POLYMER COATED HYDROLYZED MEMBRANE CROSS- REFERENCE TO RELATED APPLI CATI ON

[ 0001] This application clains the benefit of the filing date of the pending
nonpr ovi swortal1/@ppBi cati on entitl ed "POLYMER COATED HYDROILNZED 1NENBRANE" ,
filed May 3, 2011, serial nunber 13100283, which clainms the benefit of the
pendi ng provisional application entitled "POLYMER COATED HYDROLYZED
MEMBRANE", serial nunmber 61330559, filed May 3, 2010, the entire
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BACKGROUND Technical Field [0002]This docunent relates to a pol ynmer coated

hydr ol yzed nenbrane for forward osnosis (FO and pressure retarded osnosis
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| arge effect. on menbrane perfornmance. [0005] Currently the only commercially
avai | abl &YEFhSbr ane i s manufactured by Hydration, Technol ogy |nnovations,
LLC of Al bany, OR (HTlI). This is a cellulose triacetate (CTA) nenbrane with
an enbedded support screen cast usi nT% t he i nmersion precipitation process.
Thi s menbrane has a dense rejecti %§QPNP10 - 20 mcron) far thicker than
t hose comBkhi@nreRIMPOsite RO nmenbranes (0.2 micron). However the HTI
menbrane far outperforns conposite RO nenbranes in FO tests due to the
openness [4¥3] hy Vgt esfatess tojapelysist erpseddiygiobzed mggplyane for forward

osmosis (FO) and pressure retarded osmosis (PRO) membrane processes and applications, for
example.

Background

[0003] The development of highly selective semi-permeable membranes has been
primarily focused on reverse osmosis (RO). High performing RO membranes have a very
thin, dense, polymeric layer which is supported by a mechanically-strong porous membrane.
The structure of the support membrane has little effect on the flux and selectivity of the
membrane.

[0004] Recently, the FO has received interest as well. FO membranes have similar
species selectivity as RO membranes, but in FO the characteristics of the porous support
layer (such as morphology and hydrophilicity) have a large effect on membrane performance.
[0005] Currently the only commercially available FO membrane is manufactured by
Hydration, Technology Innovations, LLC of Albany, OR (HTT). This is a cellulose triacetate
(CTA) membrane with an embedded support screen cast using the immersion precipitation
process. This membrane has a dense rejection layer (10 — 20 micron) far thicker than those
common on composite RO membranes (0.2 micron). However the HTT membrane far
outperforms composite RO membranes in FO tests due to the openness and hydrophilicity of

its porous support layer.

SUMMARY



SUMVARY WO 2011/ 140158PCT/ US2011/ 035083 [ 0006] Aspects of this docunent
relate to a pol yner coated hydrol yzed nenbrane that couples the high nass
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[0008] Particular implementations may include one or more or all of the following.

[0009] Forming a membrane from a first hydrophilic polymer may include forming an

asymmetric membrane by immersion precipitation comprising a solid skin layer and a porous

support layer.

[0010] Forming an asymmetric membrane by immersion precipitation may include

forming the solid skin layer including a thickness of about 5 to about 15 microns and the

porous support layer including a thickness of about 20 to about 150 microns.

[0011] Forming an asymmetric membrane by immersion precipitation may include

forming the solid skin layer including a density of polymer of about 50% or greater polymer

by volume and the porous support layer including a density of polymer from about 15% to

about 30% polymer by volume.

[0012] Coating the membrane with a thin layer of a second hydrophilic polymer may

include coating the solid skin layer of the asymmetric membrane with a thin layer of a second

hydrophilic polymer more pH tolerant than the first hydrophilic polymer to form a dense

rejection layer.

[0013] Forming an asymmetric membrane by immersion precipitation may include

forming an asymetric cellulose membrane from a hydrophilic cellulose ester polymer by

immersion precipitation.

[0014] Exposing the coated membrane to a high pH solution may include exposing the

asymetric cellulose membrane to a high pH solution thereby hydrolyzing a cellulosic portion

of the asymetric cellulose membrane to form a hydrolyzed ultrafiltration membrane.



[ 0012] Coating the nenbrane with a thin | ayer of a second hydrophilic
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[0019] Particular implementations may include one or more or all of the following.

[0020] The membrane may be an asymmetric membrane. The asymmetric membrane

may be an asymmetric cellulose membrane formed from a hydrophilic cellulose ester

polymer.

