can conprise at | east one of goI d,

silver copper, zinc, titanium iron, alum num

rconium indium tin, nagnesiu or cal ciumar an
[0057] almacfynh@r@:sm the nanepasticles ciihbe @ 64Tbep-basadispesipse The carbon-based
ted !
e Q5SS AL STBL AR IR b gl e

nanopdrti€le sEl¥&ivinl @led HDEHE invBntdorf. Wdr Eﬁﬁmp&pﬁ@tnanéﬂ"a@tlcles can comprise
nanopartlcles can be a nonnetal lic species.

at leastrmwrﬁétgaq te, @&m Hasscaparben elnsterfriniqas ¢4, @u@ﬁwﬁf@gfuﬂerene a
higher E@g (E)naer cglrpgﬁ ga otu eklalcgrb npg ro%aﬂ{cﬁ Egnﬁﬁﬁﬁé reto@.eéuch

e se ron cri ra o e 1 nven

materi€X afiBhop ahhﬁlaﬁ@m@baﬂ 16d sigfac@modifivdrib $fatie cd)rﬁpﬁtbﬂ(i)ﬂy&’vnh the
Of'Si 3N4, SiC, BN, B4C, or TiC or an all oy thereof or a

non-aqnﬁo@tswpb/eﬂh@r%ﬁ as tptpr@rgof@|h§ér0@bﬂ10émbvaft@‘dnmg@plecules containing,

for excf e Posyf SR e TR ARRE B ATt progen

compahﬁh@y With tieed; é)o?& RERtnt dndehd @A pub ipedrastes 8ompaitality with water.
car bon- based speci es. The car bon- based speci es can be

The relahye eemprithilba seth we@uwdm@@mumsmgeé cai be kynefl by ghanging

rt .and neeti he nano cI &5 cthon
the hy P? @q,n[ (glag} leP%t Iﬂ\g gﬁ |c8lﬁtem£ on— gd species can be absent

from tHRASRRRVs 0B %/6@%6@1@&536ftﬁ61@%nﬂ1&ﬁ5t one of graphite,
carbon gl ass, a carbon cluster of at |east C2,

buckm nsterful |l erene, a higher fullerene, a carbon
[0058] dandiuibe asmpc@ah%wonmbfa c8lh egraprisgra dendrirenr She fendgigter can be

any defper R oRpap o of sOEABR A Gy ik th BB sgtecion

cntena%l"th@ﬂi*&@ﬂib‘h S‘Ur‘éﬁﬂhpl@sth%blhdrﬂﬁeﬂo@n RE@PEEEat least one of primary
rophl licity by at t achi ng nol ecul es cont aj ni ng, for

ammo ) dgyideimesrh yith suline s oxylpig, hysdrexylesicamamic b

orsani i oen LB BRRE HRRAPRREMEat thmie Db oG REh -

PMMIY\@éR¥rimers with aldehyde surface groups, polypropylenimine dendrimers with amino

surface groups, poly(vinyl alcohol)-divinylsulfone, N-isopropyl acrylamide-acrylic acid or a
mixture thereof. It is also contemplated that dendrimers can be absent from the compositions

and/or methods of the invention.

[0059] In a further aspect, the nanoparticles can comprise at least one zeolite. The zeolite can
be any zeolite known to those of skill in the art and meeting the nanoparticle selection criteria

of the invention. A zeolite can be natural or synthetic. Zeolites can also be referred to as
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The rel ative conpatibility with agqueous and
non- aqueous phases can be tuned by changi ng the
whyawoesrbon chain length. It is al so contenpl B¢ EUSI006007037
car bon- based speci es can be absent fromthe
conpositions and/or nmethods of the invention. [0058]
« In a. further aspect, the nanoparticles. capn conptise a
molecylas eV 1 ABOFCR SRR B teg o “HIERIF SV S bt Bbsent
from thel ¥R oSHtiof K hhd/or lﬂet‘hQ@s@iLt e fREnAGEL I Ng _the nanoparticle
selection criteria of the invention. For exanple, the
dendrinmer can conprise at |east one of primary am no
[0060] (APpdahitg steiestnate icamebs referrdil tarbyraaiesipaathimxgdnaistng bfjdiraoppital letters

used tchreg%iHQe?m y ?@f: e, Og‘g‘?}%g@#&%ﬁ%{g gtrgégrﬁ Tg’grral%e%glgcc%ordinated
framevidik SRARS RRA H¥§ign£W‘fbﬁj<§gsdt?}g ?@@ sohub by Ah IEPRECC SR QKM on

groups, pol ypropyl enim ndrimers wWith am no
ZeoliteNorherwdatgrean p878. pBhe/ihwéeriytterabdesat pemtraliynddrived flonethe names of

N-i sopropyl acrylam de-acrylic acid, or_a . .mxture
the type FiafegBls. RO AEC 2ot hisREATE gorgidare B lR s an
nanopa?ci s ﬁﬁ&eﬁa?sggglg?%@g@ ?édé | OB AaRd/QIN TREDOREGOAFE DEN,

I nvent i on. urt’her "aspéct, the
AFO, AERONES tAET eAFXaAF Y OAPIT, dNAtAPEaAPDOASTZ ASM, AN, RIEO, ATS,

at, £F8 Ao B foat e an s s BB oEOd AR S fafs tas, tho, crr
CGF, &&$ [&ha @i LEEQI fvRNEAN pA&: Z56RI PECE ?}T??Gﬂt]ﬂbﬁ', E&B, EDI,

synthetic. Zeolites éan also be réfert
EMT, BEQNnBPE GERIAES ¥ EVRSEUQ, FAILS F&Rs FRAQ G ISNGIEL GMIR, kN, GOO,
olite r_"mpl ecular_sieves" can _be absent fromthe
HeU, 1 BeNs T ST o R ol i 7RG 15, EALE SV, e T acos,
LOV, ZER) 1118 150N, RIEAMVERE, MﬁieMPﬁd MERPMS‘?, 1\‘1?%,' BN MOR,
consist'ing 'of three capital lettérs used to descri’be
MOZ, 350, 3TF, M TN) M TEIMGWR, MWV WHE AR INKET, NB8yINOY, NPO, NSI, OBW,
tetrahedral[¥ coordi nated franework atons._ Such

OFF, QRLPERONG -+ G, PONe RHQ - RGN RRGRENPREE, RTH, RUT,

RWR sa&&g? eg,ns&?pémesggpgﬁgl %f,f%f;,;sﬁgﬁe, &pg §AGESrO,

"Tetter cbd are’ gener eri Ve e’ nanes of
SGT, SOy SORSSVRISAT, 8% .STRHAER, THO, TONCTIEOUE!L €F1f o, OSe, UTL,
consi dered suitable E%fous nanoparticul ate material s
I 1

VET, YHlcY bV S REWELAKENAEUG, At ZORENAS At kuapig to s oAl in the

art, an \ﬁg@-deﬁﬁﬁst @iﬁowﬁ%ﬁhﬁj‘?&mﬁ%&%g a%@%d g@i&:@%@%g@%—gm&
SC/StdRHIKs. hBOGH i3k caHREp IR haBAS it @DV i truchighs ofG8r KAhe

-CHI, -CLQ CON, CZP, DAC, DDR, DFO, DFT, DOH, DON,. o
structugep gxpressty dipplgsedopgin, bt otheryise megtingthrnagepertignsglegtiprcriteria

of the i{i\?ﬁ’tioﬁ% aﬁ%%e ¢ ye%o%ﬁio{‘&g}x t@@?ﬁ;}'&_){%gs {aﬁ}{?’ir'wTe ion.

[0061] In one aspect, the nanoparticles comprise a porous structure. That is, the pores of the

nanoparticle provide an open structure in one dimension or direction. In a further aspect, the
nanoparticles can comprise an interconnected porous material. That is, the pores of the
nanoparticle can be “linked” to provide an open structure in more than one dimension or
direction. An example of a porous material can be found in zeolitic materials. A specific
example of an interconnected porous material can be found in Zeolite A. In such an aspect,
the nanoparticles can comprise preferential flow paths for liquids permeating the membranes

of the invention.
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LOvV, LTA, LTL, LTN, MAR, MAZ, MElI, MEL, MEP, MER, MFI,

MFS, MON, MOR, MJZ, MSO, MIF, MIN, MIT, MIW MMAN NAB,

wWORMe/0MES NON, NPO, NSI, OBW OFF, OSI, OSO e®EpS2006/007037

-PAR, PAU, PH, PON, RHO -RON, RRO, RSN, RTE, RTH,

RUT, RA\R, RWY, SAO SAS, SAT, SAV, SBE, SBS, SBT, SFE,
[00622_?1'_:18 S§E§f th_?Eﬂlgresgﬁ BMhe 1% arﬁ%gs caci'% de%%ed&%&mgrd% av§r-é%_e pore
diaxnema}ldvm be W.;:sswzni anngns A Inarfdrtlimspm thehandpaﬁms can
have iﬁ%{mﬁg %ﬂ(?ra%i k%{ gé np%tglgst{ag&{qr% 3 e oggg ou’ct 3 Xfto about 30
A, foﬂ'gxta,?lgié Ft%ﬁ%oﬁ ﬁ‘% bR, FoAALLASIPA abdilt 209, %chn?about 20

cont ted that zeolites having structures of oth
A to dbbairB( Aefremrabottid Aso ekput@dsA,yor dios blame 0 Hetosibopt mjﬁ In a

ot herwi se neeti.ng the nanoparticle sel ection cr

furthep psherle theRABARATHALES eafhayP 9B THETCERHICEFRPTT HIHHF: chopigyacent
pores ¥ 1B @r m&?ﬂaggo&Ufcetar}fét\b&lé%@‘éhé}ﬂlels[t%ﬁéﬂmdt thdfoparticle

aspect, the“nanoparticles conprise a porols structure.
structiieatin b yet fttherpepes, thé nhdvpanwhspan havd @sybstwtisley am-open

structure in one dinension, or direction, In a fu

t he
intercgunssted POrHEIUSHRSAF EX RIS ﬂé%\l’noré%ﬁ%‘r‘f%r’éﬁ stbsfantially paralel
channe te@(’ﬁeﬁﬁﬁ%%ﬁltoﬁg? ﬁ%rrﬁﬂé%ﬂ%l@ fartﬂ_ dcts, t}y}%neﬁz{rﬁaeg’éan

e nanoparticle can rOVI an open
compﬁ!;er arcibone] MormrabouﬁﬂihA@nmlﬂ |mmmmalmm a‘houdz rz&emtamcabouw(tﬁ) A
exanp of ~a porous er.i can be f nd in ze
porouﬁmaéerr}% o3, abpuEhAdp fp btk BOGRS Hfter éP@Bﬂwe%?\éa an about 30

A porB® ﬁﬂi%ngphlg bt 158 % :iitfo%‘ 56l Al foré8Ohhiefar an bbsi ek quan about

aspect nanoparticles can ‘conprise preferentia
20 A pdrous matekial, hoabditQUA ds appetiowe 40 iAngprotremateribl, an aboutS A krean
I nvention.[0062] The si ze, of the por [
about §Qrf paliops Blekesiab gF b abRIE Sk fharehayt £@ %ﬁor@ﬁs Roterialye
pore diameter and can be expressed in angstrons (A).
[0063#1 Q}eﬁelfaﬁ?tﬁgflteggpﬁlﬂecufaﬁ ﬁeﬂ%rb?@ﬂfa{e'rﬁ sSwitly Sedt ¥Sofption Rroperties
anoscaf’e porosit racteristic pore dinensio
capabtef off sfepdmtaﬂgmﬁn@némk of alhdnturd6n the Hasis of 1 difiidrencefin amlecular size,

about 3 A to about. 10 A _from about 10 A tq _about
charge, anhebihen Fealiies 6akbq &y aiiine 2B Rost K vl O IYscr%Stlw?(ed open
ﬁame?%?l%‘%}tnﬁ:%r@é mQ? IEEE ﬁe OQ‘R&Usth : % %64%8 %k’% té&h@ﬂral \ I%presentatlve

aspec nanopar es can nave an

empirical Bjmutartﬁ‘catzedlmeos BL50r Udi Oy e SiOhayHi@ wharh MMaepriesqnty the
are_linked or coupled to prqoduce a network of channel s
exchapggeblegraggn of VSRS P¥ris etesallta Grauprler 1 igngalthopgh other metal,

non-lﬁsegegS gl:] r?%?*e Edtionk E%rf DE0BRAAdI L ﬁ%@‘f‘l@g cﬂ:ﬁ%@ ciRated b?/ the presence

Yy noni erconnect ed re struacture;

of Al éxthepireéctutehTho Hnmswok cap@opiaimsegsuat cnhnelb bydlp@fealsizel which
channel s ext endi ng through the nanoggrtlcles | h

are norgpily apcupiod dytveater: da addiden i Sq kAL 5 pther elements can also be
present in the zeolitic framework. They need not be isoelectronic with Si*" or AI**, but are

able to occupy framework sites. Aluminosilicate zeolites typically display a net negative

framework charge, but other molecular sieve frameworks can be electrically neutral.

[0064] Zeolites can also include minerals that have similar cage-like framework structures or
have similar properties and/or are associated with aluminosilicates. These include the
phosphates: kehoeite, pahasapaite and tiptopite; and the silicates: hsianghualite, lovdarite,

viseite, partheite, prehnite, roggianite, apophyllite, gyrolite, maricopaite, okenite, tacharanite
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conprise an about 1A to an about 50 A porous nmaterial,

an about 2 A to an about 40 A porous material, an
wa@baaiosB7A t o an about 12 A porous material, aPCBEDS2D6/807037

A to an about 30 A porous material, an about 1A to an

about 20 A porous material, an about 2 A to an about

and toBBrnforRer THEs, FBEIRES &n,alt t ndl&uld spNedbREd oAAIPO,. These
porous material, an about A to an about 50 A porous

aluminephesplates, silicealuminopbosphates, aneigllcabouinopigosphases ands

eri.al . 06 Ceneral | v, it ar
metal GG Sipind PRI R b S8 ATEO Y SIS B VST O-A and MeAPSO-
n, respcAPEY I WBSe 53D aPlifeRf indRRAhAtHNGueRIPEPENAIPOf mBlecular sieves
m xture on the basis of a difference i'n nol ecul ar

can hasiezbs stotvairg of kavwh sdvdipss, btendrythese oavel stuctnest 3Vhdnrds is

. alum nosiljcates with fully crass-1inked,

incor Rk R B nd e et PRGSES Eap s SAREE neaP@er MeAPSO

sievesP8 fh{eA vlyahd ﬁ@@x%?aﬁoﬁo?@%e%aﬁ%%ﬁ‘&@é&hﬁm WiB@)., or SAPO
fornmula of a zeolite 1s M/ nO Al 2 SI Q2 yH20 where M

framewept. eElease metdiataxcinalnde bl [Be, v, ConFefMualem; €3an Fe ¢, oTi, and

ener.al .l up | or_ Il ion, altho ot her netal,
As. %ﬁ%{l&%@da éﬁﬁﬂ?@hﬁ’ﬁ s Qi Aok EDem HheEeTAhRewW
structied ae! oy folﬁ_%g gﬁ??&’@? MRAPRY addRIcRPRELRGRiALs. ’%Ihgir Brabd¥orks

structurve. ramewor k can contain cages an
typicatly@ame bs elettriticherget &hss, zeglitehharhistry & marcoafihed toabumpinesllicates.
by water. In addition to Si4+ and Al 3+, other el enents

10065f, i e PLEBREHbAPLS WP RSP opiEs Cages and phamig of disorte

size aR®béhelA1yOPGHRY ot 3ABBNELS0SA G Giantdldd M QHali 5525@[3, the primary
zeolites typically display a net negative franmework
buildiog anig ef a melecotansieversl the irldavide] éastemhbdmbnenit vkith topologe described in

el.ectrical neutr.al . 064] Zeolites ca .so include.
terms B R dnitp SOl Chgvan F?ﬁiﬁl&ﬁﬁ%ﬁgﬁﬁ? b edisipondaty bifiing
units”{EBELLUr es or have simlar properties and/or are

assocli'ated with alum nosilicates. These include the

phosphat es: kehoeite, pahasapaite and tiptopite; and
[0066] hethssd aspattgstesdipitian @b thel frdneswdrk vomlo gyeof aunsleciley, sieve can also

e B b e SR SRR g e 500
pce SRR om0k R B AR Siing i

formingd chraravtgristis phges e For siahipie) abdatite) Febbsphadndseolite Y can all be

| 1 oal um h h d i
generde GY IHSrPRGAPERIIBThGEpHL ke Hbgtadletistedrgdiomaprsmthod of
descﬂ%@%(%d@@ﬁﬁ@t&?e%h@s YRARS Himeh &SR Shdet Shﬂdi&%@%%& Viaricus kinds

an-integer 1ndicating the structure type.
of chaimsl can alsatbesisal/ asthe basihfor eohdtmictng alatoleonlankieka damework.
zeolites, but many have novel structures. Wien Si is

on | PRl ik T om0 BBl
Analc%r{f@ %JIRE)%QE@ Qb &P R1uindin 'Sl ke) A AMCAMedrydiled il S5u

Aluminum Silicate), and Wairakite (Hydrated Calcium Sodium Aluminum Silicate);

Bellbergite (Hydrated Potassium Barium Strontium Sodium Aluminum Silicate); Bikitaite
(Hydrated Lithium Aluminum Silicate); Boggsite (Hydrated calcium Sodium Aluminum
Silicate); Brewsterite (Hydrated Strontium Barium Sodium Calcium Aluminum Silicate); the

Chabazite Family: Chabazite (Hydrated Calcium Aluminum Silicate) and Willhendersonite
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framewor k. These netal atons include Li, Be, M, Co,
Fe, M, Zn, B, Ga, Fe, Ge, Ti, and As. Most
wagadwsiopgsat ed Al PO4-n ' s have the sane struct uUPET/@S2006/007037
Al PO4- n, but several new structures are only found in
SAPO, MeAPO and MeAPSO materials. Their franmeworks
pically carry an electric charge. Thus, zeolite

t
(Hydrééé Rokassiym Galgwm AbmiinreSiticatal Gombesde (Hedated Ca[lc@mﬁ A luminum

T RN RS CRTE I -

(Hydra’&d Baridni CaleRey AL 3Rintm SilisthtSTBbREHHe (H?Hfa?édrbzﬁ&ﬁﬁﬁ mlnum

t he r|mahy bui l ding unit of a nolecular sieve iIs
SilicajeydEnqraigd yd@ttqdaw@ura IPotassitn Qalcmm: Ahoiiogm Sdheam); Emjasne

S P O TGS S SR 88 Qo

Potas§ijm M%@%ﬂ@akmﬁlﬁﬁﬁ%tﬁllcﬂés e Bisin@RdiRb F tg#ﬁg Amicite

framewor k topol ogy of a nolecular sieve can
(Hydrpigd Hotassivmeyadizm f&lummwm Biligate))iGasrondte (HgdratediGaicitin. Aluminum

Slhca?e f(?qgr en‘é& rglﬁ?%gtee qu{l%l umjﬁgm S 1111?32? ;gnd agl?binsite

(Hydr@t@ﬂ woainabothssitd Ioagcuhhgghﬁnw mlﬁgt *@h@ﬁﬁl dcﬂyd}q‘ied Sodi
It e

% For exanple, sodalite, Zeoll eA an
Calcmm lmnubeS@leaie) &icapatoijte t(HyzdI’ated rfodfvea Cakiwah &’dnmmuhﬂ&ﬂmate)

Goosel IF gHB LR ol A rtufy s HerEh b pignotome Hamity: Harmotome
(Hydrhte® BdH RSt AB8Rm Aﬂﬁﬁhu&bsl 19ité)9Phﬁ'i‘l s?te f@f?&'aféﬂq)olfdsgﬁ% & dium

chai ns can al so be used onstructing
Calciun AdimaimyinaPilisate) &V ¢llsaﬁéH@drkted [Bm&ﬁi CﬂomneRanuan Alinﬁmum

b b i o
Alumin@hl $iG¢4t6) dnlididdrRitte A SR ﬁi iR §i"1)1tcz?c)a)

and Wairakite (Hydrated Cal cium So um num

Laum@tjtq: &&ycbated B‘@ldllbn AdimeugrHyidicate)y ieM@&Sydmﬂ:cB@ﬁ]icliﬂm Sodium
ilicate), Bikjitaite

o S L A o
Alum1ﬁﬁb[1cﬂ'1§$a%5 M?e'rfr‘rﬁdif@ o ﬁté&ﬁuﬁijgbcﬁ{ﬂﬂ é%& ' Ba Aluminum

Brewst eri't rat Strontium Barium
Silicata); Mmﬂt&tmﬁldltec(ﬁydja;ted Patagshab Sadine Ahmiihym StheezMogdenite

r Calcl u um num Si |l i cate) and . . .
mydf%@%?fﬁ Pé%?ﬁi%?ﬁ-@l é@anmsma%lgw > tha NatrplitaFamilisMesolite
drabd $68LB)Ca1GAN £ IACIES i

Ey Silicate) A DaChI%I te %‘n)ate chi u?negérs]g?%Alummum
Slhcat@baladsSm]mlb&I (Hhyilrated (SalbllunﬁARl)mmEdIS’iHmw)t Ogfrétity ciipdreidd Calcium
p Bar j uym Cal ci mAIum umS|I|cateZ§l Epistilbite _

otassp, MR SR ERABFR I ReTioR e Bied Ty BFacAdien Aluminum
Silicaté) PaIficRd &’ﬂ AT 4

e l'—)HPJ asite (ﬁglygl'r at egac %ﬁgi gg* %]i)(ﬂﬁn%gnesgum thhl(r:r? lg%ne)
Perliali$e (Hybted PotassinimeSddien OdjmilrﬁisadnﬁimdlAJlmnmum Silicate); the Stilbite
Family: Barrerite (Hydrated Sodium Potassium Calcium Aluminum Silicate), Stilbite
(Hydrated Sodium Calcium Aluminum Silicate), and Stellerite (Hydrated Calcium Aluminum
Silicate); Thomsonite (Hydrated Sodium Calcium Aluminum Silicate); Tschernichite
(Hydrated Calcium Aluminum Silicate); Yugawaralite (Hydrated Calcium Aluminum

Silicate) or a mixture thereof.