[0021] The skin layer may have a thickness of about 5 to about 15 microns and the

porous support layer may have a thickness of about 20 to about 150 microns.

[0022] The skin layer may have a density of polymer of about 50% or greater polymer by

volume and the porous support layer may have a density of polymer from about 15% to about

30% polymer by volume.

[0023] The dense rejection layer may have a thickness of about 1 micron or less.

[0024] The dense rejection layer may be formed from a sulfonated polystyrene

polyisobutylene block copolymer.

[0025] The foregoing and other aspects, features, and advantages, as well as other

benefits discussed elsewhere in this document, will be apparent to those of ordinary skill in

the art from the DESCRIPTION, and from the CLAIMS.

DESCRIPTION
[0026] This document features a polymer coated hydrolyzed membrane for forward
osmosis (FO) and pressure retarded osmosis (PRO) membrane processes and applications, for

example. Polymer coated hydrolyzed membrane implementations couple the high mass
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may be made without departing from the scope of this document. As a matter of

convenience, various components will be described using exemplary materials, sizes, shapes,

dimensions, and the like. However, this document is not limited to the stated examples and

other configurations are possible and within the teachings of the present disclosure.

[0028] Notwithstanding, for the exemplary purposes of this disclosure, a process of

forming polymer coated hydrolyzed membrane implementations may generally include

coating a cellulosic membrane formed with the immersion precipitation process with a very

thin hydrophilic dense layer of a more pH tolerant polymer. The membrane may then be

exposed to a high pH solution which hydrolyzes the cellulose ester thus making it an

ultrafiltration membrane which is even more hydrophilic and permeable than the CTA

membrane. The thin coating of the pH resistant polymer then becomes the dense rejection

layer.

Immersion Precipitation

[0029] The immersion precipitation process is described in US Patent No. 3133132,
which is hereby incorporated by reference.

[0030] In general, first, a membrane polymeric material (e.g., a hydrophilic polymer (e.g.
a cellulose ester such as cellulose acetate, cellulose triacetate, etc.)) is dissolved in water-
soluble solvent (non-aqueous) system to form a viscous solution. Appropriate water-soluble
solvent systems for cellulosic membranes include, for example, (e.g. ketones (e.g., acetone,
methyl ethyl ketone and 1,4-dioxane), ethers, alcohols). Also included/mixed in the solution
are pore-forming agents (e.g. organic acids, organic acid salts, mineral salts, amides, and the
like, such as malic acid, citric acid, lactic acid, lithium chloride, and the like for example) and
strengthening agents (e.g., agents to improve pliability and reduce brittleness, such as
methanol, glycerol, ethanol, and the like for example).

[0031] Next, a thin layer of the viscous solution is spread evenly on a surface and allowed

to air dry for a short time. Then one side of the viscous solution is brought into contact with



transfer of the CTA support layer with a thin dense |ayer to provided
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from the dense layer. For the process to continue, the dissolved species must diffuse back
through the porous layer to the dense layer. Likewise, if the higher concentration is on the
open side of the dense layer, as water is extracted from the fluids in the porous layer, the
concentration of dissolved species in the porous layer will increase. For the process to

continue they must diffuse out of the back of the membrane into the feed solution.



[ 0032] Then, after all the polymer is condensed fromthe viscous sol ution

t he nmenbrane can be washed and heat treated. [0033] Thus, the
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cpagulatWGHﬂ@abﬂmﬂmﬁbe@%@%ﬁﬁﬁ@pnﬁnwrhave an overal | thickness of 75 to 150
m crons crons.
The suppgﬁi‘ abrﬁ%ﬂg ithinact%%%tgg 3518%?‘628%1 le Béﬁ&g‘?g%“l& lg&g%aﬁ%}ags%? abri c may
be a V\ovexfonmrech@mwnarm}dnommmmey@meﬂewrlb@ohmm@ptﬁnaﬂwﬁd whieh Isi ke f or
cuppor ¢ SEIshY bebBSltan s th ARGy 3 s PREHUPNE rERBe R BisLFER ¢ i n
t he CLAI I‘vﬁ)lacmg the bound water w1th alcohol then replacing the alcohol with hexane. The polymer