20



Pot assi um Magnesi um Cal ci um Alumi num Silicate); the
G snondine Fam ly: Amcite (Hydrated Potassi um Sodi um
wdbewiopssm2 Si | i cate), Garronite (Hydrated Cal ci P@T/US2006/007037
Alumi num Silicate), G snondine (Hydrated Barium
Cal cium Alum num Silicate), and Gobbinsite (Hydrated
Sodi um Pot assi um Cal cium Alumi num Silicate); Grelinite
[0068] |l e pergcisi nanprzatielripAnomHiva eglitei s alned further aspect, the

di m Al-um um
oo 008 S UORA) SR L LU AR i e o
LTASMEICBA®) or Che dﬂ&ﬁﬁﬁhﬁgﬁldf@iﬂ l'y: Harnotonme (Hydrated
Bari um Pot assi um Alum num Silicate), Phillipsite
Hydr at ed Pot assi um Sodi um Cal ci um Al um num Silicate),
[006 |aé1nfﬂéer(aﬂgﬁ'@h Aberolity GUIRAITSS & NegAtivekyshetzafmctipnaliom That is,

F Cl it
i on o el Fal T PR ol i R bl R B
frameoatk, Hehil the ifitam etvoyit matredinSatlo vl Cadt GletiialAnbfseN Wi further aspect,
Sili cat e); Launontite (Hydrated Cal ci um Al um num

the zeglifq ¢amthaye a peighaeeeqmthe altyé@llwftamﬁmbd Onemeranpls sthergin the

zeoht'A‘Icgl!E'gH%I %‘E;g?t?\% U)Zg:%r%{a%z nucr:ntl ?tgs(?l(,ldte Pt Ssﬁg]%lj%ln%gs%celct me
negat{VHWﬁfg%d faiﬁtl@ﬁﬂhty@hlﬁﬁﬂlﬂlbﬁh&@ ﬁicumllg,@ ol @ﬂalﬁﬂﬂa RilA#Tons. Thus,
0

Silicate); Mntesomuaite (Hydrated tassi um Sodi um
the zealitrmanapartries ean kg submt B)elﬁnteécfmg@l mathestl vgoighsind he nanocomposite

menntehGRgh R R PR Shonfifocls kil o
Hydr@hhlh@ﬁid&a)mmh%bﬂl Féitd Edutingd Rl gRestyURINeHIEn Wlter separation, Ady.
Silicate), and Scolecite (Hydrated Cal ci um Al um num
Funciigmal date) 15 GO052834.¢ (Hydrated Cal ci um Potassi um
Magnesi um Al uminum Silicate); Paranatrolite (Hydrated
Sodi um "%Ek%'l cate); Paulingite (Hydrated
Pot assi um Cal ¢i'um Sodi um Bari um Al umi num Silicate);
Perlialite (Hydrated Potassi um Sodi um Cal ci um
[0070PParivld sipe A uamdparticles ik oAt jesctibed fBtteinky dfavbal glé hydrodynamic
Barrerite (g‘!ybdr ated Sodi um Pot assi um Cal ci um Al um num

diametyr) pssaRE)E 2 sbptapially phpdsad shape of thanar@ies | Wiklaitdsroniemplated

T e O T
skill 1A|tlw'arf] e Binbp&EER} of iﬁ%@ﬂ@hﬁbﬁ bie, th dridvdpast OfitiCan sietite

Al um num Sil I cate); awaral i t e (Hydrated Cal ci um

hydrodynamin diansiteriod dios) almut o Serabeout 1HSrmefirgm @B@}t 10mny tpeabout

to00 B3P RRl U BRI 000 ReFOTRLLSF TR sbE Dap by, om
about MGine tdibofte o0 £1@, fofndbdat TEhANRE E6brit 300 Sl dELabbiP §0 ﬁmocb about

LTA), MFl, FAU, or CLO or a nixture thereof.
200 nm, from about 200 nm to about 300 nm, or from about 50 nm to about 500 nm.

[0071] In a further aspect, the particle size of the nanoparticles can be selected to match the
thickness of the film layer. For example, for a film thickness of from about 200 nm to about
300 nm, the nanoparticles of the invention can be selected to have an average hydrodynamic
diameter of from about 200 nm to about 300 nm. As another example, for a film thickness of
from about 50 nm to about 200 nm, the nanoparticles of the invention can be selected to have

an average hydrodynamic diameter of from about 50 nm to about 200 nm.

21



[0069] In a further aspect, the zeolite conprises a

negatively charged functionality. That is, in one
was@wembss7t he zeolite can have negativel y char gedr/us2006/007037

species within the crystalline franmework, while the

framewor k mai ntains an overall net neutral charge, hi

a further aspect, the zeolite can have a net charge on

t Be HYDROBPILIGLANEBewor k. One exanpl e wherein the

zeolite conprises a negatively charged functionality

: . . _ vl '

10072} fn 68€4pbS:, e rhdhitll FTAR0GEon  SoRBHEL A 1 hving g face,

wheredx theyfi e Sinhptises b polymer Mafix, ahe c&eRirhbecdhaifie %ﬂiyﬂfdpﬁﬁic layer
e

.can be subject to ion-exchange with silver ions.
proximalsde iefass 118 aferberaseest.dhnhydrephibiy layerednrs adjacent to the face. In

L ] rti .M P.. M ell et al,
o et ft bkt e BloBRES 1T st sRiieP R QR PG for
gravi ty-independent water separation, Adv. Functiona
[0073MaVlgite it Isccoh2Rgfi)te BBt the hy ili@ugyeﬁlc&{éc&xgm&] anG &y 8iophific
size for nanoparticles is often described in terms of
mater@@,@%tq@gﬁdﬁfhg}hnéh@%ﬁh@ tayer, Esenmaspectacomprises a water-soluble
=Tl P Leal, shape of the partjcles. 1] e
pdym%# b]?ls con ?ll e%‘n% Fc;tt ttlelg hﬁrg?hﬁlﬁ ggyﬁ ﬁﬁ%]p%?fl?l?r&e@ ie&ft 9P é’%(’fy"myl
alcoholppamtingirpyeie, pelyPingVp@eslidofe, HydrXbidp§l &1Rl%E, JoMRMY lene
to those of skill in the art, the nanoparticles of the
glycol; sapaptticd pokethyleng-vind aesipte sopolyineh traethylees giyeol, or diethylene
r ' i ameter of fromabout 1 nmto about 1000
glyCOl%%ﬂ%?%?n%eg%ogi 10 nmto about 1000 nm from about 20
nmto about 1000 nm from about 50 nmto about 1000
[0074hinis Eommemplatedtthat tiohydeophiiditay&Qan @Hinpf'iﬁé)m:l%b{ﬁ%ﬂ(e& RydiBphilic
m

tQ about 500 nm from about 50 nmto about 200 n
polymesie ABIlt I 0BeR BectaBe bydophifimlaysr cdr eompalse amos@ronslinked

: 07 t . t. th .
T T e e
polyvinyitatdohiohelt iduleknasstadd thixahé hidFop@yie layeF&in ﬁﬁﬁmoﬁlpé‘ig% the

for a filmthickness of fromabout 200 nmto about
nanopgyfelep pEthednvspaipn dispessd avithim e layasnn o furten adpects Hleamnephrticles

t ayve ver hydr gdynam c..di.anet of from ahout
can b A S B A R R s R U Sracted. S T
comprisBiackdredmked pblyaiRt, ahe e B opMities 8BRPE siBP@ntMlly dnldSnsulated
... nhanoparticles of the invention can be sel ect ec}, t o "have
within {be pelgngye hydr odynani ¢ di ameter of from about 50 nm
to about 200 nm 3. HYDRCPHI LI C LAYER [0072] In one
p t he nmenbranes of the invention can conprise a
fI'lmhaving a face, wherein the filmconprises a
pol ymer matrix, and can further conprise a hydrophilic
[0075]ITayee aspect, the membranes of the invention can comprise a film comprising a

polymer matrix, wherein the film is substantially permeable to water and substantially
impermeable to impurities. By “polymer matrix” it is meant that the polymeric material can
comprise a three-dimensional polymer network. For example, the polymer network can be a
crosslinked polymer formed from reaction of at least one polyfunctional monomer with a

difunctional or polyfunctional monomer.

[0076] In one aspect, the nanoparticles of the invention are disposed within the polymer
matrix. By disposed “within the polymer matrix,” it is meant that the nanoparticles are
mechanically entrapped within the strands of the three-dimensional polymer network. For
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proximate to the face. In a further aspect, the
hydrophilic | ayer can be adjacent to the face. In a
wgedoshomssther aspect, the hydrophilic |ayer canP&BUSI06/007037
contact with the face. [0073] While it is contenpl ated
t hat the hydrophlllc | ayer can conprise any
gl?érho ic material known to those of skill in the
exam t E)ﬂ

f‘gg,‘%artnx F#p l@m@o@p@@i arogmiﬁhangggpaatlcles Such mechanical

tr Iﬁg [ I urt.he e
eSOl Bl B SRS 8PS i i
nanopadiofesi any brea¢rt dincihg t}féqio}’ythéﬁﬂah@h( Fdaeliéh. RAGYM dk¥inple of such
yrrol i done, hydroxy gropyl cel | ul ose, polyethyl éene
mechgw GPUa@’&% i Vhegingae Wloﬂ??llt@lﬁéam a@ded 4z enan-erosslinked polymenc

SR M PG 58 oSl 6 SIS

is perfa)ylded)pthmlb itlee hempBartiCien i PREKehS &t & vndeRR)olK&the invention can

ﬁ@rophlllc pal yneric material. In a further aspect,
includeihoth9icfhe fpreeqag pxamnlecereas bapinitd ta onenf thedespoing edamples, as
desire@Ydr ophi I'i ¢ polymeric material. In one aspect, the
ydrophilic |ayer conprises crosslinked polyvinyl
alcohol. It is also understood that the hydrophilic

[0077] Hyme aspectf whérheinopAtiples 8@ (ﬁ%sé@*\@i&lﬁh%&ﬁcﬁfmﬁf mht?&,” at least
ventjon disposed within thé |ayer ma
about 39 ﬁe(tftthe Yolume 94 8plgpst iabow S 0¢athe menepsistlesis mdchgmcany entrapped

ro h| I
it Qe QRS SRE ok el Rl 8B b P X ovatBlp i g o
60%, astrlehst Hieoun A0%p 8y Teast b.&ﬁlt@@% bfeatqsm hBdt 19894 Of the volume of at least

encapsul ated within th epoq\ii’z1 4. FILM[0075] In one
about 3Q¥the nanoparticlasisam he meelani y.envmedcmﬂmﬂle@mapds afdhathree-

el A AR i (SRR AR Pl e

least aboe0NE ableasttabontTwYs,idt 1628t abBit §099) ot TeaSBlboh00% bf
nmeant that the polynerlc mat eri al” can conprise a
nanoparieles o) emsehsntoallp entyapped mathimothi striads oftiantblee:ditdessional
polym network can be a crosslinked pol yner forned
romreaction of at |east one pol yfunctional nononer
with a difunctional or polyfunctional nononer. [0076]

[0078]l Suchrg a@pRe ate 1nbbﬁtr£b@flﬁ@é’dﬂdht€dtﬁ®h&femt5‘ﬁarﬁ£l¥ b dl%ﬂ' HySically
di sgosed within the polyner matrix. di spose
located: yjthiy qpqlmge%mwgpl A pattigle’ qug lmsreﬂtsephyswaﬂ}atocafed w1th111 a

S S NN A T

polymdriv rexeripll #fier tHipob@hotPRtioNFattidh EAbcREr&d, 0SS! i nked
around t he nanoparticles. Such nmechanical entrapmnent

can occur during, for exanple, interfacial
[0079] @}eyqﬁmpieawh@;ﬁm mebipaical enfrepment of particles within the polymer matrix is

typically absent from a film is a procedure wherein particles are positioned within a polymer
by a solution casting method, with or without a “compatiblizing” or “priming” step. For
example, in a solution casting method disclosed in U.S. Patent No. 6,585,802 to Koros et al.,
particles are “primed” (or “sized”) by adding a small amount of the desired matrix polymer or
any suitable “sizing agent” that will be miscible with the organic polymer to be used for the
matrix phase, thereby making the particles more compatible with the polymer film. In such a
technique, the particles are typically positioned within the polymer subsequent to any

polymerization step and/or a crosslinking step is absent from the technique. In such
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nanoparticles are present during the pol ynerization
reacti on. Anot her exanple of such nechanica

wendocapssent i s wherein the nanoparticles are a”PdBEUS2006/607037
non- crossl i nked pol yneric material after the
pol yneri zation reaction has occurred, but a subsequent
crosslinking reaction is perforned mhlle t he

techmqms,dpgmrtlcleg grearod mechandenlly entrappedyridhin sreobandhef 2 thrre-

jon can ncl,ude bo h. of
d1men%?n Bﬂ yBJé:r ff olf]é dAg%org yo*n < a%%crhgxb% oﬂh@ gaﬁféﬁ]@m@ﬁ’ot
dlsposgtf‘sdvﬁlﬁﬁ thd SYlyrhbr MBrRNE IES BAGrstovd At Elﬁ'ﬂ@ﬁ&lthple&ﬁn,aﬁeme
di sposed "within the polyner matrix," at |east about

aspect 3xofuded fovothe mvepfiomt | east about 50%t he
nanoparticles is mechanically entrapped within the

r of the, three- nsi nal
ooso R P TRt B R TE aRF0 wf e
polyméletﬁ&hxa’bB’yt“sﬂ%ileﬂ &ica iﬁsﬁﬂf&&d ﬁﬂﬁﬁith@?%yﬁfer iy ditdsmeant that
at | eaSt about 50% the nanoparticles can be

at leasmimiua&@%aiflﬂye miuma ppeideast alpnui 50Hethe mpropgrticles qapbe mechanically

e SO0 eIl PRI, SR, s
about @@’%or at 1ch 8 a65utIOLST thE Yoludle drR@ Sastaddout 500 Yhe iopdrticles can be

[ east about 90% of the nanoparticles can be
mechanizehyp eitepped withinr thp peandsiof iethrasedimensien pekymer actwork.
t hr ee- di nensi onal polyner netmprk [0078] Such

00w RS RS Rkt PR A s

peneter@ Iy BEE, CTRARES i1k leséMRalllioF |t1@e Mbpmmﬁ penetiateg shetikt.yBy
l'ocated within a polymeric material can occur, for

“peneteata,iififlie menhighatz pration of each @amnasm@wsmosmosa@aeww tg the surface
?gtak polymeric material after the polynerization

of the ttion has occurred. [0079] One exanpl e wherein
mechani cal entrapnment of particles within the polyner

mat r i Xg PiRiEeCoMrabaeny froma filmis a procedure
wherein particles are positioned within a polyner by a

sol ution casting nethod, with or w thout a

[0082} E»Bnlpat islgbitgmplyttedghat the PRAYAT MtTEHCATRAMRSISE #RY Breq-gimensional
polymglp I % as ! thgﬁ%sg igﬁgﬁg bR §1$ ?né yctsthe I?ﬁﬁl@%&nﬂ?ﬁes at least

par

one of a8l a@@ﬂaﬁc &m&ﬂmmmmael dro@awmlypfdrﬁﬂi@e @esll-lﬁeﬁhdlmldazolone
matrix polymer or any suitable "sizing agent" that

polyepmminebmlm @olyap@mmq/ure@,mlw@a}w@mpm/mf Sutl%nﬁéd gelyfrane,

he rmt h ase. reb k S
ot RS EBEb IRt AR S48 postr,
ora p619ﬁﬁmé elua%coﬂdpﬁn&ahérb@ﬂ &% Iﬁfxeurte Yiireatl |’13ypnﬂﬂy,tth@p<§il§imer is selected

hin the pol ymer subsequent to any
tobea polymer that can be formed by an interfacial polymierization reaction or a polymer that

can be crosslinked subsequent to polymerization.

[0083] In a further aspect, the film comprises a polyamide. The polyamide can be an
aromatic polyamide or a non-aromatic polyamide. For example, the polyamide can comprise
residues of a phthaloyl (e.g., isophthaloyl or terephthaloyl) halide, a trimesyl halide, or a
mixture thereof. In another example, the polyamide can comprise residues of
diaminobenzene, triaminobenzene, polyetherimine, piperazine or poly-piperazine or a mixture

thereof. In a further aspect, the film comprises residues of a trimesoyl halide and residues of
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pol yneri zation step and/or a crosslinking step is
absent fromthe technique. In suchtechniques, the
w@aoobiogdses are not nechanically entrapped w t hP@T/UE®06/007037
strands of a threedi nensi onal polyner network.
Accordi ngly, in such a techni que, the particles are
not di sposed "within the polyner matrix." IS
a diaminehenzene ol 2 fuatherasppctathe &@rﬁen@néawemﬂﬁeswféﬂa@w& ghlogde and
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chlond@%amphaiywﬁeavaﬁlmdw the polymer matrix." By
"subst antl ally encapsul ated within the polymer

matrix," it is meant that at |east about 80% of the
vol umeb-off i THEGKNESShout 50% t he nanoparticles can be
mechanically entrapped within the strands of the
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o GRS o, 2, SLOTRL Bl

c pol yam de. For exanple, the polyam de can
conprise residues of a phthaloyl (e.g., isophthaloyl

[0086]0Thé £he fHiéknassnh be Rasublhg corfirined nmd ylhaﬂ‘lﬁieddﬂ)r example, by using
uansmg;nasi(ﬁ:nlrje{l@egértoggglgggggaly?{ﬂ‘ %nMo)t Il?(argge(? >§/a r&%lxon J, Be%fe?% ){ﬁ% %glyggl?de
membranes modified by grafting of hydrophilic polymers: an FT-IR/AFM/TEM study,”
Journal of Membrane Science 209 (2002) 283-292. For TEM observations, the polyester
backing of both TFC and TFN membranes was peeled off so that polysulfone and polyamide
layers remained together. Small pieces of the two membrane layers were embedded in epoxy
resin (e.g., Eponate 12, Ted Pella, Inc.). Approximately 60-80 nm thick sections were cut on
a Reichert-Jung Ultracut E ultramicrotome and placed on F ORMVAR?® (i.e., poly-

vinylformal)-coated copper grids. The sections either unstained or stained with 8% uranyl
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di am nobenzene, triam nobenzene, polyetherim ne,

pi perazi ne or poly-piperazine or a mxture thereof. In
wa@24d0anbeser aspect, the filmconprises resi duespof/us2006/007037

trimesoyl halide and residues ofa di anmi nobenzene. In a

further aspect, the filmconprises residues of

trinesoyl chloride and_7" phen&l enedi am ne.
acetaterfor 3ian wepreprmingdorr 3 JERL S %SWOP@%F&FP% fitcroscope

P i 0 ori de and m phenyl enedi an ne.
(TEM)bamg%fﬁ% @ﬁ@ F%%(ggﬁf VWil e the polynmer filmcan be

provi ded at any desired filmthickness, the filns of

thheproyeRiEoN are, in one aspect, provided at a

thi ckness of fromabout 1 nmto about 1000 nm For

le, the filmcan be provided at _a thickness_of
(00871117 s HiesAPecke thA4I9CRIBBRALE TRRIPIARSS Of LB ERAN CFp Basarious

proper{:& tﬁQt 3.19 %% s%ﬁ%el?érr ti%ﬁ%gglbélm@ﬁ‘o%aﬂeé be ﬁdlﬁg gﬁ&ﬂbnt flux, high

rom a out

hydrophtlizity, fﬁg@tlmet:i poEhtEd Gk fabOsmodthnesaimudx c0Mt rajection aate,
about 50 nmto about 250 nm _from_about 50 nmto about

improved@esisipncsito fowimgatsiihe st heprayded nggnionnthapepglis also
t ess of the filmlayer
unders Ooﬁq%aé[q%eeggﬁqp%glefﬁéve Ottﬂ% p%@e%g%rtl cle size of the
nanoparticles. For exanple, for nanoparticles having
an avet.afevRydr odynam c di aneter of from about 200 nm
to about 300 nm the filmthickness can be sel ect ed to

haveafllmthl ess of from about 2 t o abo
[0088] 3y mie WalsT AHY ﬁwr@%hta%s cap e %Wﬁgm bt PG cross-

flow n@ﬂm rfﬂggt&g&/ %{r%gf%%a ol el t E fe ¥ AQMAL beediRed in a

filmt ss can be selected to
high-pfessiee ehdmicah redistaktrrtigsd oéll (Stemt@hdmzw_so Sumeﬂd?eélbxoht orR0@pect,

nm As anot her exanple,_ for nano articles having an
the megpgangg sathatccdfiHath rahoH Ol Grabp wﬁgg‘&@aﬁ%ﬁﬁ%qum foot
of merfl i ne Ay TR g R RS TP G EMIoE pRSBE, S5 St e

flux canre ffd086dut DS tbiabonttthi, dtone sisout &l ﬂoabvutsmal ﬂrqm about 0.1 to about
confirmed and quantifi ed for exanple

0.2, framh baHUSloghol Gkt Fem ahput dodiompontitly fromrabaéro §p to about 0.2,
from aﬁ%l.lt "o} % abgﬁ! f fro§n ab%{: % §3f6| %@3% rr(g gSMB%ﬁ%%&#g% from

grafting o rophiI'ic pol

about (03! dyabouﬂoargaﬁbniﬁer Mpumde 8508 o SiepibEmeRD dH200 Dpi of applied
283-292. For TEM observations, the polyester backing

pressuxgf bot h TFC and TFN nenbranes was peel ed of f so that
pol ysul fone and pol yam de | ayers renai ned together.

Smal | lpl ?ﬁﬁﬁ{o‘}fmﬁlg?n}m menbrane | ayers were enbedded
in epoxy

[0089] The hydrophilicity of the membranes can be expressed in terms of the pure water
equilibrium contact angle. The contact angles of the membranes of the invention can be
measured using a contact angle goniometer (DSA10, KRUSS GmbH). In one aspect, a
membrane of the invention can have a pure water equilibrium contact angle of less than about
90°. For example, the contact angle can be less than about 75°, less than about 60°, less than
about 45°, or less than about 30°. In a further aspect, the contact angle can be from about 60°
to about 90°, from about 50° to about 80°, from about 40° to about 70°, from about 30° to
about 60°, from about 20° to about 50°, or below 20°.
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resin (e.g., Eponate 12, Ted Pella, Inc.).
Approxi mately 60-80 nmthick sections were cut on a
wRedoslesstz Jung U tracut E ultram crotone and pPere@s2006/007037

FORWAR(r) (i.e., polyvinylformal)- coated copper

grids. The sections either unstained or stained with

8% ur anyl acetate for 30 mn were exam ned on a JEOL

| OOCX @ r 4BENPOTENEIAS ect ron mi croscope (TEM at an

accel erating voltage of 80 kV. 5. PROPERTIES [0087]
[0090]'1%%[1%)59 zZ 28(%[ ﬁtlalto?ﬁle%é}ﬁ&gﬂ&oﬁ'tﬁ&rﬁ@ ﬂbﬁ%queats dby

invent1on canh have vari ous properties that provi

streamBigR@tdntil dnahetsi (BI-BRA tBreokievbn m&smenhebnpdl hgone aspect, a

excel l ent flux, high hydrophi] |‘gﬁ1é at ive zeta
membrgag efihp Iventiefn sanckave grstaedansial @%é@w SO tp @P@ér?%ﬁl"

depen({ngg (gn solﬁ@c;no%ﬁ &yﬁee 8f SARE Sords rés%ﬂ{ 'aff@ totﬁ@g uttllaﬁ i&hE E‘ﬂréﬂéth. For

n varlrous s

exampwqﬁﬁf(ﬁﬁaMNaCh ailuﬁé’rﬁthﬁﬁe‘ﬂarpatmﬁam&)e@t I&Et asrnégﬁfvtel ae&bout -5
a. FLUX [0088] The pure water flux of the nmenbrane

mV, atdeast prenegaetiasedbopir 13 m¥b¥eashasnegatiyeasabeys OGN » or at least as
negatn(,vaatsgga LI\ rgoa:‘rt '}f’sr}m?ag @aoxéfﬁboxf 1o G¥ARlgE: the pure

1"UX gh-pressure chem cal
resistant stirred cell (Sterlltech HP4750 Stirred
Cel 1) .d.]| RovemNESPECt, the nenbranes can have a flux of
from about 0.02 to about 0.4 G-D (gal | ons per square

‘ menbr ane per day) per. psi ound, per squar )
l00911. Ths:rﬁ)lrfa@ toppsrRly irtes W’%ﬁﬂzﬁé rne@abéﬂ%%an bhaep Aty atomic

force ntﬁgros (ﬂ%] (%Pb‘ﬂptr o%?nrcggn esti %R?Htallgw% calEﬁlgfﬁél‘?Qf ! %or%gn%:aﬁ Qquared

(RMS)tIGugbﬂBEI vdluetfor b hyimtahes durficé SHoek, ERiiV ., 8. Bhattarchmm@bmﬂ M.
0 about 0.2, from about 0.03 to about 0.2

0.0
Blimcll et ot S aasRAuangss oM MATITE Db Vi Biiracsions.
Langmu rol@ @E&gt48g6 %%42 gh?&%%sggct a ?x@}nlb%ﬁlé og ﬁ%:r%gééﬁ{ogcta@ .ﬁgve an

RMS slmhklhieﬁé a'ffleaﬁs&ﬁ&%ibo'ﬁlﬁ @0 yeh: (Hmh IekarﬁpléythefRM& gurface roughness
menmbr anes can be eeressed in terns of th espure wat

can be desa thanisbputrhSauns lasstt ah@b%lt 66 Hm, desh thaaabapy] e@nolFSStth@l about
nes e neasur ed
Sonmc %Qgg} ang%%ggbﬂ%%%e &%ﬁ@%pag?KRuséucﬁbF;élrg gne

aspect, a nenbrane of the invention can have a pure

wat er eqRiebk®riodnm cont act angl e of | ess than about 90.

For exanple the contact angle can be | ess than about

| ess t han ab%ut 60, |ess than

[0092] Sa'lt water rejection of the membranes of the mvention can be measured in the same
high-pressure chemical resistant stirred cell used to measure flux, for example, using
approximately 2,000 ppm NaCl. The salt concentrations in the feed and permeate water can
then be measured by a digital conductivity meter and the rejection is defined as R =1 —¢,/cs
where ¢, is the salt concentration in the permeated solution and cris the salt concentration in
the feed solution. In one aspect, a membrane of the invention can have a salt water rejection

of from about 75 to greater than about 95 percent.
f. RESISTANCE TO FOULING

[0093] The relative biofouling potentials of the membranes of the invention can be evaluated

by direct microscopic observation of microbial deposition and adhesion. S. Kang, A.
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about 45, or less than about 30. hi a further aspect,
the contact angle can be from about 60 to about 90,
wo canoggsout 50 to about 80, from about 40 to aboOTUS06/007037
from about 30 to about 60, from about 20 to about 50,
or bel ow 20.c. ZETA POTENTI AL [0090] The surface

s AR, R ToBMAE e BBt
b1ofou1%'ig)fi’1kd?@ééq{bv¢ RS&bHIRRbn GREanishid 078 It)@ﬁﬂﬁﬁénd r@leH@%z&ﬂ@l of

the invention can have a zeta ential of from
Membmbe StienddR4Ad200D U5 1-156. ﬁvlialdbpeoquan@n@ adlssed ol £religtH-polyamide

o 15 S 0B SETE B ) i
kit (e. gchI%'Et/DEAU@ A ! M Bgééﬁaé Qﬁaﬂﬁ Vﬁo&%ul%ppfbtbes IndMEugene

| east as negati ve as out - | 'east as

Oregon)efgnl-4urinates, dbtioed Bﬁ)o‘mérvambn asinlgea‘hiormeﬁwgmbroseoms(e g.
e of fromabout 4 to a

about -45 nVv for pHs I ? <£
BX51, {iymaus Aegirnas Visslls Nive. ddting el GHdsoLHySHF S spots
and de?c}/ {iﬁi&%%t%&‘)dceﬂ@ m%ﬁﬁ;} &ﬂgggﬁ BRY§3LhGRIE %@411 aﬁ%fﬂrﬁoact of

ce m croscopy I nvestigation
ultraviélat Egﬁt @hlb@aeﬂil aﬂhésﬁ)@fi tonglass and unmtaid)x(cﬁl\(ﬁ)atddcsugfhcﬁe ﬁallozds and
val ue for ne surface. Hoek, EMV., S
Swfacﬂﬁﬁlﬁéf‘?ﬁfﬂf@él @H%S)M53éqlml ech, "Effect of Surface
Roughness on Col | oi d- Menbrane DLVO I nteractions,"
Lang hpk 2003) 4836-4847. In one aspect, a
menbr e o the invention can have an RVS surface
roughness of |ess than about 100 run. For exanple, the
[0094] RA/Basety bﬁmembmm@h;hm aoemseﬁfl ahé san bdpuovaled usingShepresent

inventipha KOOSO PBe BTN LBEADS: Riaiohopi 4 DRmranes

about 40 nm e. REJECTION [0092] Salt water rejection
D. PRE AR ONRIFN MéosTEEMENMSBINIRN can be nmeasured in

e sanme high-pressure chemcal resistant stirred cell
used to rreasure flux, for exanple, using approxinately
[0095] In ©06 aggea, NeGhemThasesed the fryaniéon araprepatsdihy 2 methpddistinct from

t th d b
the coryBHUTE Ryl o RRE PraRtr R Mg et o TS BURY AEN i Phiaues
used inlconvEmidnbl R@hﬁérﬁb{éﬁe bfephiBos 8d b&éiﬂﬂi@ﬂ;lé & iheMdtRodsh the

perneated solution and c/is the salt concentration in
inventibhe feed solution. In one aspect, a menbr ane of the
i nvention can have a salt water rejection of from

alb 0 lftHIN7 E‘ILM C Mel’ag:SIe'lrE m%l%R%bN%lﬁOlg\?Aﬁslr\l Cleli!gHN IQUES

[0096] Thin film composite membranes can be formed on the surface of a microporous
support membrane via interfacial polymerization. See United States Patent No. 6,562,266.
One suitable microporous support for the composite membrane is a polysulfone
“yltrafiltration” membrane with molecular cutoff value of ~60 kDa and water permeability of
~100-150 Vm*h-bar. Zhang, W., G.H. He, P. Gao, and G.H. Chen, Development and
characterization of composite nanofiltration membranes and their application in concentration
of antibiotics, Separation and Purification Technology, 30 (2003) 27; Rao, A.P., S.V. Joshi,
J.J. Trivedi, C.V. Devmurari, and V.J. Shah, Structure-performance correlation of polyamide
thin film composite membranes: Effect of coating conditions on film formation, Journal of

Membrane Science, 211 (2003) 13. The support membrane can be immersed in an aqueous
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f. RESI STANCE TO FOULI NG [ 0093] The relative
bi of oul i ng potentials of the nenbranes of the
WO poosnbsson can be eval uated by direct m cr oSCOPCT/US2006/007037
observation of mcrobial deposition and adhesion. S.
Kang, A. Subramani, E.MV. Hoek, MR Matsunoto, and

A. Deshu t t f
solutioh-GRERRE MR FRGRNT G 10 ﬁlgf%@%"ﬁgﬁ?@e&b@ﬁ‘gﬁ%@%’ﬁ@n The
substra"t‘é"ganr tﬁél’? Vﬁut il @bhia! wit adVbrEhhie RElui6h SHRE] {eR8fi¥eactant

ity of bacteria adhered to Zeolite
(e.g., tﬁmps:dyg{ a]uftodée oxzm;lm llatialtop)olrlib’@maﬂﬁ, tb@Aygmrmraaﬁl@rsh@ad 1s

imnisqlBlegii e EPRART P ehBT oL R Races o e
betweelﬁ tfle tvb@&ﬁ?ﬁ&%@rto ?&Hp@éensb RElymcEURRNEN HeQ8 fembZard surface.
nut es by observation using a fluorescence

m croscope (e.g., BX51, A ynpus Anerica, Inc.
[0097]NBlesitirlderd ddn¥itions Einthagactiinl of MBR dnd BYEde feen a£ulb'r ageimatic,

polyar%lgoilgn ? ng%%SSI%ﬁgaC{)rlé}/lg %_rg: % eI D%ﬂ,ﬁ"&i@ %glﬁc%%tratlon ratio of ~20
with Mr?é]? g lofl £to 4 % vRagtieh 't&l pc@eﬁl’iﬁﬁé@ nTHeQe&!tﬁﬁ%aﬁ‘BQ carried

oxl de-c ate surface, | oi'ds and Surf aces
out at IBoBi leinpemtfradesn dpeh e@ﬁﬂmeﬂts@gtlmteng)era@mpﬁe{tmghﬁ pddar or the

varj et f nmbr ane.s es re ef can
spolar Jiarde! CPHEO’&J;S Tiegns RS fairga oct o5 o
barrierID idifbit m%%ﬂtacm&/@éﬂ Ifeh&%ts aﬁ&'k)‘*@lé\fl do®h thd f‘étactﬁﬁle @bnce, the
type nenbranes. D. PREPARATI ON OF NANOCOVPOS
selectii)ﬂ&fs’é\ltﬁ& §0fa5Ed Isnypioalyaswe ttin andpermeabledm wtem,fbttt ln‘éatlvely

v o BB oI BB
converi%‘?ﬁnigfrgescﬂﬁé&’ a0 rel8i8e bERIN ﬂ%@ﬁnh’xﬁﬁ&nb n conventional

rane preparation can be applicable to the

nmet hods of the invention. 1. THI N FI LM COWCSI TE
NEVBRAGE NFAGRETN TN K BSVIA DG T EIVIQUES | m
conposi te menbranes can be formed on the surface of a

[0098] ro o gfegqs }oglﬁﬁgé rﬁ%%%ﬂ%oﬁl%@tl%am abranes typically have

the abl'ﬁ 035@2561%@@%1 apd PRIt a{HdCthtRﬁiraI%%lo‘ﬁb' pﬁq{ahoﬁﬁfahbﬂ €hembrane
osite rane 1s a polysulfone "ultrafiltration”

exhlbnmmehrmual temowall it adentconayifonpablaets ofhileDckdanaend! reverse

B T A LR o A iro o
compogﬁé‘ﬁ ét?oﬁt(l\ﬁ’i‘j‘ R RS it Sn RN bl dW R PP FBERE SRS with a

elr application in concentration
hydrophlhc monomer or polymer containing amine groups (e.g., tri-ethylamine or “TEA”

catalyst), is dissolved in water. The microporous support membrane can then be immersed in
the aqueous solution with a piperazine concentration of ~1-2 wt% at room temperature for a
desired amount of time. Next, the membrane is put in contact with the organic solution
containing ~0.1-1 wt% of TMC at room temperature for about a minute after the excess
solution on the membrane surface is removed. Other changes to water flux and solute
rejection can be accomplished by using different monomers and initiators, changing the
structure of the microporous support membrane, altering the ratio of monomer to initiator in
the reaction solutions, blending multiple monomers and initiators, changing structure of the

organic solvent or using blends of different organic solvents, controlling reaction temperature
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of antibiotics, Separation and Purification
Technol ogy, 30 (2003) 27; Rao, A.P., S. V. Joshi, JJ.
wareoémassy2 CV. Devnurari, and VJ. Shah, PCT/US2006/007037
Structure-performance correl ati on of polyam de thin
film conposi te menbranes: Effect of coating conditions
Jou nal Menbr ]g Sci ence, 211
tqr

f or ,
and tingo gt sHidlie i aptlaracion drvrocai ggipriln an
polyfut%ﬁ%ﬁﬂ%ﬁﬁés‘%ré QRsSI96d A \K)ételgarfl‘l l%ﬂy&ﬁﬁctfo%@ﬁc"i’&‘&hl&ﬁd& are dissolved
1, 3-di am nobenzene or " noner The substrate
in a suitabhe érpoldyeolyent, wfmahomrmmscmkt Wwith rwamrgﬂm; for smmpledrexane

heptang,ab it byefbReig, o obers) i baac isarign gain ey SIBFLRE to be
bound chl) ﬂiébﬂ/ itSs begBved ik ﬁle‘ﬁhﬂef‘fa&ﬁ%o@fﬂoﬁﬁe&ﬁtl MG&EH &deg WbCrake

the reaction occurs he | nt ace bet ween
place ity ﬂE Waxcr Babe)because & bightyr lmfavcn‘aiﬂs @aipidion naefﬁlc'&n’efor acidtchbride

menbr ane surf ace. O he st
limits lﬁ&ﬁfgﬁ%blwsmm aqURRUS RIS, | %{x Hm t gﬂ w%f R thaming
f
o B O e RS 1S
alreadyMPfned, and then chites i1 pemtee vittbycidwehlgtide omthetvegamid sulvent side of

hase. The reaction can be car ied out at room .
the polgaéﬂlgg 1a¥er, r ENysyne pg H{gam‘glj;plgvleﬂ‘%sﬁe of the polyamide

film. \g?ﬁ%ﬁft‘%lgﬁﬁg 8§ bELSUH yttﬁﬁny &ﬁrb ?Evédngaﬂ?ﬁ {e}ﬂédcerlgésgd‘fi tHe thin

ot h can~be contro or ned,
film fopoddyatehe ingorface nsqmmmﬂyalsteﬂnhmd b'y dlic tate dfrdilffbémn bhtke amine to

cant act between reactants a sl ow_down th
the OTgf“@a@ "i’SSﬁ’laWé'ﬁE@fgafl’r’fén 1‘3’&? %Pé RIS aI%&P@A%oS%ﬂﬁ%ﬂ I.I.
IRy Tt :
reivd & $ USRS, 48113 18, S50 R8AE fod obB oP amice i

film compsp:ﬁ@lﬂbmbs dffecTbf ®atiyp eormﬁtldmninrfﬂﬁefonﬁatmn Journal of

conyenti onal descri bed as a reverse osnosi s (RO
Membraggdgienes. 24 (2 J m@dﬁ Mand S.H. Kim, S c?ure—motlon-

perfornll: %&gﬁgﬁﬁ?ﬂ%@&%ﬁh&&gg ?flv(eﬁél&shn% sis (RC Z ﬂ{e%ﬂéﬁes cpmposed of

[trat I cal

aromatieepoyaintide thin filohy, Aroireehentl Stednye FePechablogpli 36a2601) 48841 Kwak,
nonoval ent ions. A nanofiltration nmenbrane exhibits a
8.Y., Rsjaipashighef islaxpiorprapeisy todrveipetRos RAMARH B AR aFmatic

polyam{¥l e B o PO O R B0 B . ang W,
Thm, Usmdf\mhicdbﬁb nmbxro@cdpyl maon@e&tdmmarbécbpy tcocthadeFehze

menbrane can be made_as fol ] ows. Piperazine, together
Stmcﬂmﬁrnrﬁpea%gﬁéfoesrﬁﬁmq comelsibion high-the rpverse ewmasks RQQIgnembiaacs,

Journa%gﬂ%piﬁ ge g’aen&r I15§ Eflb\éb?{ﬁsn% grPat% CSS%??{ ¥5F %ulhgr M,

m ¢roporous su

Basic pmazpmeaﬁnimbmmwﬁﬂl@ Sdrond Jianes Asaleutit PabMdheR, Bordrecht,
i perazi ne concentration of ~l-2 w% at room
NL, 19 %rPﬁéqr%@puRé . ompostie Eversg-osmesin ené pangiilEatiquarembranes, Journal

of Memg?a%ré% %39('1‘§9§)%19ﬁﬁ}1€£r5 M t&h f‘ulggok%r 9a§2|18%,kis Rl ﬁam j1, and T.
Uemura, Development of cross-linked fully aromatic polyamide ultra-thin composite
membranes for seawater desalination, Desalination, 96 (1994) 133; Kim, C.K., J.H. Kim, LJ.
Roh, and J.J. Kim, The changes of membrane performance with polyamide molecular
structure in the reverse osmosis process, Journal of Membrane Science, 165 (2000) 189;
Hoek, EM.V., Colloidal fouling mechanisms in reverse osmosis and nanofiltration, Ph.D.,

Chem. Eng., Yale University, New Haven, CT, 2002; U.S. Patent No. 6,413,425; Comstock,
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containing -0.1-1 wt% of TMC at roomtenperature for

about a mnute after the excess solution on the
woreovbngsse2 surf ace i s renoved. Ot her changes t oP@EIUS2006/007037

flux and solute rejection can be acconplished by using

different nonomers and initiators, changing the

structure of .the m croporqus suppor ]
DL, D FIH oot B oGk R ARy e (oA B by, 1.
Peterser, REE LT 2$bnS /B IF0 Bgick&Ine NN EinHint EdthBosRREIWLtSr Biétse-osmosis
initiators, changing structure of the organic sol vent

membrape, Desufivatiiie 32 §1380) @b f Catotiat J. R Jovesters bl \am, R, Petersen, and T.
ntrol ling reactian tenperatureand tinme, or. addin
Stocker gt igation ergBrans branden'tie frecor iperutyane wpataigf fichndlpey,
Desalinki?oid §0€198g) 7POBYEHNS ! YOPAlinR ARSO K 81, SHPta¥&fhotiffication of
wat er and pol yfuncti onal acid chlorides ‘are di ssol ved
commeiicial polyanidgybesrseorspoissrmenbrares by matlicehgriaBingnAin S CTRIFGIR study,

ith, i K lLe,. h . 1 t ha,
Acta Poer skt QO g4 Bl Sor T A R biog By o RaHehs, and
0. Kede\kf)m: JuerabOI oW iR RPof @it el BénPYsife R a¥hidd fevbRe osmosis

elieved that the 1 nterfacial polycordensati on
membranes doiran! ofddembiainetSaicecg (138 €1998) 1 e BedfeerS. ph&skon, Y. Purinson,

. ca hi.gh unf aver abl e titio oefficient for .

R Faingfg) DSt MATED 3 cleidyariih 195 B heribtigespdtcation
in preveRBAS Boulii@ bf EbrhMetdMIFMRE MEALRHE] 4 tHPEi15 8R4 Gsalination

nonomer Ccrosses the water-organic solvent interface,
pilot plagi,iasglgsitiohy B3R O0OhelqSl yani de | ayer al ready fornmed,

and then cones into contact with acid chloride on the

rgani ¢, sol vent side of the polyam de | ayer. Thus, new
BolPreT T
Y

O TMENI N R HEIOPEAni ¢ sol vent side of the

olyamde film While not wishing to be bound by

[0099] V_El%ifs?osﬂﬁea&rﬁeﬁ@ baP¥EEmp1dged fol@ihliieGhiBSerRbatili, §dMhe
~ _filmformed at the interface is prinarily determ ned
rejectioty yor fdrding aiesastarfce dif fforiasiil THE ntehdbrane et g .t H. datgahNo.

e via water-organic.nmedia interface. S €.0. . ..
5,75, % RXpsipISch oDt oat b3 SR o Eyaie RO T solnfiep o
remove Yehidud) 8freactbd WGk YhRTIABYE AR IBRGRS COHIR! Rk 'vs%hiﬁ’g to be bound by

pol yam de thin filmconposite nenbranes: Effect of

theory, it tetelingedabatciuth taatmentsfoah mmpoverthd By, ofthe foraledebmposite

Mempr ane ience, 211 (2003) 13; k, S.Y., S. G
membralyey A3 iapaTy. AL <Ay G etibe Sibe 6 R PP i HaABTote contact
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menbr anes conposed of aromatic polyam de thin filns,
cross-lirtkimg wishinehe form8d pelyemid: filet heteogly, c@®ing 20@13es 4811k rejection,
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but ofter 835 o35t BE R s RaEBDY ey F e omEEpEg o b pised to an
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functiondEGBLA #hin the polyamide film. This can increase the negative charge density,
by neutralizing positively-charged pendant amine groups, and the result is a more hydrophilic,

negatively charged RO membrane with higher flux, salt rejection, and fouling resistance.

[00100] Membrane surface properties, such as hydrophilicity, charge, and roughness,
typically correlate with RO/NF membrane fouling. Zhu, X.H. and M. Elimelech, Colloidal

31



Jour nal of Menbrane Science, 158 (1999) 143; U.S.
Pat ent No. 5,028,337; Mulder, M, Basic principles of
woreonsnesse2 t echnol ogy, Second, Kl uwer Academi ¢ PCT/US2006/007037
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49 (1998) 574; Belfer, S., Y. Purinson, R _Fainshtein,
foulingybehgage Hdaweyerdmpottantauaiass attiufescs R@amci NEan¢robrangs — to

promot%%;gg ﬂg%gta ng?%‘g uﬁg Pg%eﬁﬁ\mgggmg esi3 eﬂsrg@'gr) surface
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Fai nshtain, N Daltrophe, M Priel Tenzer, and A

becausq aiar, abeyq disionic sgargthelecirisal doubla leper intsrastionsareinagligible.

il S h he. Ep|
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York, I}§¥r HP4h Stunuy, Ws endid.& Me}‘%n,tzflmtlc chemistiyi Fsg, Wdsy-$ntenscience,
d
New Vi B JlTE st lfB BIERRNE B o i bahERLiog s, one
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unreacted acid chlorides and di am nes | e not
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(N OM)CI ﬁg’é‘%’ﬁ eat argedS b}s: &lei cro(l)r\l/p?e}gaﬁgn freacéor(l)sf octclqrenngq)etween

carboxylic acid functional groups of the NOM macromolecules and pendant carboxylic acid
functional groups on the membrane surface. Li, Q.L. and M. Elimelech, Organic fouling and
chemical cleaning of nanofiltration membranes: Measurements and mechanisms,
Environmental Science & Technology, 38 (2004) 4683; Hong, S.K. and M. Elimelech,
Chemical and physical aspects of natural organic matter (nom) fouling of nanofiltration

membranes, Journal of Membrane Science, 132 (1997) 159.



menbrane. Additionally, heat treatnent, or curing, can
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soun LU B, SRR o0 AL 5o 500 Braion
of liquliBInixtres by mg Polfner Bembeanagslle Waler aﬂi“dheb&par]anon by
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manufacturing systems.