Pol ymer Coating [0040] The dense or skin layer of a cellulosic nenbrane
formed by the imrersion precipitation process as descri bed above nay be
coat ed wiwb 2a1vigos8t hi n hydrophili c dense | ayer of a noPeTalS2a10l08508ht
polymer. It is this thin coating of the pH resistant polynmer which wll

t hen becone the dense rejection layer. [0041] Applying a thin coating to a
dense or skin layer of a cellulosic nenbrane has been pioneered for gas
separat i Q@bé@?ﬂéﬂ%ﬁ% Iﬁaﬂbrhlzfe idasa msstﬂ@edllﬂh&@n@%d%}ohéﬁqo {ifb23QfRHe Which is
hereby incorporated reference. In this procedure the cellul osic nenbrane
is dr|edSW@“F@&@PWﬂ@b%&éPﬁQGﬁﬁ@n%@éﬁMeWHpémomnth al cohol , then repl aci ng
the al cofglaapi t N DEXEARariohHrRANTED 2iicRE 16RALARIRR: FuBer TS iy 1 s then
di ssol ved 1 n hexane and applied the nenbrane surface after ich the
hexane i 31s¢derrbrenictihisavblss rsatof mror{r@@i@]wog%&obecpaﬁre@nhcme mwbbdiianes a 0. 2

m cron | I: QHBP mever this rubber is
not apprqﬁak’%%KﬁgﬁI@gg%rb%égﬁ%%%%ﬂ%g SI |cgﬁaﬁ$u i's hydrophobic and in
FO or PR@43¢ de%serdhgbetheratplsltedtpelymedrsmblﬂmemment lﬁ}@m]lﬁcwmﬂhbigl ¥n the

Sgglhl Sdpger(ar}é%e o%u,ch Epolrgren%rlbsltn% be dlp%he%%{ltfl% ex@Y cothgtprocess (éscrl%xgl mpl e of

exane rocess descri bed
above |semoﬁmkﬁmﬂﬁmmﬂdp@yyﬁtmﬂﬁmﬁmmowymsbbdtMﬁﬁb@mbﬂﬁﬁkb@bpﬁ%}hﬂmtdescrlbed

in US Paten 657 orated by reference. This
ol yrer 15" FbgEH s a B prere e B Kbl 0D S ST etk cvel

separ at i opgropkiriel db@de%ﬁ@fgﬂl té propide a@eltwelzepaﬁaaﬁsl mghtolfant iptkaesses one (1)
m cron or_|ess éﬁg%p ?bcron ﬂ acEievable . 0044] Many
addltlonékmpﬁﬁp 3??6%@ F@mﬁB§§q¥ Fqlﬁ?r? aHly ashsyellfi ons” are
wi thin t heoq@}Al N@anyMlaarlﬂbmﬂnlkllyﬁémtmglaﬂe@asmm@ﬁﬂ%mﬂmsa@laérﬁ@hows bl a very
thin hydra h|||c dense layer of a nore pH tolerant polyner, the menbrane

may be r GiMMSwat er. The cel I ul osic portion of the nmenbrane may then
be rendered rr@/fe%lb@agl%mvlayoh%ﬁl&pl ysis.

[0045] Once coated with a very thin hydrophilic dense layer of a more pH tolerant

polymer, the membrane may be rewetted with water. The cellulosic portion of the membrane
may then be rendered more open by hydrolysis.

[0046] In this process some or all of the acetate groups that are esterifies to cellulose are
replaced with hydroxyl groups by exposure of the membrane to a solution with a pH of about
12 or greater. After hydrolysis the membrane has a dense rejection layer less than one (1)
micron in thickness supported by a very hydrophilic, asymmetric ultrafiltration membrane.
[0047] This membrane can be strengthened as needed for PRO by inclusion of cellulose
acetate butyrate in the cellulose acetate mixture of the membrane cast by the immersion
precipitation process.

[0048] Many additional implementations are possible and further implementations are
within the CLAIMS.

Specifications, Materials, Manufacture, Assembly

[0049] It will be understood that implementations are not limited to the specific
components disclosed herein, as virtually any components consistent with the intended
operation of a polymer coated hydrolyzed membrane may be utilized. Accordingly, for
example, although particular components and so forth, are disclosed, such components may
comprise any shape, size, style, type, model, version, class, grade, measurement,
concentration, material, weight, quantity, and/or the like consistent with the intended

operation of a polymer coated hydrolyzed membrane implementation. Implementations are



[0046] In this process sone or all of the acetate groups that are esterifies
to cellulose are replaced with hydroxyl groups by exposure of the nenbrane
to a sol wpanimi4btssa pH of about 12 or greater. After hpdralSgeil®3ioke
menbrane has a dense rejection |ayer | ess than one (1) micron in thickness
supported by a very hydrophilic, asymetric ultrafiltration menbrane.