[00102] Currently, one preferred approach to surface modification of thin film
composite membranes remains the simple dip coating-drying approach. In addition,
polyvinyl alcohol can be an attractive option for modification of composite membranes
because of its high water solubility and good film-forming properties. It is known that
polyvinyl alcohol is little affected by grease, hydrocarbons, and animal or vegetable oils; it
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charge can al so be a factor when solution ionic

strength is significantly |ess than 100 nM because at
worocabesse2 t hi s ionic strength electrical doubl BCT/agmo6/007037
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01032 i S e RO oo
na ti . naln of oA
mentr 0 A DRI R AU 0! B
weight ﬁlﬁg}ﬂ@fgﬂFﬁ,O[OO@d. Gﬁ%rh’/@;(ém)tdan be pfepareddry-dissabving/tle polymer in
o Ir ophj I'i c, snoo cQnposi t nb ..
distilled sl yeohch At & b MGG QR EBh N SoSe PG
.aver ; 8 N r N
pepr i FOTRE PRy Ay L LBl & i Bon i
CanadiRy m}gm%z@z &?f@hziccla En@mgyﬂh@yme(mwsg|6,%6pLa1(ngG)G.dahctw®ury, T.
surface of a polyam de copposjte RO -
Matsuugag @?hfi- %mrﬁ,ans%%@r%row}gp@&zfloﬁgm% %&%@%ﬁ%@lwm
. surface, nodi { ] i ' i X
win RS L YRR R bt Rt 2
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_met hods include plasma, photochenical, and redox .
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The membrane may then be heated in an oven at a predetermined temperature for a

predetermined period. Various cross-linking agents (glutaraldehyde, PVA-glutaraldehyde
mixture, paraformaldehyde, formaldehyde, glyoxal) and additives in the PV A solution
(formaldehyde, ethyl alcohol, tetrahydrofuran, manganese chloride, and cyclohexane) can be
used to prepare PVA films cast over existing membranes in combination with heat treatment

of prepared PVA films to modify film properties. Lang, K., S. Sourirajan, T. Matsuura, and
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Vai sanen, P; et al. Effects of surface nodification on

antifouling and perfornmance properties of reverse
wosmesvs7enbr anes, Desal i nation, 140 (2001) 1BGF/LUFH06/007037

Ma, HM N el sen, DR, Bownan, CN;, et al. Menbrane

surface nodification and backpul sing for wastewater
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| ayer i.n the fornatlon of thin-filmconpgsite
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ef fluent, Journal of Industrial and Engi neering

that theyeepscgiye Phases donelappiesablymix pdam)t 2ap1owA blydaim ag
homo gglgé/r?_g% gi?tg:éjﬁ the feﬁ'&z%%m&)@x%uﬁé' %c?ﬁl%sé?lfre. aTRg llpﬁams U be termed

immiscible if neither liquid is appreciably soluble in the other liquid. An example of two

immiscible liquids is hexane and water.
a. APOLAR LI1QUID

[00106] While it is contemplated that the apolar liquid can be any apolar liquid known
to those of skill in the art, typically, an apolar liquid of the invention is selected such that it is
immiscible with a particular polar liquid used in a method of the invention. Further, an apolar

liquid of the invention is typically selected such that it is miscible with particular
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menbrane as foll ows. An aqueous PVA solution with
-0.1-1 wt% PVA with nol ecul ar wei ght ranging from
wQ@ 208094802 over 70,000 can be prepared by di ssobPeT/mg200érer7037
polymer in distilled/deionized water. Lang, K, T.
Mat suura, G Chowdhury, and S. Sourirajan, Preparation
nanopanitl¢sstthaveitiqan| Bor ierathple] & arSENRGD i URNMB WG Sind the
. for reverse-osnosi s, Canadi an _Journal "of Chem cal
particpigy narapeTtisles aysZeoldos) thegpolar Hawid can be erledhd tadbriexand.
Mat suura, and S. Sourirajan, Reverse-osnpsis

f f i fi -pol ' - al | thin-fiLl
100100 F O TR B afbict RS ahbBE AR ) PibaticC iyt by e
hydroGabemcehe BfiodalBifoan23%n allene, ankalkens; or3idikyiRl Athe hidrocarbon

Mat suura, and_G Chowdhury, A study on the preparafion
can be¢yehis 0y 9¢yelir- Zhe Brbpcarbemcam; herptusighp olsdin er brantiredn dheand

hydro S0 8 PR B R YR RO AR ot AL igoigiean

compri$¥ A QedsDone St A101eaShydto@uridn, 8 Bebhch&T RERPAMATCH&ic hydrocarbon,
osite menmbrane is contacted with the PVA sol uti’on

co
napthg hgaysheapthap patiaffird of ispparpinderiagdixtwre threpft In one aspect, the apolar
ﬁquid?gg%%g&q{&lay% ht he nmenbrane can be brought into contact

fromthe PVA side) with a solution containing a
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[00111] It is understood that the nanoparticles of the invention can, in one aspect, be

provided as part of the polar mixture. For example, the nanoparticles can be dispersed within

the polar liquid.
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liquid aaslpwith the prdadpplidircah ifspu dpslanmioniet iThe fast thaadier e opionally
to C24 hydrocarbon, The hydrocarbon can be an

C5
also be zelegled 50 dhlodeEHBISCIBle With 8 Kk hami. Fyisally s distamepomer is

: K i.o '
gL Sy A B L 80 Bl o
comprie¥ a diasisiehtatice For exuniple,tthefirsagioacings cin@napist a-

Ilg_uio_l can caonprise at | east one of a |inear o
phenylenediapung. Hdha farthsy swamrle, thy s @anesier can egparise a triaminobenzene.

Ina yep ﬁg{h%f:ﬂpg&pthe polar liquid and the first monomer can be the same compound;

that is, the first monomer is not dissolved in a separate polar liquid.

[00115] In one aspect, a second monomer is selected so as to be miscible with an
apolar liquid and, with the apolar liquid, can form an apolar mixture. The second monomer
can optionally also be selected so as to be immiscible with a polar liquid. Typically, the
second monomer is a dielectrophilic or a polyelectrophilic monomer. In a further aspect, the
second monomer can comprise a trimesoyl halide. For example, the second monomer can

comprise trimesoyl chloride. As a further example, the second monomer can comprise a
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napt ha, heavy naptha, paraffin, or isoparaffin or a

m xture thereof. In one aspect, the apolar liquid
weoeopnbses hexane. [00108] It is understood theeTAURB06/007037

nanoparticles of the invention can, in one aspect, be

provided as part of the apolar m xture. For exanple,

phthal:bpphdi‘ﬁe.oﬁﬁﬁ ¢ @RerGaPech ahslisia 1ame Md the Bedoh@ nRRHRE can be the

iquid. b. POLARLIQUID[00I09] Vhile it is o
same compaemg) theeld, ths atccond enqoinzer id niajdisdolyaditbesepatateariodar liquid.
liquid known to those of skill in the art, typically,

pol ar, | i guid, of. the inventjan i.s sel ect .such that .
roousfy PP ety shecigiionts R bt SR Siis ool hsed in
the prédanBinVEitRAGaR hal dFrimBM¥ AR sbQMdaipbitilg Erouds B Aay bk @tbnthtic (e.g.,

of the inventionis typically Selected such that it is
m-phemiyoedibming pphparenedianare, hadoipantinaieagensf 1,8 {etriaminobenzene,

dgnvention. For amle, if t ar.ti cul ar apol ..
3.5-pRYGPELS e A AP T BRLPoAn o ARt REP aediping) or
aotsGEFL Sk pp Ul Geryle o0 ke o
Examplespf swiabktanhisa spectasenadfdepribary ara@@aticednginbohavingyavo or three

iy R 20,2 s o, SLEene, B 30 3L o
ammoz%rggésg Iy e‘iQfﬁgfé ﬁﬁerQiiﬁ@Pfﬁ@amfﬁ@%aﬁky%?%? beAPpIR&I to the

tuted or ‘uhsubstituted. In a her ‘aspect, the
micropatoas sufpqtiiad asolyioh ses pekar Hquid] H0 edapletwate. Tindeessitinggolar

. that the. nanoparticles of the invention can, in on
mixtuiaicell BERGRROP 05£0 Lap b 2 g Pty Tar sl fom about
_ | . i
03 SAPTY igh PRGSO iyl i
mixtucsamaipbe aptsoratyg derogpad. dhepobt anikiuad haedinos be adpleousgpstypically

. .menbrane prior to.fhe contacting step. The support
1mmﬁ‘?@l|}g?"’étﬁéh%ﬁ???@&’rﬁ5‘i se, for exanple, a polysul fone or

pol yet her sul fone webbing. c. MONOVERS [00113]
[0011§fner a gﬁgrﬂfl 61 RALHORA oFBE1Thc@bnal BRASPHEIRE mBRohSr is preferably

epare eaction of two or nore nononers. Li one
coatedfipmcin, apblee lifjirids althomgh iteer mbsoraerdian wptiemgblyitiei delivered from a vapor

oo RSBk IOTEE a8 e
aromdrt]% (ﬂl gg%ﬁ:l %@%B%%wgdgﬁ?(fr}é%& 8¥%§ .tﬁrgi}ﬂ]écﬁgpﬁiﬁc Groups per
molecniec | Ia diphdase sf anytl halideodlsotqophilie snamoeerns becdusovfithe melatinely lower
cost agcrl tgr’eataé:? gva?ﬂle)ili%cr, a%}lili c!'hllor.i&s tapeegeggrtallgl %1nore suitable than the corresponding
bromides or iodides. A suitable polyfunctional acyl halide is trimesoyl chloride (TMC). The
polyfunctional acyl halide can be dissolved in an apolar organic liquid in a range of, for
example, from about 0.01 to about 10.0 weight percent or from about 0.05 to about 3 weight
percent, and delivered as part of a continuous coating operation. Suitable apolar liquids are
those which are capable of dissolving the electrophilic monomers, for example polyfunctional
acyl halides, and which are immiscible with a polar liquid, for example water. In particular,
suitable polar and apolar liquids can include those which do not pose a threat to the ozone
layer and yet are sufficiently safe in terms of their flashpoints and flammability to undergo

routine processing without having to undertake extreme precautions. Higher boiling

hydrocarbons, i.e., those with boiling points greater than about 90 °C, such as Cg —Ca4
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sel ect suitable nononers for use in the nethods of the
i nvention hi one aspect, the first and second nononers

W@ acelesschosen so as to be capabl e of under goi PQT/@R2006/007037
interfacial polynerization reaction to forma pol yner
matrix (i.e., a three-dinensional polynmer networKk)

n br 0 nt act f h L h
nyavocsiea 54 Dl oS E5hore el BB ARRE Gy 8-
counte b tigdy HOREE GAhiNe. @ pol ymer zat| on reaction vvhen_

ought into contact to forma polynmer product that is

capabl e of subsequent crosslinking 2&/] for exanple,
[001183x pos uPrcetyohghd into lcprfaet Wikltprg anstherdpe § legtienhiligmonomer and

i nki Q
S STERHM C R MM
mixturbtdl Hirﬁil a@ﬂ(ﬂzm\é& 6y dxhfpROpAyarhideHisbringiaitidgiaara The |r65rctlon time is

m xt ure first nononmer can optionally also be
typwa]ﬂ;;e]ees:tﬂleld ososaend,dubeoritaatitisns iboEepdaniger ﬁora@a@male fromg @ng to sixty

e Bt T SRESRI 5 SR s,
water lgdtﬁﬁjp drRp Qﬂ?@lrthQ Ate. Wehﬁﬁal%fdh@éﬂcﬂ@iﬁﬁﬂiﬁﬁﬁaurg%d/or apolar
the first nononmer can conprise

mixtuephe by bmmﬂy afehleWsi by drying hécle@atairtwmerwés,feig sfirom about 40
no e.a tri benz
°Cto %Pﬁ %’ Cgég%e?g 3 poy fe(ﬁ]u YIS eﬁ éna% u¥ fononer
can be the sane conpound that is, the first nonomer
[00119]S not TRio8 819 totfifle eRpRinSRATon] ﬁlo@@élﬂlled inGhé art wild @ppratiate the
one aspect, a second nononer is selected so as to
Optln’llhﬂ comceoirhtien O\ﬁ thé rrmomptsl, given ﬂmﬁpéﬂﬁﬁ datugg Ctoﬁéefﬁﬁélpﬁ pf the

can forman apol ar...m xt ur
other pyEPTRS; PERBPIG I SE1BB coBriioreard Jes i RS pRAARL.
Wi th a polar I iquid. Typically, the second nononer is
[0012@ di el Bcd FRidBt AshEctOthe I Y @InGstiseOdistdps offBuMkiTRY a Pulysulfone
furt her aspect, the second nononer can conprise a
membtani e S0 uas sdetlommmr&ﬂ@hetlﬂén@é%@ﬁ@ g eHERS eafq the

hi d As f
BNETR T STt Ay i b
nanop¥cleb Qﬁgp@ﬁ&ecﬁﬁ Qﬁ‘&ﬁexaﬁ@ Solahié], Merétyddiedfaginty-hbBmeeeietipthe m-

nononer can be the sane conpound that is, the second
phenyltenediamine andriat trigiesel chéatiderio forsep ﬁha,t w@hqplal the zqoliggmapoparticles
er the di functlo 0 i
are dispgisPa BT P S her o e ograng pabafish s 28e 4 o
a yet tﬂﬁl‘{& a@;?éc'fmlﬁy nﬁfhoﬁ%ﬁﬁ’ RBIeY b t8E SlepDf dttdadiiy thezeolite
m phenyl enedi ar ni ne,
nanopéftlphae mw‘émasilvarrsai’e Far agpls, itaronbiseandagontacted with a silver salt

i 1 MRS g o AL P e ot o
monoﬁ%xl % ﬁe e (5:?29'1 'Eﬁl)ori%) t@' fbﬁﬁ atfigm, {tRrdby préduditloeMeel-ervhAgsed zeolite

nm ne, 2-di am noe hyI ) am ne).
nanopamcles dispersed within the ﬁlm

d. NANOPARTICLES

[00121] In one aspect, nanoparticles used in connection with the membranes of the
invention can be used in connection with the methods of the invention. Typically, the

nanoparticles are provided as part of the polar mixture or as part of the apolar mixture. In one
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Exanpl es of suitable am ne species include primry

aromati ¢ am nes having two or three am no groups, for
wezaapbss7z - phenyl ene di am ne, and secondary al PEhaE2006/007037

am nes having two am no groups, for exanple

pi perazi ne. The amne can typically be applied to the

] ] t | uti ] | | iquid,
aspect,d q(.: rrl ¥ g%}&%&ss PR e;rcteﬁﬁsg a? é‘iﬁ? %&#&qﬁ&quﬁ)o?}?@{mogr%%{nd and the
Emohrﬁ@ﬂhpally includes fromabout 0.1 to about 20 wei ght

percent, for exanple fromabout 0.5 to about 6 wei ght
percent, am ne. Once coated on the m croporous
[00122$ up p orEhrowghcesingetprinentation,ehosyskiikdap thecaraivily appreciate the
. renoved. The pol ar nixture_neeg notf?e aqueous but is
optimuf, eanearirafion phlicnaseratifich & yRY Bp SresHiq nagie gnd porpeatrption of the
¢ &Forﬁ&r | f 9?!]]
firs e ectr’fgoelpc)%?c} 1?185%‘1%{%% h@?ﬁ%)%%r}dgﬁ él)ré h%ﬁc/& eé%a egmfbfaélr%p gl;]formance.
apol ar liquid, although the nononer can optionally be
e | NuapeoMPOoSITEEVIEBRANP WasH HYrormmariecseavi ng
sufficient vapor pressure). The el ectrophilic nononer
an be aromatic in pature . a can contain two, or nore,
0012375 & e st B P SR e g0 smBErebF et o
B Gn 4888 niRay¥d 16 Whiet LRBRIphiIk i
provi le giéou i2 C(%hz}% is@’xg% 5 l‘ﬂzﬂfﬁgg% M%gi&gpaﬂlcle& and

écause of the re | ower ¢
optionadlyaat] ladsit bin¢ grossimkingciglenty priesiing @ poglymer flrh yhatiy substantially

itabl e than, the. cor.respondj ng.brom des or jodi des. A
permeiiy o 35 430 YPEET S HEPO T PIHAI TR S: Car e fhe st and
the filnt hQEb PRI nydbishiROhMoLG b&ﬁ%f}gyue?gi/ Lodtéth Wi tﬁé‘mrﬁ?and

di ssol'ved 1 m an apol ar organfc In a range of,
evapordtong aédaueipd portibn ofithalveatér fHorf thet loydadydiilic doBompogitetiayer. In a yet
or _fraomabout Q.05 to ab ht percent,

per cent ut .3 [
further Zrpcly Efm meihed fuphep spmpgtes SR ?ﬁefaﬂgg thedeyasdd @ temperature
sufﬁciegpﬁ;ﬁggesgo il rB%PhﬁingQ%rﬁ.r liquids are those which are

capa I ssolvin e el ectrophilic nononers, for
exanpl e pol yfunctional acyl halides, and which are
i mm seai bAQUROUSIVEXPURBRr |iquid, for exanple water. In
particul ar, suitable polar and apolar |iquids can

| ncl uge those i ch do. not, pose a.threat to the ozone . .
fo0124) 20 U5 i bt s Thed BehEY grosiine i squep B pising
water, 4 hRERORR1ObSIyRRE dhh&SHBAEd bl o t?oriéﬁ?,%{t Uit ML & linking agent.

processi ng W thout having to undertake extrene
The copperaty ¢anrbs. cokibiedrin oy bidey heywvers ar dmrespedt,. the paddpagiles can

ith boiling.pqints greater than aboyt 90 C, suych as. ..
be addigo 3 i A e B ie AP PISAEH S 6P dF 88 2Pkt hertppgliniing

' ' s sdalcofbiiger parts,
B T S g LT

contact with one another, the el ectrophilic nononer
[00125hnd niybieelihithé watenisdimsh watachovagvet, e oseladpactethe water can be

i nterf.ace between the I . Xt ure and. t he apol ar
salt water. Similarly, the wafer can 1nc11§)d% oacﬂerrglssoﬂze& materials. P

[00126] While it is contemplated that the hydrophilic polymer can comprise any
hydrophilic polymer known to those of skill in the art, the polymer, in one aspect, can
comprise at least one of polyvinyl alcohol, polyvinyl pyrrole, polyvinyl pyrrolidone,
hydroxypropyl cellulose, acrylic acids, poly(acrylic acids), polyethylene glycol, saponified
polyethylene-vinyl acetate copolymer, triethylene glycol, or diethylene glycol or a mixture
thereof. In one aspect, the hydrophilic polymer comprises crosslinked polyviny! alcohol.
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m xture to forma polyner, for exanple polyam de
discrimnating |layer. The reaction tine is typically
wo e@s/obgsan one second, but contact tinme is of t BOT/US2006/007037
| onger, for exanple fromone to sixty seconds, after
whi ch excess |liquid may optionally be renoved, e.g.,
yway |1 i 4f
[00127ll?i ke. %e%e%&gm&tﬁ%tﬁ}g@fé g%@ﬁhgg%ne%é{fupgglg% o the

nanopaficlesof tie kiventort aRpdsed @@mmeme@m}lm/era@ha Gt Bypedt, yhen g
at el evat ed tenperatures ,., Tromabout 40 Cto

nanopasigles canky sl Stamttaild@gﬁamuht@r\wfmg thy hyglrenbalig polymer. For example,

the ﬁh]té )%(%g ? In%ﬁg eatsclrg%}'m%?d o‘g Er F}?CP é%?}hﬂ(ﬁ%&t?&g{]can%%tsugﬁantmﬂy

encapsapidesitith ehd fdy@pt bk TIRCHIlyhat. i on of the nononers,
given the specific nature and concentration of the

ot her nmononer, nanoparticles, reaction conditions, and
[00128) s r ebf IndsBRapesYmking agsnice opiomily providedsintthe m@wd That i,

N R
further/ %ﬁn@h&l‘ﬂé/hﬁﬁ@;ﬁhlﬁmd?en caABniPRidE h Aen-Lfsslinkee hy@@iBilic polymer.

ysul fone nmenbrane a hexane sol uti on conpri sing
trlnesoyl chl oride and zeolite nanoparticles suspended
in t hd hBRENMERIIWM on, thereby
interfacially- polyner|2|ng t he nphenyl enedi ani ne and
he tr ' !
1001254 72, | 1 SRS ock Medhedlod kol R% MR idhs ToolBRE Bl e

substaritiallg pyeheable tolveaterampiaabstarttiatly firapapiabletd @apwitigsr The polymer
Zeolite A |n a yet further_ aspect, the nethod can
film cap¢pppeipe w@m kpowmio hessplekilligihe st hay ave Iy e 35pgct, suitable

F
films 1@%5@??1; can el‘ﬁ%{:)%{l s ftla(lliﬁ/%{br%?és n oggga?fégﬁﬁ?én%raﬁge%s well as

the nanoobiapbsiieinadrhiyrapey ofke inzeiitghbna Thiat ﬁt it ﬁmmmnpléied that the
m:. phenyl| epnedi am ne) and a second nonone

nanopagtigl e InVERERN %P@)betqvtlpmlm H‘)ﬂdﬁﬁ’ﬁ”l@lﬁb‘? E@ymﬁr Bl of the

inventi\tjimﬁ Hg(lf ﬁlag Bﬁé]?s%gctz ol Mﬁﬁé&éhﬁ%@% f%ﬁ)ﬁ&é'ngsn &e{’ld properties of

the nand8@apdsitcmastorands ofltesSinve@ibni Tn @ Flies tak d;ﬁaat ,\ihd tarloP&rticles of the
menbr anes of the invention can be use n connection
inventigp e peabstt fsa shegrolymer filpyedihe drventigrpiapd thepolymer film can
have th%%)@%%éﬂgsfglgls r%é&p@g &ﬁ{,l%% atﬁg igl?i{ éo ﬁousitg %e?xﬁjr%es or
nanofil@be@asPeribranktle nanopartlcles are selected so as to be
m scible with both the polar liquid and the apol ar
l'iquid. &00122] Thr ough routine experinmentation, those
skil | &d CANTASTINGSTAP | appreciate the opti mum
concentration of the nanoparticles, given the specific

[00130f" atur g, @Héjas(f)g&ﬁ:ﬁﬁﬁo'bcaurtic%g oPthelilfention can be dispersed in a stirred

polyvinyl alcohol (PVA) aqueous solution to form a PNA-nanoparticle aqueous suspension.

Ultrasonication can be used to ensure complete dispersion of the nanoparticles. A given
amount of cross-linking agent (CL) (e.g., fumaric acid, maleic anhydride, or malic acid) can
be dissolved in the aqueous suspension with stirring at 50 °C overnight, and then cooled and

degassed.

[00131] Next, a thin film nanocomposite membrane, a thin film composite membrane

or a nanofiltration membrane can be contacted with the PV A-nanoparticle-CL aqueous
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first nononmer, second nononer, reaction conditions,
and desired nenbrane performance. 6. NANOCOMPOSI TE
wo/RMsRIgIE2 W TH HYDROPHI LI C LAYER [00123] I n a POT/ukBING6/007037
aspect, the nethod of the invention conprises the
steps of providing an aqueous m xture conpri sing
suspeEibe) allowifly HaRpty dvaforatd 3t iBdm tdrap@fard, hed £8n cAe linking PVA at
optionally, at |east one crosslinking agent; providing
incregsed tampesature qvier appaeximataly, pée Ao minytps qﬂ@rrﬁ@éﬁn@}ﬂ@ film

wat er. and substantially i rmeable to JdJdmpurities:
nanoqtosief Megies ASerGeudaid Rl PR esffines
hydr ophi | i ¢ nanoconposite layer in contact with the
E. MiTHOpsOFUGNeANENEMBRANES €ast a portion of the water
fromthe hydrophilic nanoconposite |layer. In a yet

further aspect, the method further conprises the step .
[00133] heatlnsertainesnesipethemeenabrarased the igyentgiorn bp aged indiliration

C [ink th i.0kj nt. a U
meth 5088 1 eliho R aT oo b B PR3 Be s epblablsi o,
examBRYUSR WSeribrihds’can G MR¢d D pﬂlﬂigy\@liq&id by rBineviap kinpiifities dissolved,

pq;gner, nanoparticles, and optionally, at |east one
suspepfiesh oF fiskeraeyl wijbinithe lgad @s o pessed theetighdbe swmbiransd In a further

a aorder. however, in one a ct. the napnoparticles ..
exem 8 RS rati G B e et Ry G R 7 Bt
dissoBad, stBp@ided, on dxpersaERetin a EHEd 6§ 9% quitkis passeE Bbugdthe

be added after the other three conponents have been
membyepbi ned. [00125] Typically, the water is fresh water;

however, in one aspect, the wdter can be salt water.

Si,m er can include other dissolved

ngfe??gbéqNéggTﬁﬁ% Wiile it is contenplated that the

hydr ophi lic pol ynmer can conprise any hydrophilic
[00133p] ymern bhowspetip tHelingstioh cakbeé lisddfof REeBE bsmbdi€separations

I , I n one aspect, can conprise at | east one of

. 0l ymer >
mclufS@g seAvaer dgsalioaiaon, biskishivajer degalingtien, syefpgaangyground water
. rolj V. I e yl G -aci ,
Pt LS AR L Ry SR o
waterf@bdiRtiby) ene-vi nyl acetate copol ymer, Methyl ene
gl ycol, or diethylene glycol or a m xture thereof. In

one aspect, the hydrophilic polyner conprises ]
[0013¢} oss| nibedeasilyidpmemanosePpEtien Procpss is snagly gdetermined by
sabil PSR LAOL LSy 000 i fy ROLHEE e o el Rigosia

fouling &4 dltek e PREYMVIEY of d Membfane thé taRsPReinbrdnB@legradation either
nanoparticles can be substantially encapsulated within

directytey mcapliphactipe opbidiaeity thraishdncipdseé clepmias requiregnts. These
charaS 2R s Thn ga\%rao 1?40} Ptl;eecg off ?klley P or RD gme&%?aﬂ’éaﬁlggt?&} folﬁht? the overall

can be “substantr a
investment costs, and operating and maintenance expenses. By applying the membranes and

methods of the invention to commercial membrane and desalination processes, the overall
costs can be significantly reduced due to the improved selectivity and fouling resistance of the
nanocomposite membranes of the invention. Due to antibiotic properties of the nanoparticles,
in particular silver-exchanged Zeolite A nanoparticles, disposed within the nanocomposite
membranes, less frequent chemical cleanings and lower operating pressures are typically

required, thereby offering additional savings to owners and operators of these processes.
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encapsul ated wthin the polynmer matrix of the polyner.
[00128] At |east one crosslinking agent is optionally
w@easiogssd2 i n t he nethod. That is, in one aspeckPCT/URB®06/007037
hydr ophi li c pol yner can conprise a crosslinked
hydrophilic polynmer. In a further aspect, the
hydrophilic | ayer can conprise a non-craosslinked
[00135hy dr oghiong espsel, fhrenembranespNefaventioy erotbpglsedin ymsthod for

purifyig Bater CoHBSTR NG S9%) ! B aabr ap ool e gk BRinc o e

inventidH B8 b rduet dthé HREHoAE abihe ifieentioRurhdrtiahe H@bR@leha®h first face
filmcan conprise any filmknown to those of skill in

and a stérendafnte; compaging the first fve of Spapembrnnp vath afifst sabation of a first

i ncl.ude _kno thin filmc 0Si te nenprane
volume Bt £ Ernetbromensriond, & TR Pa e B o2 Meing . ssaend faoe of
the meMBIHeARAS 2 Mcohd Solufivest d &Rond hélhimehavinlg al stcond salt concentration

contenpl ated that the nanoparticles of the invention
at a se@ad poessaps wheralnl the firs solotdn i inHluidheomaimiestiorf withitlesf second

.the invention and that., .in.one.aspect, .the I I
solutiop ek PeATRLEHE BT oS! S B aeips BUBgeeF g the second
salt con@RRSQD ARl FBIzaR8metic ?f'@sﬂr@ %6054 BB membrand, dhd HBErein

aspect, the nanoparticles of the invention can be ]
the firshpseesitre fs swufifi¢ibglypo plyerdlanf the second pressire eatdrenme thedsmiedic

pol.ymer filmc have .t conponents apd properties of
presstuigy BiRFFDY fRieA e SSFOBL PR sfrsastng e ArErIATePas | on

menbranes. c. CONTACTI NG STEP [00130] In one aspect,
[00136]2N0PahiHiihESscts, B thieneiohicenbe askder fiveiRe b&assit Beparations

stirred pol yvinyl "al cohol (PVA) aqueous solution to
includihg diquixs Rr teemopater. iForr exampleoths nyugpatesicembe used to remove

. U trasoni cafion can be,used 1o ensure cqonplete
impurigps s ERA OBy TEHEEROBE e, PEPYRTT ANGOREobror butanol
TypicaflyOst3rableHiultl AI&MctddFadm GfrdBlg lighidimhidt do @6t ShibspRtigilEreact with
yp“”akhdeFSe#*or nalig aci d) cangbg di ssolved in the ¥
or solvagthouendusm@ensi on with stirring at 50 OC overni ght,
and then cool ed and degassed. [00131] Next, a thin
fil m nanoconposite nenbrane, a thin filmconposite
ﬁ%ngkﬁﬁ@NEFKEI YTt i on menbrane can be cont act ed
with the PVA-nanoparticle-CL aqueoussuspension,
[00137! | OV G reakRict, i RvaRmdA bdlusédRmdlaitekdiiqes fen@covering

then cross-1inking PVA at increased tenperature over
an impapityr-o firrestample Bvalwablaprailuait-dtom THiguide &erl cxprigler wWatar ¢1 qng or

more a?%?xgﬁs?i Osnir%ﬁ]a 175:){&%'%&)88 1 egfegt%%ﬁ g% eeprriagﬁct ]:)% 8 ¢hemical or

biological reaction, screening assay, or isolation technique, for example, a pharmaceutically

active agent, or a biologically active agent or a mixture thereof.

[00138] In one aspect, the membranes of the invention can be used in a method for
concentrating an impurity comprising the steps of providing a nanocomposite membrane of
the invention or a product of the methods of the invention, wherein the membrane has a first
face and a second face; contacting the first face of the membrane with a first mixture of a first
volume having a first impurity concentration at a first pressure; contacting the second face of
the membrane with a second mixture of a second volume having a second impurity
concentration at a second pressure; and collecting the impurity, wherein the first mixture is in

fluid communication with the second solution through the membrane, wherein the first
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E. METHODS OF USI NG THE MEMBRANES [00132] In certain
aspects, the nenbranes of the invention can be used in
wo péobrnags7on et hods that are wel | -known to thoBeT/wk2006/007037
skill in the arts of filtration techniques. For
exanple t he menbranes can be used to purify a liquid
removing inmpurities dissolved, suspended, or
lmpulaiyy BeNFAUOR isrhigher jHean) the sscand Enpurity sopcestyetion, Itepelyhoreating an

furth thermnbra
el BPE0E LB I A E o e Al
than thapéd:bhd pRSsuite SESOVr€ine HUIBRADHE Presfifre, dhSEBY BRfka glﬂienseéond
iquid as the liquid is passed through t he ne

volunlearlddapmln@mtwm@mss] In one aspect, the

i nvention can be used for reverse osnpbsis separations

F. WV& seavvat er desalination, brackish water
esal’i na surface and gr ound wat er purification,

cool i ng tomer wat er hardness renoval, drinking water

[00139pf t eniThg foltowing kkarBplpsifie piaLcth sorA d pEdvatd thb W R¢inary skill in
he feasibility of a nmenbrane separation process is

the arwm BoRpichy ﬁaﬁﬂewrbyn% degsriptionyof hvvmmee:pnfpbuudsan@nposmons
i SOUML s MY BBl Sy S e B B

be puﬁasbrﬂacreﬁm@rﬁ péthedhaasionand bt HReiRdas 1ifk e E(lfbgp% of what the
directly mi crobial action or indirectly through

mvenﬁorﬁcrneé%ré@a thﬂlrelaﬁmfﬁ@nr @éfms dpenbesn Miede eosvae actueacy stitlcespect

t.h f
o 3 S A e e B S
accountpe féxt lUiQes@”ﬁdﬁﬁéd‘btﬁBﬁﬂ%? BXPERPETs bBWe iR t¥in] 3&3%?%}3 in °C and

menbr anes and net hods of the i nvention to ‘con

is at ambiept iempetatierecanslairessate ioat gnreeess@spharive overal | cost's
can be significantly reduced due to the inproved

sel resi stance of the
n§n§§%%%83 ¥@ﬂ§%ﬁgﬂghg§H8FE§he i nvention. Due to
antibiotic properties of the nanoparticles, in

[0014@ar t i cBbdlite 8i (2O mafdsdtadleLferé@Phtht Sz W%ﬁ%ﬁrﬁ&h Eynthesis from

di sposed within the nanoconposite nmenbranes
a cleaImOBwén’ﬂﬂbm@iaé&pm@p@anm afs. Oaﬁdzwaoﬁda SPer7at7 (RMA),O: 0.16

h ff
N ST, L, S s T MLt
i0esLR. (:ﬂi‘e% 12

by Inc@ipORESS BisleRFHI3 Ejerﬂplht@@ﬁn@&‘ea%bmetﬁﬁloeﬁ@ﬁ

i nventron can be used in a nethod for purifying wa
(2002)03&&9{ Fgbtn gluﬂh@lfgtlwsomﬁm@r(dr%%l, Alrzhhwasdissgioad ier solution

ane,of the inven n or roduc he net hods
mde 5SS kgt A e BBl Ghel SR
sodiurd Bgd®oxide (Aldrich) and distilled water. Once the solution became clear, Ludox HS-
30 colloidal silica (Aldrich) was added to begin a two-day aging process. The solution was
then heated with stirring at 100°C for 1 day. The colloidal ZA-water suspension was obtained

by centrifugation, careful decanting, and ultrasonic re-dispersion in water.

[00141] In order to remove TMA without inducing nanoparticle aggregation, a polymer
network was introduced into the colloidal ZA-water suspension. An acrylamide monomer
(AM, 97%, Aldrich), crosslinker N,N’-methylenebiscarylamide (MBAM, 99%, Aldrich), and
diaminosulfate initiator (NH4),S20s, (AS, +98%, Aldrich) were added.-to the nanoparticle

suspension in water. After the monomer had dissolved, the mixture was ultrasonicated for 30
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and a second face; contacting the first face of the
menbrane with a first solution of a first vol une
whasocngssaz fi rst salt concentration at a first PCESS20€007037
and contacting the second face of the nenbrane with a
second solution of a second volune having a second
~salt concentration at a second pressure; wherein the .
minutes it¢ gRsuEgRnieln dispeisipriqf fAnanapaiicisatlihg mariomer egesous solution
e [ .
was GRG0 KD SR RN ARG, APFREI e D g7 C per

minuteS aldmplateeendveatZ A Randpaictddycas be aivieAGhéNaibabietig] property by an
pressure across the nenbrane, and wherein the first

ion exqhppgspioesss vidiAlvecsalintihjs Waygraried pribyraddingeld papoparticles to a
gently i&r e g Mta&%l IEoF R'ﬁ(g% H%Pgl%qgﬁmh%agﬂ‘g 110 A rﬁ?l?ﬁf]gpnnell et

fed e sechna’ Vol uite a ecreasing the
al., Hyd@pUiTR. antl Q8d2&drotial odlite@atidGoE bwity-Meleb&yRAt war Separation,
be used for reverse osnosis separations iIncluding
Adv. FynajiondkMaterekS A8 388t er. For exanpl e, the nenbranes

can be used to renove inpurities from al cohol s,

iaNC ' ol , isopropanol,
02? gi&?g&%%&?%ﬁgfgqqéﬂﬁ%@ %M%%Iggﬁinds are sel ected
fromanong |iquids that do not substantially react

Wi th aof. SeNyat®ast he nmenbranes. 2

CONCENTRATI NG MPURI TI ES [ 00137] In one aspect, the

i nvention can Be used in isolatjon techniggfs for

[00142) o c oy b Mg D HiD BRRACYIPETiteTRERBIABEH VG AT rioaR

i i s ter: . .
polysulfp At B A o i D B fion ction.
The Ulpeeibtines fvege plhexd in ajuaus bolotiog b2t (wédotiphanylenediamine

screeni ng assay, Qr isolation technique, for exanple,
MPD,&%(M@@%@JP# WWmaE@iy {/& mippes anddhe MBI soaksfl suppoyt membranes
' Jx4qt I
wre 1S g By HIRNSOE AAONR: o MmN pocs
solutiof. Fei thednttdiciglgodeindrizatibm geaation, Ahek arteysobnivprdonsising dfd.1%
ps of providi ng a nanoconposite nenbrane of the

(Wiv) tx_si%x%éqlv icbleride (BMfor 88t Aldsich) s pavRd @8 tef- AfeRao et al., Structure-
s e e T S R

Condititink on Filivk Fedmation | Juiendliof d1dnibighe SsiéntBE2 Na200R) 18. fHot $hie ZA-

impurity concentration at a first pressure; contacting
PA nanoRempe sl HeTbieBcsoR MAFEITAS ABPBRLGA PANDIRICIsH IVare 24dsddd the
TMC-h%g(ax‘?e 50%90@? aﬁ’cﬂh? %uﬁ@ﬁ’t' sﬂgpe%si%ﬁ Gl %_1&4}8 E:lltte%f [for ]th n ordﬁr to
concentratron at a second pressure; and collecting the
ensure igPdidishatsioMa€ tHRIZA hixeophitictds. MhsMPB-vwated soakddUH support
conmuni cation with the second solution through_ the

membrags thae conipriecdwith e AT Erhasang sofutiasn Cxiir lapingite piyeaction,
the TM é’oﬁﬁt{ion% WA bdurEn 5185 né FEBMEE ochHGRR Wt 1R rinkOEGARY s M-

crea
ohm de-ionized water. In some cases, the formed membranes may be contacted with a 0.2

wt% sodium carbonate solution for about 3 hours. The membranes were then thoroughly

washed with and stored in a sterile container of deionized water.
b. CHARACTERIZATION

[00143] X-ray diffraction and energy dispersive X-ray spectroscopy (EDX) were used

to confirm the crystalline structure, the Si/Al ratio, and the degree of silver exchanged into
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osnotic pressure across the nmenbrane, and wherein the

first pressure is sufficiently higher than the second
w@L@s®sse2 t 0 over cone the osnotic pressure, theeEDF2006/007037

i ncreasing the second vol une and decreasing the first

vol une. F. EXPERI MENTAL [00139] The follow ng exanples

are put forth so as to %Fgw de those of_ ordi nariy Skl||
ZA nanqpaxtmeSaMommlnglﬁalcv@n@p atiinsefj syathedzedpngpatieiep andn

how t he ounds 0 [
membrdhs A HERLOL o B TR e e s aneope GNP ZPEH G of e
nanopa{ilefH 8 nBABIRGIES f20tid1€ eRbE G Hbréiee MHeaiyfadd (zbfaPpotential and the
invention and are not intended to limt the scope of

(sessiladrap) ¢dndadt auget ofithe syglasized sentapnesiware mepsicd by sleraming

potentlﬁﬁq\%giggre %@T%n?acg%agcgﬁgqlgwg g%sig%/ﬂvwl}; [;u%%%g o (g{' %hng
synthes%é’cﬁﬁémﬁfbﬂeéj@ﬁé &8 FHPbAi PRrRCERYEKCESY {2MV).Unl ess
I ndi cated ot herw se, parts are parts by wel ght,

tenperature is in OC and is at anbient tenperature,
and presPEREORMANCE or near at nospheric. 1. PREPARATI ON
OFNANOPARTI CLES [00140] Zeolite A (ZA) nanoparticl es

R e v
permeﬁnﬁt@r anll GBlute/refeétidnl Me2Sdre Qralh f¥R s rﬁéh%uﬂﬁ @smgl a Hi!i’ﬂgressure

al , Honogeneous Polyner-zeolite Nanocon[l)05|
chem1dvbrdgxsgame dedgiyendritioned g@lb(&tg@t@hgﬂﬁﬁp itisred Cell). Circular membrane

samplef Wﬁ%%;gn %é %ﬁg Zeo'elret Iglﬁé\f% tlegsto Blﬁ(’%ﬂé‘x tﬁ{gtagl?%g%g/%’ﬁlon layer

facing MeWel1GBervis ﬂi&ﬁ&hvﬁﬁe ins Bupspotted bAThdmaeud dtafledSsted].
% aqueous tetranet hyl ammoni um hydr oxi ( TMA,

membraheldisc With pBuneN Qxring @rqmtd htytg reoRire éeamr@rqp@rﬁ)ﬁoan dhe effective

dlstllled he.sol ution bec l.ear,
e bt (OVHE) GisoT PN CAT A WP R AR O b netion
is that %ﬁ@QTeQ@%n@ GiltRdioRcBES: %ﬁatldﬂ"'l@ac&ctb WidHRN cRenfrAtim i elad REd reservoir
h stirring at C for 1 day. The coll oida

as watemememd Hucysbribe mmbweomdaheme@ fhwx dt;emassqsmgatlm@ @ the feed
car ef ul dec% %n and. ul trasoni ¢ re-di spersion i
reservajftalyie cpDBT Ao Ao FEI e O TR AU T DT g
Wlthoﬁia\ﬂgﬁﬂ% b B Soﬂﬂ%ﬁﬁ@&y QftncesoRAS B0 B MRYWn afecrease as feed
i ntrodticed into the colloidal ZA-water suspension. An
concentiatiyh anrahsesonarevatdr Avx dEzsascal(NE. Muliler, Cripsiplasmi dfembrane

Technlp@iPngiI PR oI PEE Biese ity bt ¢ pelhelgnfy) it Bfteved

that théWALLLEDsoNBE £oj RHEE drd LbtARIAIRNORE thhek tRse that would be achieved in

a hydrodynamically optimized spiral wound element.

[00145] Pure water flux experiments were performed using 18 M-ohm de-ionized
water. The operating pressure was set at 180 psi and the flow of water was measured
volumetrically and by mass determination on a calibrated electronic balance. Solute rejection
tests were performed using separate 2,000 mg/L solutions of NaCl, MgSOy, and poly(ethylene
glycol) (PEG). Salt concentrations in the feed and permeate water measured by a digital
conductivity meter that was calibrated daily. PEG concentrations in the feed and permeate
were determined by total organic carbon analysis. Solute rejections were determined from 1 —

Cy/(Cro — Cye), where C, is the permeate (filtered) water concentration, Cyo is the initial feed
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suspension in water. After the nononer had di ssol ved,

the m xture was ultrasonicated for 30m nutes to ensure
W@ eonploesse2 di sper si on of ZA nanoparticles. The PODOEBING6/007037

aqueous sol ution was then heated to 50 C for 2 hours

and 12 hours, respectively, at a heating rate of 2C

waterR8AcemtrBtié:E and €TPs M LA A TRISHat& e INBERRALL! Dlufiie R ertbi®e test, a
given their antibacterial property by an ion exchange

high rptead stiing wis maintadnedsming. a Teflan-watedanagnietid stonar yreduce
a%di.n A.nﬁnoparticl es to a gently stirred 0.1 M

conceg f‘tﬁﬂlﬂbcﬁalﬁa RO at roomtenperature for 12 h. A M P.
McDonnel |l et al., Hydrophilic and anti m crobi al

[00148F0! | t ALOFeliRBEta] Qfstc BMidntd 1H BRBRME S Mual\BlB¥ification of
separation, Adv. Functional Mter. 15 (2005) 336. 2.
microPREPARAPOSINOR oRANGEUINFIOR] HEmVEMBRANE cmploSYINTHESE ef al., Direct

00142] _ZA-PA thin fi 0Si 1 b .
Obsery it GhP EfulngEiPssleye MAOHE P By MeF LI GES Gy on and
RelealZ B AP5 1DHBHGR SEk 1094 (FIgh 5 RO TRE Ekital system

The UF l aced I n aqu

reaction. menbr anes were p eous
described int Kang @fal2%a$ eparptedwpthont/flenthdomhrihamefdvieide i8 99%er to

Al drich) faor approxinmately 10 m nutes. and.the MPD
deten Qi o T B SREI S BOHRI Y HEG B FELS b
synthdsP m@RckahQl IS8t o2 BREd: G%Q%fi?ﬁ g{) ]]M;(froﬁﬁl ABRLYGn to

excess solution. FOr the interfacia meri zation
Membrewest Eoviyorandned Shiensotifechvologyndd QODHgo41 -@L62%oWitlhaut wishing to

trjnmesoly chlorjde, (TMC, 98% _Aldrich) S poured, on
be boyrs B RepY: e belteveih ety bl o BHRRPB OarIL CReBIHRGI R Bibranes
provic%fg aRRO X T BulRtifodHoh B gﬁérfsﬁ NesbieaHbeshe tlgff%tfﬁ("cﬁanosfimple of

ating Conditions on Fi ormati on, Journa
flux deédirervelnte SHeerangeesuspehtion2@@R)link3natbigal. Wighad\RAshing to be bound by
nanoconposi t ranes, .a neasured anpunt. of ZA .
theory 343, BléigEFﬁ‘FVé tﬁ?@%ﬁa‘&f if a1 fresh AL ging ppeastng f fouling
. . Coat
becauﬁ@? 8515(;?%2?%&053%8 S?gsﬁaggjggg‘%?‘sa\égl?esr#ﬂ g%ﬁ o?j tﬂgﬁf%\gﬂgﬁe’ St

rejectioanapibdoncedtesion phkarikitionndi. B VsHakleshd M. Elipptech, Cake-Enhanced
rane as then cont ac%ed wth the ZA- TMC- hexane

ment
Conceniatipn Balarigation: ANew Mechagypmyof Foplpgfor Sali Rejgstiag Mgmbyanes 37

2003¥"§§8199 ed off, and the resulting nmenbranes were then
( I ns d%vaeth 18 Mobhm de-ioni zed water. I n sone cases,

the formed nenbranes nmay be contacted with a 0.2 wm %
[00143pdi umic selddetbdxpesnlents) arsyhibesiadabartd sSlviwoexchanged€AgX) Zeolite A

nanOpRLESQYGF PP CCOVATEFROP 6] O L2 VI uFe payamide composite
memb%mfe@h;%em quantify (visually) the antimicrobial efficacy of the silver
exchanged nanoparticles. Live bacteria cell, Pseudomonas putida, suspension in water with
NaCl concentration of 10 mM (58.5 mg/L) and unadjusted pH were pumped through the
direct microscopic observation filtration cell in three separate experiments. In the first
experiment, a sample of pure PA composite membrane was tested. In the second experiment,
a sample of ZA-PA nanocomposite membrane was tested. In the third experiment, a sample
of AgX-ZA-PA nanocomposite membrane was tested. The cell suspension was filtered
through the system for 30 minutes, at which time the experiment was stopped and the

membrane samples were stained using the Live/Dead BacLight bacterial viability kit. B.K. Li
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[00143] X-ray diffraction and energy di spersive X-ray
spectroscopy (EDX) were used to confirmthe

wa@egosadstit ne structure, the Si/Al ratio, and tpker/dsgoeer7o3?
of silver exchanged intoZA nanoparticles.
Mor phol ogi cal characterization of synthesized

nanoparticl es and nenbranes s carried out using
and B.Echeginn fheingrect ofilirpaplss Eéﬁf\p@@ﬁ%‘?‘l %3?%}%8% Ass a3d rpgtal

. rticl es I
oxide- i AVEBARE BB N0 HER R Y PR M QORI A0H: the
(sessile drop) contact angles of the synthesized
menbr aheReseLes neasured by stream ng potenti al
anal yzer and contact angl e gonioneter, respectively.