[ 0047] Thi s nmenbrane can be strengthened as needed for PRO by inclusion of
cel | ul os&oaeak&L 6 uRUlY LAt Pedific EBE R, lﬁk&%ﬁed%@ﬁ@fc@ bachik8cQEd 4be membrane
cast by the inmersion precipitation process. ny additiona

i mpl enmentcaRsives with dhegaisadegioperatinn df@moharer FQPﬁﬂdéWéWﬂﬂ?ﬁl Begb®ae within the
CLAI MB.  Speehbig@ld ons, Materials, Manufacture, Assenbly [0049]1t will be
under st ood that I npl enentations are not limted to the specific conponents
di scl osed00it ei miccarding]y; thggbmponenty delimmpeaera polyenspaedhtdrelizcd t he i nt ended
operatio I I R d
According?ﬁén$g E%gﬁ%ﬁﬁ%ﬂhﬁq% fﬁﬁgrtlgﬂﬁﬁ§ con%o ﬁ?ghg%dh%%&fo th, are
disclosedpmbmmmnmdwpmﬁémt@mnﬁwﬂzbﬂﬁnusénmnylmﬁaped5$hw®mdﬁuwﬂe type,

nodel , verS|on re ncent.rati on terial, weight,
quant] ty CRRERar VRIS e e ialSREM SRk oREARRRLA B BBl on ot &

pol ynmer dgdiobdehmdinbilaye meplensmitianeF ornind eemplast puoposed clsfpmedmibsanm drs are not
limted to yses of an ecifi rOV|de onponents
el ect ed ST EE SrEBR Ry ey Fre PR Rdan s s RS sb iR are e Tooar od
hydr ol yze;ddmmfyaﬂepmmigefmm&aﬁstm Fc[r@%ﬁﬁlé\ﬁlﬁ?ﬂhdhﬂilghéﬁ mdyle se@ponent s

defi ni ng ner coat ed h dr ol nmbrane i npl emenptati on. may be

f or med ofpe%\’gﬁ?glﬁ thtfqegpgﬁts lfsyaﬁ‘é‘gl oﬁfXCnglthlp’ OMPPIYE) ?tﬁﬁﬁq%ﬁlﬁeéi t her eof
that can ek kotuts JrargNBttonEdntatdiap et soRikies bSloRERheElRttatidhator hngOmponent s
selected are consistent with the intended operation of a polyner coated

hydr ol yz @dSSHga AN prefiitcaeiugen topgpore gencentEiy) S&WO&uA}%@ WHE this
di scl osurgyiety B?m@i%ﬂi*ﬁﬁ@@ﬁé ﬂld’ifﬂie%‘ﬁ%d%ln%%e Iymlphs% dGOR&H ali€thcRhe@ W de

variety of materials and have a wide variety op eratlngpcharacterlstlcs
For exanpg?®1] t hAsrrertirtaney Oﬁarym@édlg@rﬁ%y@%@é@lr@adwbémeﬁg thatd t hey pass
subst ant i g@al-}oYo @66t U MR ¥ B m%ﬂmﬂ@ﬁl% Be Ilngﬁé fr&th § tHl8 Filch @&ln;%dsfi@kbhe sol ution
of higher concentration to the solution ower concentration, for

exanpl e, npaPsingg Sught membrpemeompapites ingiudaitfer exempte; oeellulpsaesteymeembeaieent r at ed

ori et pi S8 o ool Frel ik Ripbr e TRARG SR PBBETRYER Hbbcl @i 1< 10 11
addi t i on stch astvatvelhasioaivoeady ldoeprly ces olrpdbmﬂora'&mhemr@cdf@slén agdotivlese t he FO or
PRO menbr de fr thin film f«% ch
menbr ane gto rrpfg@iyrtal?e C ah PO%P%C s%pl)P o1t SilCh as %8‘[‘[ :9%1]%5 hn%l”%lb?‘anﬁ%us%kf

e eI Uae & ester rane cast
by an |nnmnﬂmmnmppmhcpmmﬁﬁmmmwmhsMEEﬁmﬁmmnmhe8@%Md9ﬁ%rmgﬁ&&amw&apmrous