Surface topography of synthesjzed nenbranes was
[00148] o1 er rk IR SHUERH O SHEStAS 7S SRRRF A as Gontirmed by

TR G0 (DB A 0 0 OB oo

Powdet Mdffisotion Stanéjrde (JIGPDS) Hies. Rigwere Weshews thati xs famed®dAutypd zeolite
usi ng a _hi gh-pressure cheni cal, resjstant d-end.

nanopaticles @enipibPICISE gizes 1BERE forvaued ia %ap%g&%)m £ this example.

I eu : : o _
Accon gl B ARG ESRTRL R A AL S o Wiz
ZeolitesApaisdt3 aml thaviegreé afsingr idnesxckdrge mexs @001 Addifibueal

menbrane was supported. on the p_or,ogs st ai,nl ess, st ﬁigl}?r
characiegiggiionriatas groifledhinal gl b - Ryrgpic dightscatirns %On%amé qyerage
- f i f, RV, . . .
o S50 BRI ol L1 0L BN ENS, B8 iy of
ZA nagopartic¥san asdri Teta patedtial dfkhe nhfvgacttodel-deratminddt frexh ingasured

configuration | eads to higher concentration _in th
electropBergtis BBHIBMas A5 H3am ¥y Whet tisbgrestl nRpegysPusHd mM NaCl

. e, flux decreases with tine as the
elecmigggg{@égrélrsgggﬁpso ‘'ute concentration (and resulting
trans- nenbrane osnotic pressure) increases. Wthout
wi shi ng tDalile 1bPropkriiys éfvgathesized @rensmodpiirticlesj ect i on
'S _Known TO0 Jecr ease as 1eed concentratlon | ncreases
Crvst nd as Watef; f{c I decr ease L M Ml der, P L&ci pl es of
Y% nbr ane Teczﬁgo 2nd EQii on, 1996, Kf{twer. fr ess,
Structife i er dam KSEK@H andsy2M i s pel i ev ‘&tef‘ﬁﬁ t he
val ues of j i | i Yl L
A t han t hose 30:200 woul d be atdi eved in a  -45+2
nhydrodynam cal Ty optimzed spiral wound el enent.
00145]}. Pur. j I
001494 P 1 Ml TaNBE) o ARV DB 1 R TR 2P A

nanocdhSSRE hnWasnes Slespctitdl. Bsdo generallp ehdwwiwreEMainagesvss
nmeasur ed vol unetri cal I% and by mass determ natign Qn

n-a .
TEC/TEN-9 B 4treembrianes: RoRLZdndeateribe comsniiption @y/skef zsalitecisnsrsed m
wer r.f.or ned ' L \ L ut i e 0
the he)ﬁgﬁe{hﬁ@dlg%ﬁ{é? 5%@&%%‘. ﬁmyﬁtgﬁg% A3 PBLY. 088 ULch KRE7-4.010%,
(d) XYZ=0.040%, (e) XYZ=0.100%, and (f) XYZ=0.400%. The surface of the PA

membrane exhibited the familiar “hill and valley” structure. For the ZA-PA membrane,

however, nanoparticles appeared well dispersed in the polyamide film and the typical surface
structure of an interfacially polymerized RO membrane was not found. Furthermore, at high
magnification no voids were observed between nanoparticles and the polyamide matrix,

suggesting good zeolite-polymer contact.
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glycol) (PEG. Salt concentrations in the feed and
perneate water neasured by a digital conductivity
woredosngshat was cal i brated daily. PEG concent r BCT/ORB06/007037
the feed and perneate were determ ned by total organic
carbon analysis. Solute rejections were determ ned
from1l - Cpl(Cf - Ce), where is the pe at
(001501 1 1 Vbl ShatNedhe Bupeban et td o FpresRatan iy by and ZA-
f r.ati i H freerh wat er
PA meméj g%%ﬁﬁ?%tﬁ%ﬁ%%ﬂarc ?!%]ﬂ&? &tp?i%dageﬁgﬁai@? g&%aggtg t,etlgﬂehfiorgh rate of
membrafid iverd ToOdoneces i ertant dadVuséme giegatifef tespectively cthsgesima @irgore
stir bar to reduce concentration llg)ol ri zation. %tootld'gelrd
hydrophiie sxfoee. | Thsse WPS 3 Jeerease de diegheace 10usnest (Rause?-dtta 4P
.. guanti f4 caf, ' Al b di@ating that the
deviatiof R et ST fEnBlar ERAA o B PRSI ABAiEning
surface & th6 ZIA-PhSesahh©R michBinafothdri AGus, ZACPdsmetbranes provide
Mcrofiltration: Mechani sns of Eﬁ osi tion and.Reu$%se,
improved ouerE|eFosicINE 5P AEORBPEEECS £70 ( ST ETORS LICEE aKdle

oalX elri rrsegt al system described in Kang et al., was
punt 1“%%‘@?8{‘%5 Wi t hout f1 ux t hrough the nmenbrane in order to
determine the rate and extent of heterogeneous

adsor ptyhle DfSurdsdedriopertidsiof Syntiwsized Mymbtass. ed
Membrkrﬁém ' Eﬂre §G§engﬂf er vgiikfate Pdughness
cro ,

-

a esion \E ;o Envi r on | Science

JQ:TP!"h_ p'@(ﬁjlae ‘e e ’ :'A'-MM' . 'A -6t E‘?I Bl% t o IUC
PA  bound7h¢=Heory, it is beti3eved that visual >
ZA-PAconfi 6h2+0.8n of cell deposi%4 on onto menbr ane$5-6

provides a nore direct quantification of the
propensity of a nenbrane to foul than sinple of flux

decline while filtering a suspension of fouljn
[00151]mat er TEC. andiFRouemhrasss eroryabatel domRie e é’lﬂ"?flﬁldisf’lufes
. .. also, believed that fl ' i Endi: :
oy bREH S el LSt P AT S Lo

Corp., F8ht VWTA) O tihe Cafdeftrfti SUGH Z sasite TR Mifi Gyt Nytin AN were varied from
resistance, salt rejection, and concentration
0.0 to Opieh Gwivi.aRejsetionewa determiaed usiee 300EPPHspigns of NaCl, MgSOs,

T TR
from eabl AR AbrarSiere 288uatb® Qk4ifd v asbictait egectiqne andrihetobiaireed results

synt hesi zed and silver exchanged (A Zeolite A
were sunamaradtin Thlds 1wdihe nesyakrens d@@@tl%ﬁgﬁ@ &efersip gurdPD-TMC

surfaces of pure polyam d [ | :
R T
thin ﬁlrgfnah&%mpoeifte fBRbEInkY BladeXGRAIEY Newopaf Zédlite A nahbpaticles

acteria cell, Pseudononasputida, suspension. in water

dispersed inlthéNbGlane GAE solution prioplo theinierkacia golymagizationizgetion used to
coat theutrllfandﬁﬁllf ia?rgr gnqh\é\%{)ﬁ/sglﬁ%ep%rct)u%rsgggom.t he

[00152] The data of Table 3 indicate that the TEN membrane performance is superior
to the TFC performance with respect to both pure water permeability and solute rejection and
for all three solutes. In addition, with increasing nanoparticle loading, the permeability
increases, the pure water contact angle decreases (i.e., the membranes become more
hydrophilic), and certain key surface roughness parameters decrease (i.e., the membranes

become smoother).
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di rect m croscopic observation filtration cell in
three separate experinents. In the first experinent, a
W@ 200pl02880f pure PA conposite nenbrane was testRdI/US2006/007037
the second experinent, a sanple of ZA-PA nanoconposite
menbrane was tested. In the third experinent, a sanple

of AgX-ZA- PA nanoconposite nmenbrane was tested. The
cell suspension was filtered through the systemfor 30
m nutes, at which tinme the experinment was stopped and
t he nenbrane sanpl es were stained using the Live/Dead
BacLi ght bacterial viability kit. B.K Liand B. E
Logan, The inpact of ultraviolet |ight on bacteria
adhesion to gl ass and netal oxide-coated surface,
Col | oi ds and Surfaces B-Biointerfaces 4 1 (2005)
153-161. d. RESULTS [00148] The crystal structure of
synt hesi zed ZA nanoparticles was confirnmed by matching
the X-ray diffraction (XRD) patterns (not shown) wth
the Joint Commttee on Powder Diffraction Standards
(JCPDS) files. Figure 1 shows that as fornmed LTA-type
zeol ite nanoparticles exhibit particles sizes ranging
from about 50 to about 200nmin this exanple.
According to energy dispersive X-ray spectroscopic
analysis, the Si/A ratio of as synthesized Zeolite A
was 1.5 and the degree of silver ion exchange was 90%
Addi ti onal char actygki ' j hded in Table
1. Dynamic |ight sr\gtg ?ﬁéﬁhﬁgHgéﬁtnl??PrﬁrleﬁLw% aver age

hydr odynam c radius in de-ionized water to be 140 nm
t hus, indicating good dispersability of ZA
nanoparticles in water. Zeta potential of the
nanoparticl es determ ned from neasured el ectrophoretic
mobility was -452 nV, when di spersed in an aqueous 10
nM NaCl el ectrolyte at unadjusted pH of 6. Table 1.
Properties of synthesized ZA nanoparticles Crystal
Particle DLS Zeta Structure size by SEM datum
potential [nn] [nm [nV] A 50-200 140 -452 [00149]
Figure 2 (a) and (b) show representative SEM i nages of
PA and ZA- PA nanoconposite menbranes, respectively.

Al so generally shown are TEM i mages of TFC/ TFEN- 0. 04%
menbranes. XYZ indicates the concentration (wv) of
zeolite dispersed in
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the hexane-TMC initiator solution: (a) XYZ=0.000% (b)
XYZ=0.004% (c) XYZ=0.010% (d) XYZ=0.040% (e)

WYt 09880D% and (f) XYZ=0.400% The surface oPCT/N&2006X007037
menbrane exhibited the famliar "hill and valley"
structure. F
nanoparticle
filmand the
interfaciall
Furt her nore,
observed bet
matri x, sugg
contact.[001
that are repr
wat er cont act
the ZA-PA ne
negative, re
surface. Ther
(Rrs, z-data

app@a?r & wekl o spersed iA |t he pol yam de
V4}i c3! shhrf;&;cej;ét rfct gf e Bf an
?I 7 edSROMTERBr age &Y not found.
ghi‘@H fagnifi &ati¥n No Vdilds were
eg] nanpparticles and the pdg yam de
%ng_&gq zgol id e-ool yrery,
Taglle 2 sdiowsit he threeckley properties
ntStf vé off PA ad ZAPA Mgnbranes. Pure
anglé aRg surface %zeso‘a) ential for
rane were 19 d&yrees I"owef fand 4 nV nore
ectivgy, suggesting a norg hydrophilic
HgS g decreaset i Mt her surflace roughness
targlarid YevBat Lon)f of) t 158 |ZA- PA
re@rt g the pur e- PA-neabr ahd, indicating
& Df | he Z& Poi maibrine £ nuch

, ZA- menbr anes provi de ijmproved

that the sugf
snoot her .

energy effigifncy, RAr a%i on, pqlf orjreanced, and foul ing
resi stance wat 68 fout i fLcald onsprecessgs. Table 2.
Surface Progerti e% 1Byntihedd zetd Mehbrianes. Menbr ane
Pure Water Suffacex(fét a)lpofentRal {Surdce roughness
Contact ang8d [] @pHP[n¥] RinM PR 77 ¢0.4 -13.1
73.0 ZA-PA®2 20.8 -17.4 65.6 [00151] TF¢ and TFN

menbr anes rle eval yated for pure water ffl ux and

solute rejegth @grin hi gh- pressure chemjcal resistant

stirred cel [(EPEr5q Sirfed Lel®, Sediftech Corp.,
Kent, WA). & ”gcantﬂatirlonwf Heoki t e
nanoparti cl I%_FI\ Wer edvaf] ed3from 01 to 0. 4%
(W V). Rejegtf &ag det emni med @isi ag £.doo ppm
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thin filmnanoconposite nenbranes nmade with 0. XYZ
%W v) of Zeolite A nanoparticles dispersed in the
wheooanessTMC sol ution prior to the interfacial PCT/US2006/007037
pol ymeri zation reaction used to coat the thin film
| ayer on the polysul fone porous support. [00152] The
data of Table 3 indicate that the TFN nenbrane
performance is superior to the TFC performance wit
[001 53] es peclrattonabsifage cevenages of paoterieadsills it Jifigramt §@ss;ﬂew velocities

015,24 S PR A e, B BRIt e

ZA- PA% H&{o%éﬁl?%ltetrﬁ@m@ﬂéﬁg PA1lyGe @E@@Iﬂo&ﬂ@bﬁn@fwﬁﬁaﬁﬂ&atmg that the
nbranes becofre nore hydrophlllc) and

nanocmapctsate ménﬁyaxms fi$ easier tocghmtes pprerpoiynafe meadbraese Without

wishinggspRE BPUKACSTRBIE. B PUEY O Fih (08 LRGPP UpATY fBopjon aud

adhes1§% RS ﬁ%’t&ﬁ%@ﬂl@ﬁea %ﬁb%o o la9a didethRessseamin th Mata of

['ute eJ ection Contact ness Designation (%
Tables ad 3.m Pa-s)xI 0 12 [94 MySOHA * Angl e O Nad * PE&X00*

Ra[nanAD[%TFCOOOlZl 01904 1.591.7 1.6
93. 1475 1.43.3 TEN-004 0.004

2 1 olablef. HnEBcﬁ 0fd‘§0$§-ﬂolw &elaﬁlt)h on %en_gﬁom rate. o' o2 o

9.6 72.4 7.6 TFEFN-O Mogim)wvdomm[mnmm + 1.1 92 3
Membrane L 95 3 15 1. O 52 7257. 4 58. 7402 6 68.3 + 8. 900

oL. O @ U. 0 Yo
PA 421 1. 442530; 2.7 2{%”’3 6 i jf) .100 3. ff 1
ZA-PA) g g ob-B% g of68% g g 3 ’)QRQQ r;;.rL_g

7.7 TFEN-400 0.400 3.7 0.3 91.2 0.5 93.2 0.4 96.4
[00154). 3 33Figured? shoges, rspra&n@twg THEM amages, 0(5 @mthw@dﬂ@&polyamlde [(2)

e TR —
suppoH' \ﬁzfn%li @Bhitafnk %ﬁiéél@%a |s€1’1‘1€1!11t dt&ﬁs ,(abpeard? BarkéOtha the2o0yaritle

are listed in Tab . The net deposition rate
polym\aamatrwveld c&m thusﬁve ezalmsmwgdrﬁom it. eT plisregieristic porous texture
ross-fl.o vvasmrea i ndi cat.in
of polylione piso High o raan e bt e YV ERE ot itk A

polysq:)fbﬁg ll'lrlﬁe a}ié’s"‘&!&% r%ﬁ%lf‘ftﬁ%h Whichesh b%%@ﬂeﬁ*ﬂ fegtuRef

eory, it is believed that the difference in
interfaceillly pdlgmmzed polyamitleawhgosidhmeabrapes,and thusihe thickaessd

i ncreased hydrophili nd snpot hness seen in th
polyaide 43¢ WaBT & rhnig of Tgb %ol i PARE REER SR Bp skt igm sEM
imageY RrO&N theRibrdRP ORblilcHAnb i feles, which appear considerably darker than the
polyamide layer, were located in the polyamide polymer matrix layer. Without wishing to be
bound by theory, it is believed that higher flux of pure water for TFN membranes is due to the

introduction of zeolite nanoparticles into the polyamide polymer matrix layer.
3. PREPARATION OF NANOCOMPOSITE MEMBRANE WITH HYDROPHILIC LAYER
a. TN FiLM NANOCOMPOSITE (TFN) MEMBRANE FORMATION

[00155] TFN membranes can be formed on microporous polysulfone support
membranes through an interfacial polymerization reaction. The microporous support is
immersed in an aqueous solution of 2 wt% MPD for approximately two minutes. Next, the

MPD soaked support membranes can be placed on a rubber sheet and rolled with a rubber
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Cross-flow velocity [mm s"1] Menbrane 15 25 40 200 PA
23.1% 22. 7% 21. 5% 14. 6% ZA- PA 16. 0% 16. 6% 17. 1% 6. 3%
wQ B@EH9487F1 gure 3 shows representati ve TEM i maBewUS1006/007037
synt hesi zed pure polyamde [(a) and (b)] and
zeol i t e- pol yam de nanoconposite [(c) and (d)]
menbr anes. The pol ysul fone support, which contains
roller "t@reﬁlﬁd%%x)éeéﬁm sSMbibar TR ort3PREGaRe 68! ek b& Baadilewith a
pol yam de polymer matrix and can thus be easily
hexangisglutiog @psm%mgforf@rih Wt% TME ané 8r0Qd tte d i0swi% apeymhrsized Zeolite A

texture, of sulfo e al o ai ds
(2A) BB o TR R pBT e Drtpraed s E dokbie bt
somcé’fﬁﬂf%f‘@@ $0 Whetek Eﬁ&t th I YabtRg ha\ftém' i@ I*esctﬁ,fl the TMC-ZA
general feature of interfacially polynmerized pol yam de
solutiow iqymsir¢deofiemtd tarwesylting thetrtbuanet hies¢dwitk ae sguaois solution of 0.2

wt% %&l oz gl;&ég y%dﬁ%a@g&{togﬁeofﬂ%%%w %éiggof ook v IsnpotstrlItrgatmen’cs

descn@@&'ﬁér%ﬂle €an 3@%%’11%@ td}R’Eﬁﬁ@% b pgﬁuﬂ‘ﬁ%ﬁa@ B& membranes

consi defabl y rker t am

| ocated in the polyani de polyner nmatrix Iayer Wthout
w shi nd. t SURBRAGIOVMOBII¢ATIONE TFNIMERSBRANER VEd t hat

hi gher fI ux of pure water for TFEN menbranes is due to

o S SRS A
soluti FONE Mukstd HERAREIPN A AN GRofs subpdsions at

FI LM NA| OSIT ( TFN) MENMBRANE FORNVATI [ 00155
varioURPK¢iglefirhiieamesgivg firobe9%: b tare e 50 QPWAQ); dﬂbltﬂlsorpcﬂtIpQUmMBel’ther

th t
requi 8 ek or R BV BB O e PP Ja el gpIHE flgross:
linkink TO®S 886t { té? Bkl AeIdS nﬁf&é‘&rﬂﬁlﬂn@é o% rrth%’ah’ﬁg)n{a?rbe dissolved in

appr oxi ma Y two m nutes. Next, the MPD soak
the aque@pouspeameioh vathedingagathd %6l owadghtnami thabbeosled hmbde@smtd A

r d with a rubberroller.tqr cess MPD
TRC G Mstiorae an bR it e P o B Rt et spepeian.

t t 0
auowmg vl}hlt&ttg %a{a%&%ég/i fgghf;t)@/m?ﬁrggni edélﬁ%heégf clrstlhfﬂé rz{gAgfw ARB°-120°C
for 5- h(hmmpacs, I HegrssulthigeP AdHopaiA o1cP AL ARV AEAdhspRins eahocomposite

the TMC sol uti on ul t r.asoni %at ton f.or 20-60 m nutes
memb&qe&os§§§sqsﬁgp?rgg o eChPR-and fouling Fesistance: eact i on, t he
TMC- ZA solution is poured off, and the resulting
NMROP AP AT OS BF WA TR ﬁ&M&Q&éoﬁPbM&bMEMERQNE wt %
sodi um carbonate. Mdifications to the formation

conditions, as well as post-treatnents
[00157] Basic procedures for purification of water using polymeric membranes are

well-known to those of skill in the art. A simple procedure for the purification of water using
a membrane and for determining pure water flux, salt rejection, concentration polarization,
and fouling phenomena has been described in E.M.V. Hoek et al., “Influence of crossflow
membrane filter geometry and shear rate on colloidal fouling in reverse osmosis and
nanofiltration separations,” Environmental Engineering Science 19 (2002) 357-372 and is
summarized below. Simple characterization of a membrane’s ability to purify a particular

water sample is described in step (d), below.
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descri bed herein, can be applied to formation of thin
fil mnanoconposite nmenbranes. b. SURFACE MODI FI CATI ON
WOR006/6D$SRVENVBRANES [ 00156] Zeol ite A nanoparti CPEBFURB6/007037
be dispersed in 0.1-1 .0 wt % PVA aqueous sol utions
under vigorous stirring for ~5 hours to make the
PVA- ZA aqueous suspensions at various weight ratios
ranging from99:1 to 50:50 (PVA:ZA). U trasoni cation
maybe & uFARERATERYISCAHE CROSIFEOLY MEMBRANBFENTERy ensur e
conplete di spersion. A given anount of crosslinking
[0015 tc)l (rﬁerﬁbrgné gﬁﬁ'ﬁbﬁ uﬁféé ﬁilchfdrﬁ a%&dﬁ@cb&dﬁﬂn‘?@dlﬁ&{ version
I|c acli I'ssolved In € agueous suspensi on

of a comintidicislly Waﬂagle&tmﬁl@ssﬁﬁ‘eeb viesstloyhimentbighet flleati @o@MH) mﬁd(S epa
degassed. A TFC or _TEN nenbrane may be contacted w

CF, qusvmcleeeetaala@é\@& éatféipféh SPBAINGPIeS RGO 1087 {daa (1000

o). ABGRBRP LG st FIREH A so Py B B By T e
(Cole-PAmBMANdAIR shENId ARt ihhredl tinhd 1Y Qa@ﬂﬁpﬂ&ﬁ snelt& (Optiflow

menbrane possesses superior flux, rejection,

1000, Heowphing Rasshe Cardowa, GA) m&:mmswmermum@ qﬁ@ater
penneN%H%%nggﬁ%TE MEMBRANE [ 00157] Basic procedures for

of water using polyneric nenbranes are
wel | -known to those of skill in the art. A sinple

pr ocedy)r 8t AAURINE MEMBRIANS 3iviDRAURfC RESISTANGE Ng a
nenbrane and for determ ning pure water flux, salt

ection, concentration polarjzation, and fouling
[001 59;}, h en o n‘b A Temens na%bra@@%lp% scfypigally waeq for ek fifratign experiment

to dete 1r111 raﬁé S ?1{ }}2‘%@ ﬁﬁ?«ﬂ?&@t@ﬁcé Il’l}s? r e RIRL n(Db‘b \%‘tgr

S ear e on CO I'n reverse osnbsli s an

circulafbam@ﬁlbddt 8o gﬁﬂlSB@HPe@tﬂ)ﬂQﬂo 24Emvalrs“ oritssatiatengi fﬁﬁ&febﬁl@ due to
Sci ence 19 2002;l 357-372 and i s summari zed bel ow.

membrsnw@pz@ﬁan theramiaemip faugenishpricahef 1gb-senle racireylation

systemBl Ty oft BARbh fitk B Lot BhShap AT Al B SERE e A flert) Mier DI

equilib&ﬁ%;a?;&le g&&bﬁua Rhe bERdzad B ihtretdents STFOWR] (385 kiPe), fiden &high of
nodai e

_ | unnodi fied version of a comercially
250 psibpa lowistfe Oqshsnsd fé@sres@rééql alcy fs’@@ floviyaeefify nlters per minute

(o) A B R A <Pl BB TRERAb gl e epre sabte
perforfB@Re. KR8 clob&RRv P&l then BQBlckéade@troelSWLﬁm(M)ﬂtﬁh%ﬂrdem 50 psi

mai nt ai ned constant and nonitored by a pressure gage
incremgigs fonP3) pmrtr) 2 5gsif Em@lls'hﬁml Howeaateman tbe S@do BrY 9rIem1 and the flux

record‘?éaagg Pi tf% i}%\x}gsaijrﬁ)lg Q’ psi t?) g@tﬂs’b rqdﬁaﬁl?\ﬁ gnc!i pre’s sure,

the aveY&leWTRI1QF At £le flux measurements can then be plotted against applied

pressure. The slope of a line fitted to pure water flux versus pressure data by a least squares

linear regression provides the membrane hydraulic resistance, R,,. There is typically no
measured influence of feed flow rate on pure water flux, but the procedure provides extra data
points for the regression analysis. The pH, turbidity, and conductivity of feed is typically

monitored throughout the pure water flux experiments to ensure constant feed conditions.
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perneated per unit tinme. b. MEASURI NG MEMBRANE

HYDRAULI C RESI STANCE [ 00159] A different nenbrane
waoewponss7s typically used for each filtration PCT/US2006/007037

experinment to determ ne a nenbrane's intrinsic

hydraulic resistance. First, deionized (D) water is

circul ated at about 250 psi (1724 kPa) for up to 24

hours to dissociate any flux decline due to nenbrane

conpact% oMEASHBING ERMOPILTHNICAIBAE OSMOIHE RRESSURE DROP

| ab-scal e recircul ati on systens). Flux can be

nitor ontinuously for, the durati.on of. the .
mm@peri rfﬁe[r?he,ﬁﬂs TP PRELT TP }llyéﬁug]r?,reil angg 18 detgpaingdy,
conced€rat 81201 6618 ORNDS qtintiB0d BShg ﬁ?e%l&ﬁ%kmﬁﬁ&{*ﬂeéahmques.

hi gh of 250 psi_to a | ow of 50 psi and flux recorde
The cgpceatrpéatipqlimsetion meodgtusds 08 rhtie of rsjqstad seluteic@encehtpation at the

e RS PASHRADS bk ohd BEERA a0 Sl i o 1
stock D203 S61uAYA féél'gpibilgﬂadﬂ%d e gastgnt & proPle HRAARY E)%Jéi‘imental

~_ recorded at 50 p increments from'50 psi to 250 psi
ionic gtrgngth. yThef seqeenick ofvaraing apphiedpressate aml Bed Sowpateantypicaky

fl.ux recqrded at J{0 i .increnents from 250 psi down
repeate, %Sd{%%‘f .egﬁg%eac eﬁ%gqu SRRiPrpsHESiPR actpsidthe mempyene (A7)
for eabth céthbin®fiod S¥eresd #4b SHEE -
o eapI gt t el(lJI1 a%ai ngt appIalt}{eéélld)|c()dip gggtﬁt%. fg%g;flg%lgi%fé?g?feldnﬁeomj
A(Ap i) edheted/ jptineewatat Aox,fAzs theeapplisd pressigsfddata/my Since the feed

| east sguares |inear r%%r essi on provides the nenbrane
and peppgpia el conRcerirationscan brelirectlymreasarads theypenalirng cansentration is

. _ ue fe flow.rate on re water
o R I 12B3 % i LR L1 DR A R B mprns
surfack@d e pemneute &itbfoy & SecocThi@eriithaticehRirflihdlar &Mtoncentration to

conducti vi t% of feed is typically nonitored throughout
osmotiprepsre~ARY der NpGkatalipte domeenteatipns; &rs 8324 donaltiarif = absolute

e ndi.ti ons.c. SURI LUS AND I NI TI AL, . ..
tempe R g R e B RO AP B A BHGR L dei 5 dirctly
calculd@tier hydraulic resistance is determ ned,

concentration polarization effects can be quantified
using the velocity variation techni ques. The

concenfly MEAWRINGCRECLANE BN FLUXJUIEEO FQUMING rati o of
rejected solute concentration at the nenbrane surface

i vi de oncentration. An
[001 6g]p pro pglﬂg %1%3 gllt u n%éf 8?8%#6&%%& %ﬁéséf’&l@& Fsﬁ_{"]feo%’?dicgc’“ﬂow are
typicalyyqdijiesedd ty pasithie tHeadcbied @ TurAKd WallRheat foethk Muling experiment.
desired experinental ionic strength. The sequence of

After sfahly PRIgOTHIIBFS Erpter iscandesalinejegtinnd atd ashieved riagninimum of about
. ' [ above., The effecti

o0 mi L 680 FRRRRA g SR GE AR BXSPISREH 8mt et

conceritfutionC MiTealNGdted . of, “ARed] eherkbm cabFoRRakthes IRNRERY S8nples)

S ttypi cally determned fromJ =
are to be tesfed, then the feed tank and system are typically completely emptied, rinsed, and

drained prior to filling the feed tank with a volume of the test water. A “real water” is a
sample of water from a water utility or water source that is being considered for purification
via a membrane filtration process. The concentration of foulant materials should be
monitored in the feed, retentate, and permeate throughout the duration of the experiment by
an appropriate analytical technique such as, for example, turbidity, color, TOC, or particle
counts depending on the nature foulant material. In addition, conductivity and pH

measurements are typically made at the start, end, and at several points during the fouling
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A(Ap - Ap) where J is the water flux, Ap is the

applied pressure, and A =\IRm Since the feed and
wp@eroaeease2 sal t concentrati ons can be directly PEERES2006007037

t he menbrane concentration is obtained from Ap=f os(cm

- cp), where cmand cp are the salt concentrations at

the nmenbrane surface and in the perneate and fos is a

e S5 b PSR EST R REA L RAPERN AR bt
bAfe 18, -THR 3R maleRlitetie typicall ded
ot RGNyl Al T ot iy o

in realph@whit@aonaining wonsartdxcp) is directly cal cul at ed.

d. MEASURI NG DECLI NE I N FLUX DUE TO FOULI NG [ 00161]
After the _salt water experinments are fini.shed, .. .
[00162); ess Ukt & ﬂé??@ appped o Emsgﬁﬁahig% ti\g P{F%%j"a%%s&“ pdifications and

variati?ﬁso%%% hilk i eRd eér@gsn'c Rvbh@dn $ltHout@egaral Frof@akcdpelor spirit of
e Toul'ing experinent. After stable performance _
the inviendiber OfHer Embdodinsatstofitis imventiom)widl'te apphicat/iodhesgrskiled in the art
m ni mum of about . 60 .m nutes, .a qp e. of noqgl Q%ﬁ.addedﬁis
from cppsideratienalthe spReIiiUAR AU¢ HECHGRL &ﬁ‘io frygption Fsqlosed disremn
intendlE ?ﬂt ﬁa?rlggﬁfi&ﬁfoh%ﬂd eﬂ{m]?l@@lbe WesRlefed & &demplafPéily aith a true
water fromenvironnmental or industrial sanples) are to
scope & §at efthe tdventidhiecifemdidatedibyathe fallostiegelames. t ypi cal | y
conpletely enptied, rinsed, and drained prior to
filling the feed tank with a volune of the test water.
A "real water"” is a sanple of water froma water
utility or water source that is being considered for
purification via a menbrane filtration process. The
concentration of foulant materials should be nonitored
in the feed, retentate, and perneate throughout the
duration of the experinent by an appropriate
anal ytical technique such as, for exanple, turbidity,
color, TOC, or particle counts depending on the nature
foulant material, in addition, conductivity and pH
nmeasurenents are typically nade at the start, end, and
at several points during the foulingexperinment to
nonitor salt rejection and to ensure the feed sol ution
ionic strength and pH are not changi ng throughout the
test. The transient flux at constant pressure is
typically recorded in real-time while maintaining
constant flux. [00162] It wll be apparent to those
skilled in the art that various nodifications and
variations can be made in the present invention
wi t hout departing fromthe scope or spirit of the
i nvention. O her enbodinments of the invention will be
apparent to those skilled in the art from
consideration of the specification and practice of the
i nvention disclosed herein. It is
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i ntended that the specification and exanpl es be
consi dered as exenplary only, with a true scope and
wapioeiopssef t he i nvention bei ng indicated by theCT/US2006/007037
follow ng clainms. CLAIMS What is clainmed is: 1. A
nanoconposi te nmenbrane conprising a filmconprising:
a. a polynmer matrix and b. nanoparticl es disposed
wi thin the polymer matrix,co inthe filmis
substantially perneable to water and substantially
i nperneable to inpurities. 2. The nenbrane of claim1,
Whatiseladined isae i npurities conprise nonoval ent ions. 3.
The menbrane of claiml, wherein the inpurities
qgrlse iva i ons e nenbrane of claiml,
WABTEr P s %mleﬂlﬁﬁﬂqetciog’é’néléﬁﬁ HECOMPTISEEt one of a
sodiumion, a potassiumion, a magnesiumion, a

cal cd polyinemaRixSdnd cate, an organic acid, or a
noni oni zed di ssol ved solid with a nol ecul ar wei ght of

h f.
g."e R ARl S R ar e S Manopar 1 cl es
d I rticl
cl af%ﬁ{he&ﬂtl&léglhbns?qugﬁ% 5 e@]eil%ma Sngg%gq%glégy ynpermeable to

péah ldsone or pol yet hersul fone support. 7. The
menbrane of claiml1l, wherein the filmhas a face and

2. TH@]ﬁ&ﬁbﬁn& BEc1aRND r\@ﬂéarﬁlfn%é H@urgl%g}}{zl PHSe n@ogg\gﬁe hléx:s |ac m

| ayer proximate to t rane
7, wherein the hydrophilic layer is in contact wth
3. Thetreerhibrene oficlaifthe, wiserbindheingfuriicacomprisediesleitiotde

hydr ophi lic Iayer conpri ses at Ieast one of pol yvinyl
pyr.rol i done,

4, aI CO%B? §€§}¥ rgé;}?g lgrgruglé]le%w n segart)}iaéq: one of a sodium ion, a
poﬁa@ﬁﬁﬂﬂ ibh eijmﬁﬁie\éﬁﬁrmdnei‘ @al&h{/}?/ﬂona&ﬁfl@ﬁtg a%%girﬂgg&%l or a nonionized

Met hyl ene gl ycol, or diethylene glycol or“a mXx
dissplyee sslidi®ith ﬁhmlﬁ@ﬂh‘rmght@ﬂ' godatdr thah, abohe? @ Daltdde or a mixture

thh¥02t1 ophilic layer conprises crosslinked polyvinyl
ohol . 11. The nenbrane of claim7, wherein the

hydrophilic layer further conprises nanoparticles
5. Thensesiat ¥f dIithi, WARriAYIR nanoparticles are hydrophilic nanoparticles.

6. The membrane of claim 1, wherein the membrane further comprises a polysulfone or

polyethersulfone support.

7. The membrane of claim 1, wherein the film has a face and wherein the membrane further

comprises a hydrophilic layer proximate to the face.
8. The membrane of claim 7, wherein the hydrophilic layer is in contact with the face.

9. The membrane of claim 7, wherein the hydrophilic layer comprises at least one of polyvinyl
alcohol, polyvinyl pyrrole, polyvinyl pyrrolidone, hydroxypropyl cellulose, polyethylene
glycol, saponified polyethylene-vinyl acetate copolymer, triethylene glycol, or diethylene

glycol or a mixture thereof.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

12. The nmenbrane of claim 1, wherein the nanoparticles

are substantially encapsulated within the film 13.
wab@ofesshz ane of claim 1, wherein the nanopartPCl/@S2006/€07037

substantially encapsul ated within the polymer matrix.

14. The nenbrane of claim1l, wherein the film

conprises a cross-linked polyner and wherein the
TiemenBshk of esird e LB i | ated wi thin :

t he pol yner né??iyﬁagguﬁgﬁgﬂh@%g§aﬁe %#n%@ﬁfﬁFfﬁnmﬁdpdywnﬂ
algielein the filmhas a face and wherein at |east a

portion of the nanoparticles penetrate the face. 16.

T ape of ,.claim 1 wherein the panoparticles
T}%:egﬁn%gig’gg‘g 8?@?18? Zn‘?ﬁe&Flnfth%chawh%QG layer forther eramyismeansparticles
dﬁﬁdﬁd&ﬂhmwﬁ@kgap the filmconprises at |east one of

apol yam de, a pol yether, a polyether-urea, a

pol yester, or a polyimde or a copolyner thereof or a
Theimemubrane eeleio? 1, viigreilitles mewoparsioles afe subgthifially sAb&IsRiaRed within
théﬁﬁnflln1conprlses apol yam de. 19. The menbrane of

clai'm 18, wherein the polyam de conprises residues of

a phthal oyl halide, a trinesyl halide, or a mxture
The medrsiatne @&QlaidhE wikpd i@l Ln the iy

pol yani de conpri ses rgg?ﬁg@ép%?eﬁggﬁgﬁg%%ﬁ%@kgpammﬂawdvmﬂun
the pqlgmerisEinzene, or pi perazine or a mxture thereof.

21. The nmenbrane of claim 18. wherein the film

i ses .ar tic polyam de. . 22. The nenbprane of
THE AR Al Tk PR A B R ARS it wheri
thetmanopsstigles ielsibigamiatly A& SUERd %}%ﬁkﬁ@ﬁﬁ%‘%ﬂ&ﬁ?e- 23.
e fil'm

The menbrane of claim1, wherein as an

Thave&; e thifkness of from about 50 run to about 500
fcpRaneph glagaly Mgt the dilai Iras 2, fasetpedeviereih et feadtrn godon of the

nalﬁwﬁaﬁ’%f’eﬁ Sl s of from about 200 nmto about 300
n 25. %%ﬁee{a#é%?%%é of claim1l, wherein the film has

an average thickness of fromabout 50 nmto about 200
Thewmemp@ane Bif elaire th waeirothe @b pattioles Mo RisB pl;éfé‘re%ﬁdl HoRASaths

an average thickness approximately equal "to the '
Thaver%llgde h}( od%nam c. di aneter of the nanoparticles.

€ membrane of claim ‘1, wherein the film comprises at least one of a polyamide, a
polyether, a polyether-urea, a polyester, or a polyimide or a copolymer thereof or a mixture

thereof.
The membrane of claim 1, wherein the film comprises a polyamide.

The membrane of claim 18, wherein the polyamide comprises residues of a phthaloyl halide,

a trimesyl halide, or a mixture thereof.

The membrane of claim 18, wherein the polyamide comprises residues of diaminobenzene,

triaminobenzene, or piperazine or a mixture thereof.
The membrane of claim 18, wherein the film comprises an aromatic polyamide.

The membrane of claim 1, wherein the film comprises residues of a trimesoyl halide and

residues of a diaminobenzene.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

27. The nenbrane of claim1, wherein the nanoparticles

have an average hydrodynam c di aneter of from about 10
woroobosmbout 1000 nm 28. The nenbrane of cl ai P€LPS2006/007037
wherei n the nanoparticles have an average hydrodynam c

di ameter of from about 50 nmto about 500 nm 29. The
menbrane of claim1l, wherein the nanoparticles have an
Tleveeapeanb yd ey naw] j [ oyt 50 nm t

about 200 nm 30%%5%@ ?lgr?é‘gg E?:‘%%%?T%“%ﬁé’f@ioﬂl%ﬁ’é‘t50nmto
abeyheffmmi cl es have an average hydrodynani ¢ di ameter of

from about 200 nmto about 300 nm 31. The nenbrane of

| rein the nanoparticles conprise a materi al

Tl?ﬁ I@%’:‘%ﬂ%‘e}e %flﬁ”‘% Tp‘éﬁﬂ%? Py tﬂa Eﬁa anen ayeragschigkngss ghfram 2nt 200 nm
to BbeutB®0lmane of claim 31, wherein the apolar |iquid

conprises at |east one of a |inear hydrocarbon, a

branched hydrocarbon, a cyclic hydrocarbon, naptha,
Thﬁ’é’&@?bﬁarﬁﬁt) ainp brvalidrein, thofilm hapar afetdgs thickigesfbRErbh&bout 50 nm to
abBlli\‘.leIO% 33. The nenbrane of claim31, wherein the

polar Ti'quid conprises water and the apolar |iquid

conpri ses hexane. 34. The nenbrane of claim1l, wherein
Themeeniranpef dlaiél BSvIesTR theBinfhad £386 i :

si | ver, copper,. zinc, tl?tanitlﬁ?l] |rornaggg?lg%nle%%%ﬁ%oxmatelyequalt°
the 3veraggi fgodynamia ganndter, ofitegmewpanticlesr cal ci um or an

all oy thereof or an oxide thereof or a mxture

RemLaR : rane of cl.aiml, wherein_ the

Th%anopaérﬁ (gfl%éasnyglgn“glr% ?%ts%% t ARy 1318?1 avErag; Ay Ripge Bydrodymic

diaB@;r offrom fhont 1@AmAblaBYuit tveneaf or a m xture thereof.
36. The nenbrane of claim 1, wherein the nanoparticles
carbon gl ass, a

ThconB‘{r!?i]ise q?t | east one of graphite,

TaEBRARG i slan lophgrein thggenaertideckaviensneehyd hatredmantc

diafHe8h ok 6 nanot ube, a carbon
ngnopart#Jcéfbg’,{l?%t?mgq?nggélﬁg@oflﬂ’ereof. 37. The nenbrane
of claim1l, wherein the nanoparticles conprise a

Thetwruibranerof clfin 1 Tiverekniie ancopatticibsHavb 36 av¥H8] B dlodyiimic
diade%drtger %8rrpr|ses at | east one of poly(viny

TFEORLIPMASOMRA wp te ahaut 800 mm. sopr opy|

acrylam de-acrylic acid or a m xture thereof. 39. The
ThdRERPARME [ . ' he nanoparticles )
_conpri seogélﬁg{é gb‘girl%raglvmngpg%o@félr&? ir}l@\‘feé 6¥ﬁ5?&e§ry,450dapamw
diampetgsof fere abbut200ami theabofit 3douEnuUM or silicon, an

alum nosilicate, or an

The membrane of claim 1, wherein the nanoparticles comprise a material miscible with a

polar liquid and an apolar liquid.

The membrane of claim 31, wherein the apolar liquid comprises at least one of a linear
hydrocarbon, a branched hydrocarbon, a cyclic hydrocarbon, naptha, heavy naptha, paraffin

or isoparaffin or a mixture thereof,

The membrane of claim 31, wherein the polar liquid comprises water and the apolar liquid

comprises hexane.
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al um nophopsphate or a m xture thereof. 40. The
nmenbrane of claim1l, wherein the nanoparticles
wa@oempnhsse2 at | east one zeolite. 41. The menbr aP€eT/wE2006/007037
cl ai m 40, wherein the nanoparticles conprise Zeolite
A. 42" The nmenbrane of claim 40, wherein the zeolite
34 Tcorrpri ses a negatively charged functionality. 43. The
. Theembmbrage of cleinail fwH@einthe h@iopatiesREHAL harged .. .
cobdnctional ity binds silver idg)ns. 245%&1?(%@%%5?3 eeg)ggold, silver,
POr D, S e i e don, 898, o alciur o an
all I . .
c? eRl?Jr?oné)rﬁ%lé F thezgods conpri se an about

aim 44, whereéin
2 Ato an about 20 A porous material. 46. The nenbrane

35. Thefmeshlatiane dficlainhgrvetieneih e MABHRAEL GOMRLI S8, Ak o :
Bw 3 %to an about 12 A pgr ousb%ﬁé?geam%forﬁ%%sﬁ% SiC,
r ShLiCofPr 4 allopthereqfinaaghixturh éhereutbr ane has a fl ux
of about 0.03 to about 0.3 gallons per square foot of
36. ThOBAEMEARAG: PF&Mai .psi. of applied pressure. 48. The
menbr ane of aéﬁlg?f ﬁ?eu\?vﬁigrn@flﬂp e empraTeat frast Qe igeaphite,

carpen glass queatbiobreluster 00 At 1agst ANt out . 70.
carls The menbrane of cl aim T wher esiérgﬁ?%re&lﬁ’eayn%%gleﬂrﬁ”g@m’a
1}8?15’?% BAPan ngropatticlee s & nEstunethatebfe as about - 15
nV. 50. The nenbrane of claim1, wherein the nenbrane
37. Thérdem®banVB cBithfa ss of -l ess than about 70 nm
51. A nanogonpoé%g{eﬁneﬂ% ?’glﬁ?agb‘ilﬁfr‘io?mﬁ’éeé dengrimer.
conprising: a. an interfacially-polynerized pol yam de

38, Theygempsang of claim 36 o héreinrthe 0@ @G/ BpA! RaY i
et

matrix, wherein the filmis su
alcééé?)fr@%@{fsnm%ewmyg axtaands-adrilic aciper aerkduge thereof,
52. The nenbrane of claimb51, wherein the

sodi um i ons.
39. Thenaarap@ané b£4188n @%réiﬁ%hgﬁﬁiog%ﬁc@ 'S ggr%pﬂgc{] ﬁgggmiergtglzcular sieve

clai m51l, wherein the nanop

comprisipgrat jegsione s an Tide o alnbERSn O sitiodh, Bnhum B6HELE 4G
alunfxiinhéﬂo %@ﬁar | ses_resi dges of trimesoyl chloride anc} ’
np n% Ly hiduresBereqhe menbrane of clai m 51,
wherein the filmconprises the reaction product of
40. Thetmednbesmy/df claim 1, wherein the nanoparticles comprise at least one zeolite.
41. The membrane of claim 40, wherein the nanoparticles comprise Zeolite A.
42. The membrane of claim 40, wherein the zeolite comprises a negatively charged functionality.