orpref ernie s S Pmbai Bagh SR RRcTAhaeu RO T bRbsrt o BN Cppor

such as Goimnhmolecilapesight cﬂﬁhﬁ“f nﬁﬁé)mameﬁnuﬁaeﬂbm daaorlisy dme pfehdbtaes menbr anes
wth salt rejectiqns in th % to 95@6ra ﬁted as a rﬁverse
osnosi s dde ?@6‘ ﬁo‘éyidfol’ “iflﬁiw ?Qﬁéfte“i‘ /8rreé Evr%?‘ ulgss agelpffersTluless) - The
nom nal  mpadpeiakdt@lceBbsg Bltyeddd, calfuflose liabdige MBRHAL aNR1ITBYIc BRtc#QW, dal tons. The
menbranes may be nmade from a hydrophlllc menbrane material, for exanpl e,

cel | ul os@°RuEsthepe poyamidss. oLhe perehspnes ey de apy@meitiodhat fufay exameple. &g | ul ose

di acet at guenfyrRASayHavELINIHHRSTiGR 1&% 8h kiRl ovder B%ﬁél{ﬂ)%rh&@ hicrBR RRLEES. The
menbranes may be asymmetric (that for exanple, the nenbrane may have a
thin rej detseand pergeysublayrhi torige rml@’pn%th@k@mral@ranﬁ &9y bRT@PSALY fthi ck and a
dense andyRRFRMSriaANESScHO TIR RS bR Rb4ekQY F Rlvk h vBRDERY be
formed by an I mrersion precipitation process. The nenbranes are elther
unbacked bagingthstelops nas ippadp snteh spailiimgythe hagction bgemertaré hyskeibiligeand easilgachi ng
the reje I Yim to the
nenbraneg%¥§Qm£ %&ﬂnaﬁ12%1gﬁ%gégﬁgﬁh%ﬁaﬁﬁﬂmgéﬁh&,e*@%é? u%@% a hydrophobi c
por ous sﬂe@@phummmm@wShhﬁb@*mgtWbﬂpmﬂmuwnmhdamtBsnbﬂvhﬁmlmnw3ﬂwwmlnon woven
but havin Q%0 c be a
polyestepgscyg’n %%%?Q“HEU§ B? ic eneggldFk%§SEetg§y gd%mgfgmngﬁster
screen) aadng otadl tlaslymmtf Iab(mt 65 microns (polyester screen) and total asymmetric



menbrane is 165 mcrons in thickness. The asymetric nenbrane nmay be cast
by an inmersion precipitation process by casting a cellulose nmaterial onto
a pol yestwp 2twwv@erss The pol yester screen may be 65 m cr @a3/ushéiaio35085% open
area. [0052] Various pol yner coated hydrol yzed nenbrane inpl enentati ons may
be manuf actured using conventional procedures as added to and inproved upon
t hrough the procedures described here. Use [0053] I npl enentations of a

pol yner GRaleshehy ts5ahizadin BRI RN eT RISy Rakkik %h@fdng 4§ 8 Uhst bpa- Q' wat er
treatment applications. Such applications may include osnotic-driven water
puri fi catMewsERdPeciniteren proeess beestingratellplesomateiad opfgragiolyeparseisceatlion of
cont am nagdyA4uReNSPBSE FmRE LR ATEL, sIAGpLiGL 1 ke. [0054] However,

i npl ementations are not [imted to uses relatlng to FO applications.

Rat her, d®8p2Hes cariots prlymecartedigy drolyFd mgypiringamplementatsont oraytbhe exenpl ary
pur poses i BV d wth
simlar F%%ﬂ%?gﬁgg&ggS%ﬁ%@%ﬁm@?&mdﬁBéEg%g%ﬂ%gg?gn fﬁq#ggggﬁlpzﬁ pol ymer
coat ed hydrcellyrzsettserdntbhane i npl enent ati ons may al so be used for PRO
systens. The égference is that PRO generates osnotic pressure to drive a
turbine or ot energy-generating device. Al that would be needed is to
swi tch t qoé8gdi napfenestativdton plamengped dgddiblyzasmahbenege pir)icdaty t he sal t

wat er feed to the outsid ad. of sour water (for water
et mentseli DG St Gl e REb RS rRE b R icath Ehova et er s
to parti Gﬂzﬁlt@lpunﬂ’mh@ﬂﬂ'ﬁfdtfﬂtrhtwmdeshlﬁnaﬁblﬁblﬂ sda Wetct, padiidayiompfrananiinatddat a nunber

of nodifications na nngé thout departing fromthe spirit thereof and
t hat theé@u%W%W@ﬁ%ﬁ Q?Fﬁﬁ @?be al ternatively applied. The acconpanyi ng