43. The membrane of claim 42, wherein the negatively charged functionality binds silver ions.

44. The membrane of claim 1, wherein the nanoparticles comprise an interconnected porous

material.

45. The membrane of claim 44, wherein the nanoparticles comprise an about 2 A to an about 20

A porous material.

46. The membrane of claim 44, wherein the nanoparticles comprise an about 3 A to an about 12

A porous material.
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chloride and m phenyl enedi am ne. 56. The nenbrane of
claimb5l, wherein the filmhas an average thickness of
wo e@aiogdsort 50 nmto about 200 nm 57. A net hoRICT/wK2006/007037
preparing a nanoconposite menbrane conprising the
steps of: a. providing a polar mxture conpri sing:
a polar liquid andii. a first nononer that is mscible
' li Qyi.d; I dj a ar, Im xtfure
47 T bbbl 8P Rim 1, (Hoin B nREHf) B s AR AP I3t d8uc 0.
gallons paisghare dbdthof nitentpateyer dagipérsablagplied fres@zoNd
mononer that is mscible with the apolar [iquid; c.
jcles in either the polar mxture or

rovidin nopart
48.T %Befagfé’f'g PP ﬁﬁwﬁ) &rwberméh%nwmbﬁ@ed@ﬁ 8para Watbesqualitsium contact angle

of k3 ¢hdl oW #d®. t he apolar liquid and mscible with the
polar l1quid; and d. contacting the polar m xture and

the apolar mxture at a tenperature sufficient to
49. Thegnembrahe of ¢laist 1 wheaiarthainembtdre e ond @RS at least as negative
tEe%eﬁi RpterfacialIy-polynerizing the first nonomer
BARP Y he™econd nonomer to form a pol yner matri X,
wherei n the nanoparticles are disposed within the

50. THRGhSHREnETBE dlhitn 1,38herdiiSndBERBHAQH ' wherein
the nanoparticl €s are pré;i\% %egangél a%glﬂlf\'){ﬁi}rﬁaé:eg%u&'hg?ss of less than
abitxi0ume. 59. The method of claim57, wherein the
nanoparticles are dispersed within the apolar |iquid.
Q. The t hod of claim.57, erein the polar m xture
Sl'Alg%nogﬂlgB?sg%dnﬂB ERL Rt ﬁ%l@@ﬁ?&%bl e support
menbrane prior to the contacting step. 61. The nethod

of. @hanteRfadallysbsly@eAzdd R 1PMRRO ManMEARY ane conpri ses a
pol ysul f one or pol yet hersul fone webbi ng. 62. The

ngt E&ﬂlt@flal’fdﬁ%il'tmléﬁm ek %}1@11;? ﬁ‘z%%)o }’r’lﬁe trr%negg)gfnegl 'als ma57’

pol ynucl eophi |1 ¢ nononer. e
[ [ nmonper c i ses a di am nphenzene.
oSk 1 4 BB Rl SO 5 b TR mresti

ottum B@as. W phenyl enedi am ne.

52. The membrane of claim 51, wherein the nanoparticles comprise Zeolite A.
53. The membrane of claim 51, wherein the nanoparticles further comprise silver ions.

54. The membrane of claim 51, wherein the film comprises residues of trimesoyl chloride and m-

phenylenediamine.

55. The membrane of claim 51, wherein the film comprises the reaction product of trimesoyl

chloride and m-phenylenediamine.

56. The membrane of claim 51, wherein the film has an average thickness of from about 50 nm

to about 200 nm.
57. A method for preparing a nanocomposite membrane comprising the steps of:

a. providing a polar mixture comprising:
1. apolar liquid and
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65. The nethod of claimb57, wherein the second nononer

is a polyelectrophilic nononmer. 66. The nethod of
wa@b@icvds72 wherein the second nononer conpri SERCHUS2006/007037

trimesoyl halide.67. The nmethod of claim®66, wherein

t he second nononer conprises trinmesoyl chloride. 68.

The nmethod of claim57, wherein the polar liquid

conpri ses;: wat T th .elai m.57. wherein

t he apol 2%'%if§%ﬁrg§cd§1n%ﬁlﬁ%tg§mé 91@2@ t%%%OISIFI'I‘EIIﬁiﬁ near

hydr ocar bonai a B{rancgnﬁd hydrocarbon, a cyclic

h;y[/’dr%r&ya]ld%,n PR R SRAPH N ha, paraffin, or

i soparaffmor a mxture thereof, 70. The method of

cl ai m 57, l-wiBReelar kgiad splstantially guméscibderpith despiiesdiqad and

71. The nethod of claim57, wherein the nanoparticles

conpr i se lan aisp¢cadonenvandr bt pomeblerwitk theadpolat 2iquidye

nmet hod of claim 71, wherein the nanoparticles conprise

an. arovitinZ rinbparticieadodthe2he oR® hikrd /&t t8E bgdlar hBeturNMherein the

met hod of claim 71, wherein the nanoparticles conprise

an drgapartclas g misciblsavith the anolsn ligiid apd mdsdible withsthe Phler liquid;

met hpd of claim57, wherein the nanoparticles conprise

at least one of gold, silver, copper, zinc, titanium

i on | ym pum . zi r.coni u indium .tin, magnesium of .

o onfien the e oy <\t e gpolarnixtivg at & driespiis suficient to

M Xt¥ict thd@seRbnonier willd e BLGRAnHordral M 57, wherein

t he nanoparticles conprise at |east one O Si 3N, SiC,

e BT Y L o 4 oo o

npolymar miatrlxes conpri se at | east one of graphite,
carbon gl ass, a carbon cluster of at |east C2,

buwhkRintat aaddpattRI@NRe dRpied RAMiA HelRIRAG mArigar bon
nanot ube, a carbon nanoparticle, or a mxture thereof.

s Tyl S Bl BRI O

miwhee.ei n the dendriner conprises at |east one of
pol y(vi nyl al cohol)-divinylsulfone or N-isopropyl

acr i de-acrylic acid or a m xture thereof.79. The
39. Thﬁél&%@n %"?C‘f%ma{ %“él?:felmrf@mp%@ewﬁ Sisrerspd Mibincthappolewliquid.
a mesoporous nol ecul ar sieve conprising at | east one

60. The imelibdefl BEmOY7, b [ar_?ﬁikfu%@fé’adﬁ&bed upon a subs%antially
alum nosilicaté, or an al um nophopsphate o e Wt Ur &

insphilesyppoid Mentiranemidrda thefcontaating &p. wherei n t he
nanoparticles conprise at |east one zeolite.

61. The method of claim 60, wherein the support membrane comprises a polysulfone or

polyethersulfone webbing.
62. The method of claim 57, wherein the first monomer is a polynucleophilic monomer.
63. The method of claim 57, wherein the first monomer comprises a diaminobenzene.
64. The method of claim 63, wherein the first monomer comprises m-phenylenediamine.
65. The method of claim 57, wherein the second monomer is a polyelectrophilic monomer.

66. The method of claim 57, wherein the second monomer comprises a trimesoyl halide.
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81. The nethod of claim 79, wherein the nanoparticles

conprise Zeolite A 82. The nethod of claimb57,
wob@ceps37t he nanoparticl es conprise a negati vePgT/US2006/007037

charged functionality, and the nethod further

conprises the step of contacting the nanoparticles

wth a silver salt, thereby formng a

silv re ted nan osite menbrane. 83. The
67. i FBTEPE, hercigdas siohn W@ngtlsbccarpreaﬁtrgeeoarbcm%de
nanoparticles with a silver salt is perforned prior to

68. THRctRb@vF Slaiy SNANRRELhEDSEr BHBR cofriscd wikdhod T or
preparl ng a nanoconposite menbrane corrprl Si ng t he

ps of: a. soaking a polysul fone nenbrane in an

697U§qu@b9é0§dﬁmm5bnﬂ@mwpﬁh@mn@udphehyhmmeﬁsammmeonanﬂahnaw

ouri.ng o to t pol qu nbr ane hexan
b B A R SyFe o HEh aa e vy Sapiha, paraffin
(Hagﬁ@ﬂgﬁﬁbpagﬁxﬁﬂﬁﬁg@gﬁd in the hexane sol ution
thereby interfacially-polynerizing the
/ w phenyl enedi am ne and the trinmesoyl chloride to form

70. The rflPtihml oflaine 5h wheseipdlad anodardigisheomurseebexane.
di spersed within the film 85. The nethod of cl ai m 84,

71. Tﬁ'gflﬁﬁtgg@ 8# Elglﬂa{; ?@Q@‘Egrélb ‘%lllee ian%sggﬁcié gom %Iaset 2H1 gétrcéorslngci,‘teci1 porous

ma&efilacti ng the zeolite nanoparticl es with a silver
salt. 87. The product produced by the nethod of any of

claims 57 to A nanoconposi te nmenbrane
- 72 T}t%ﬂifhi)‘% Pfr‘ijalal ?1 |thﬁ%rv thrnanopabieles gpraprserantabeut 2 nfo an about 20 A
?&Mﬁé S5 a a polymer matrix; b. a hydrophilic layer

proxrnate to the face; andc. nanoparticles di sposed
within the hydrophilic |ayer, wherein the filmis
73. Tisubathadbf dhily 7 heviredh e dapopaticles endpisshstMoti Rl ty an about 12 A
ermeahle to inmpurities. 89. The nenbrane of claim
poggPrWH@? in the inmpurities conprise nonoval ent ions.
90. The nenbrane of cIa|n188 mhereln the inpurities

74. THRMARhOEEF ﬁéﬁ{'ﬂé’ﬁ r\}&hehé?fﬂ i‘ﬁ%e r%tl | e acng NSt ?Jas{:%xﬁiedf‘fgggté cilver,

wherei n the hydrop cent to

copyger, Aihe titenitimainen, (alumihahm%mwh,eméium tinemiayassmhi dricglcium or an
layer is in contact with the face. 93. The nenbrane of

allpy thepqod gr agypide thergafor 2@ e fheseofonpri se at | east one

of a sodiumion, a
75. The method of claim 57, wherein the nanoparticles comprise at least one of SizNy, SiC, BN,

B4C, or TiC or an alloy thereof or a mixture thereof.

76. The method of claim 57, wherein the nanoparticles comprise at least one of graphite, carbon
glass, a carbon cluster of at least C,, buckminsterfullerene, a higher fullerene, a carbon

nanotube, a carbon nanoparticle, or a mixture thereof.
77. The method of claim 57, wherein the nanoparticles comprise a dendrimer.

78. The method of claim 77, wherein the dendrimer comprises at least one of poly(vinyl

alcohol)-divinylsulfone or N-isopropyl acrylamide-acrylic acid or a mixture thereof.



pot assi umion, a magnesiumion, a calciumion, a
silicate, an organic acid, or a nonionized dissol ved
waoedoe@oss7t h a nol ecul ar wei ght of greater thanPab@se1006/007037
200 Daltons or a mxture thereof. 94. The nmenbrane of
claim 88, wherein the nanoparticles are hydrophilic
nanoparticles. 95. The nenbrane of claim88, wherein

he panoparticles, co i se an i nterconnected porous .
79, T g B s S S PR Botecutar v
cAIBRPRRY 4t 164sLSnCOMRN d:8& SMIARAM & MidR, AP aRRAMSsI1EGt or an
porous material. 97. The nenbrane of cfaim 95, whereéin
althmenaphnpypéhiatei ¢ laesixboethersd. an about 3 A to an about 12
A porous material. 98. The nmenbrane of clai m 88,

wher gi he.nanoparticles conprise at | east one of ..
30. TR ol o Gin S0 R Bkt b RaSHR el aoriss Bhleasogs palis
zirconium indium tin, magnesium or calciumor an
81. T hethot EcR@h 707 whérelthel QatdpaFtRMs BmpRsEZESIUE Q.
thereof. 99. The nenbrane of claim88, wherein the
nanoparti cles conprise at | east one OFSi3N4, SiC, BN,

82. Tiemethed of claimg 57 avwhereinghe narapesiclesicompriss & negatively charged
Th ane of .claim 88..wherein.the . .
ST 00 e TGt Ty SR Mot i

a Siteb odlt, ghe2siSy formHa AN e rsre Siat i nadbediBssite Gfombrane.

buckm nsterfull erene, a higher fullerene, a carbon

nanot ube, a, carbon nanoparticle, or a m xture thereof.
83. Theymethp of flairs Sanwheseindhe siep g8 confprdingithe naneparticles with a silver salt is

paRRE kbl The ERRIAS B HRRERL. compri ces ot | cast

one of polyvinyl alcohol)-divinylsulfone or
84. ANadtBapfon pydpasing ¥ hamdcderasitey/membamie dodprifingithe ¢ of:
thereof. 103. The nenbrane of claim 88, wherein the

nanoparticles c ri se.a nesoporous nol ecul ar si eve
c Bn‘pgl"‘[o‘mﬁga Dolysh 3R TERBTARE T3 A ASHCABS BLUGATATRIASRS 7

Si'HﬂﬁB 1eABHiShL L ARsi | i cate, or an al um nophopsphat e
or a mZteure1 tﬁlgl?eof. 104. The nenbrane of cl ai m 88,

e Rl D5 B SBREL uE SRUSRTREN P55 R comprine
nanopiddsbl cBforideiRd z&slitd agdpaRiofes stffRnddd @ tHE BB MB o fion,
claim 88, wherein the hydrophilic |ayer conprises at

Sl LM P o i

form a film, wherein the zeolite nanoparticles are dispersed within the film.

85. The method of claim 84, wherein the nanoparticles comprise Zeolite A.

86. The method of claim 84, further comprising the step of contacting the zeolite nanoparticles

with a silver salt.
87. The product produced by the method of any of claims 57 to 86.
88. A nanocomposite membrane comprising a film having a face, wherein the film comprises:
a. apolymer matrix;

b. ahydrophilic layer proximate to the face; and
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89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

pol yet hyl ene gl ycol, saponified polyethyl ene-vinyl
acetate copol yner, Methyl ene glycol, or diethylene
w@bgoeobssor a m xture thereof. 107. The menbr aneCDUS2006/007037
cl ai m 88, wherein the hydrophilic |ayer conprises
crosslinked pol yvinyl al cohol. 108. The nenbrane of
claim 88, wherein the nenbrane further conprises a
pol ysul f one ory ul .f ane ort. 109. A nethod
For BRIl bRl S HERHTN, conpr o1 ng-the
st eps .of: provi di ng an agueous m xture conpri sing:
| whejigip g}e ﬁlin} 18 sgbqfq%}agpj ﬁp@@b};&p%@r angdljspbstantially 1mpermeable to
g ﬁ{élcles andiv. optionally, at |east one
cro S |ﬁk|ng agent; b. providing a polynmer filmthat
I S _substan p ter and substanti.al
Th pERTRARR o8 o Pl SRR LS imburtien CarP it TERG ke
and t he flln] thereby form ng a hydrophilic

TRAMSHBIRG B tRith BB hérBinGRA IraFritis Bmbhse divhidht 3R d.
evaporating at | east a portlon of the water fromthe

hydrophi I i ¢ nanoconposite | ayer. 110. The net hod of
Tl@q mpwbapg of elaim B8 whersrthe h ovhiéc fayenisafljdqenittp Hip faere

| ayer to a tenperature sufficient to crosslink the

Tl\%}r?l@ﬁx!bﬁﬁ{é'o@glaﬁ% %@t 1}1 thJ sznr"éﬁﬁlng ijewglt 1scﬂ1 ﬁbrﬂlﬁcg:t%th the face.

he "nanop ar
nanoparti cl es. 112 The nmet hod of cIa|n1109, wherein

Theweembrmp af tiaih 88, wherpini the irapuritits eompriseattiegt pay ofssodium ion, a
material. 113. The met hod of _cl ai m 112, wherein the
P%%ﬁﬁt}%m 8 I‘f@&l%%‘% oy @ caleivap i asl %&aﬁeoalhﬁrga’é‘é @¢idpor aanonionized

dlpﬁ%ﬁ%ssoﬁﬁt“ﬁ{ﬂ olebdiar Wyéﬁt E?a%rgﬁgr %n gﬂdﬁt ?b& Paito o taelixg(ture

e nanopar es conpri’se an a
thérepfir ous materi al . 115 The net hod of claim 109,
wherein the nanoparticles conprise at |east one of

gold silv pe zinc, titanium iron, alum num
TIPSO PN S WRSTAD the BHOBRTI oS aFe ek BRiogAcles.

The membrane of claim 88, wherein the nanoparticles comprise an interconnected porous

material.

The membrane of claim 95, wherein the nanoparticles comprise an about 2 A to an about 20

A porous material.

The membrane of claim 95, wherein the nanoparticles comprise an about 3 A to an about 12

A porous material.

The membrane of claim 88, wherein the nanoparticles comprise at least one of gold, silver,
copper, zinc, titanium, iron, aluminum, zirconium, indium, tin, magnesium, or calcium or an

alloy thereof or an oxide thereof or a mixture thereof.

The membrane of claim 88, wherein the nanoparticles comprise at least one of SisNy, SiC,

BN, B4C, or TiC or an alloy thereof or a mixture thereof.
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BAC, or TiC or an alloy thereof or a mxture thereof.
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106. 5B HaR Rttt s CF?JGH%EUW eI fdrephdiG iier Spgrivnat sastge of

e Vi dinad i .
PO O P ooy PEPATP B ST R R Plorft BfRidke,
pohethyleaneelyval sapdnifist pdipatieylemdviaylseetacdpatyener riethylene glycol, or
(T%EﬁtaCtin the first fagce of the nenbrane with a first

12RY g9 Fxed or 3 mixpeg thetsofine having a first salt

concentration at a first pressure; and c. contacting

107. 1B 2REBAMeRERIRTS! WRerBBITRE ﬁﬁﬁo%‘liaﬁit‘l eP oS QladkitfRBd
of a second vol une having a seco sal't concentration

pobwinyl gleolorld pr essur e;

108.  The membrane of claim 88, wherein the membrane further comprises a polysulfone or

polyethersulfone support.
109. A method for preparing a nanocomposite membrane comprising the steps of:

a. providing an aqueous mixture comprising:
i. water,
ii. ahydrophilic polymer,

iii. nanoparticles, and



wherein the first solution is in fluid conmunication
wWith the second solution through the nenbrane, wherein
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113.  The method of claim 112, wherein the nanoparticles comprise an about 2 A to an about

20 A porous material.

114. The method of claim 112, wherein the nanoparticles comprise an about 3 A to an about

12 A porous material.

115. The method of claim 109, wherein the nanoparticles comprise at least one of gold, silver,
copper, zinc, titanium, iron, aluminum, zirconium, indium, tin, magnesium, or calcium or an

alloy thereof or an oxide thereof or a mixture thereof.

116. The method of claim 109, wherein the nanopérticles comprise at least one of SizNy, SiC,

BN, B4C, or TiC or an alloy thereof or a mixture thereof.

117.  The method of claim 109, wherein the nanoparticles comprise at least one of graphite,
carbon glass, a carbon cluster of at least C,, buckminsterfullerene, a higher fullerene, a

carbon nanotube, a carbon nanoparticle, or a mixture thereof.

118.  The method of claim 109, wherein the nanoparticles comprise a dendrimer.
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119. The method of claim 118, wherein the dendrimer comprises at least one of poly(vinyl

alcohol)-divinylsulfone or N-isopropyl acrylamide-acrylic acid or a mixture thereof.

120. The method of claim 109, wherein the nanoparticles comprise a mesoporous molecular
sieve comprising at least one of an oxide of aluminum or silicon, an aluminosilicate, or an

aluminophopsphate or a mixture thereof.
121.  The method of claim 109, wherein the nanoparticles comprise at least one zeolite.
122.  The method of claim 120, wherein the nanoparticles comprise Zeolite A.

123.  The method of claim 109, wherein the hydrophilic polymer comprises at least one of
polyvinyl alcohol, polyvinyl pyrrole, polyvinyl pyrrolidone, hydroxypropyl cellulose,
polyethylene glycol, saponified polyethylene-vinyl acetate copolymer, triethylene glycol, or

diethylene glycol or a mixture thereof.

124.  The method of claim 109, wherein the hydrophilic polymer comprises crosslinked
polyvinyl alcohol.

125.  The product produced by the method of any of claims 109 to 124.
126. A method for purifying water comprising the steps of:
a. providing the nanocomposite membrane of claim 1 or 88 or the product of claim 87

or 125, wherein the membrane has a first face and a second face;

b. contacting the first face of the membrane with a first solution of a first volume having

a first salt concentration at a first pressure; and

c. contacting the second face of the membrane with a second solution of a second

volume having a second salt concentration at a second pressure;

wherein the first solution is in fluid communication with the second solution through the

membrane,

wherein the first salt concentration is higher than the second salt concentration, thereby

creating an osmotic pressure across the membrane, and
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wherein the first pressure is sufficiently higher than the second pressure to overcome the

osmotic pressure, thereby increasing the second volume and decreasing the first volume.
127. A method for concentrating an impurity comprising the steps of:
a. providing the nanocomposite membrane of claim 1 or 88 or the product of claim 87

or 125, wherein the membrane has a first face and a second face;

b. contacting the first face of the membrane with a first mixture of a first volume having

a first impurity concentration at a first pressure;

c. contacting the second face of the membrane with a second mixture of a second

volume having a second impurity concentration at a second pressure; and
d. collecting the impurity,

wherein the first mixture is in fluid communication with the second solution through the

membrane,

wherein the first impurity concentration is higher than the second impurity concentration,

thereby creating an osmotic pressure across the membrane, and

wherein the first pressure is sufficiently higher than the second pressure to overcome the

osmotic pressure, thereby increasing the second volume and decreasing the first volume.
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