CLAI M5 arjgos4nt endeebve0ingddidnt8d6Naraal [fhitedtid GRS radind@UFd ap@ichtiorst hi n the
true spirit and scope, of the dlsclosure set forth in this docunent. The

pr esent | Rafies @y esariptionreastaf Panplicerians iy {e theregpaplaypuposesohdiitered in al |l

respect s @glokhrk Ul Erﬂ%lbﬁﬂ@lt@tﬂﬁls RAY ak&BE fided W1‘[‘1’1‘381m1'la|i:I BesBIGORE vafiet) Beothdrscl osure
being indicated b ended” CLAI MS rather than the foregoing

DESCRI PTIagmicagrs. %ﬁra%g@ﬁ et wpéxm@féﬁ@ewm@lﬁzeﬁW@Hﬂ@éﬂmlmglempntaws RN GO of
equi val engysQffof B %nll\és TRE ﬁlffe%g@fé%‘at bﬁobg%né‘rﬁft‘éé Gic bRELA! @3-drivEAl M5 1. A

nmet hod of form ng a pol yner coated hydrol yzed rane conprising: formng
a menbr arerbine gnetherfanergy-ghyatstnp iy ire f?sld)th}hwul@pe ngeded isitoywighée fepdinat i on;
coatlng t r Iyner nor e
R R A R R LR
reject|onm¢®@9f$mandwmxp®sma@rtﬁmm@mamﬂﬁmmnnbrane to a high pH solutlon

ther eby f[6?65'§] ng Igpﬂx €8 waeye tﬁg desmllpt% ach\;ea}%tiePsQO Bgrgpdlﬁ‘qulementations, it

should be readily apparent that a number of modifications may be made without departing
from the spirit thereof and that these implementations may be alternatively applied. The
accompanying CLAIMS are intended to cover such modifications as would fall within the
true spirit and scope of the disclosure set forth in this document. The presently disclosed
implementations are, therefore, to be considered in all respects as illustrative and not
restrictive, the scope of the disclosure being indicated by the appended CLAIMS rather than
the foregoing DESCRIPTION. All changes that come within the meaning of and range of
equivalency of the CLAIMS are intended to be embraced therein.



2. The nethod of claim1l1, wherein formng a nenbrane froma first
hydr ophi Il i ¢ pol ynmer conprises formng an asymetric nmenbrane by imersion
preci pi t avoan1icemss8i sing a solid skin | ayer and a porou®CIaspant3ioayer. 3.
The met hod of claim2, wherein form ng an asymetric nmenbrane by i mrersion
precipitation conprises formng the solid skin layer conprising a thickness
of about 5 to about 15 m crons and the porous support |ayer conprising a
t hi ckness of about 20 to about 150 gjgies. 4. The nethod of claim 2,
wherein formng an astym‘re_tri c menbrane by i mrersion precipitation conprises
form ng tlhe séimethedeffomyyes Pdlprprdosich by doldeadgnenbreic coBPyHBg: of about 50%
or greater po M, : ;ﬁﬂé; F r mrlsing a
density of polkoi/fﬁg{rg a?%{%%&gboutrﬁ%%{’/%t?%dra 518%%10% %gll&ﬁgﬁ%%yréé%%é 5. The
met hod of cl areating themeandirgneootitd thig lnmomwm@rie/drmpziﬂicaolwmehmbmﬁéi of a
second hydrophilic i e | ol i LA r.of the
asymetric rrenbrantgg\%n%/ﬁggtht%%ﬁl?%}?@lﬁg@l&ﬂ%&égﬁg%h(%fh%o%%tﬁné%g’lagger nor e
pH t ol erant t bawsinpéefcoatsd mambtiraoptoi d high pid kglntam thaclyoiormiag d bpdrelyraj ect i on
| ayer. 6. The net hﬁ&atﬂ{rat?olnarilégqbzranemer ein form ng an asynmetric nmenbrane by
i mrersion precipitation conprises formng an asynetric cellul ose nenbrane
from a hydr opith¢ methoé bf ¢ldiosie wasitear fopahy metembyant filoerasfietrhydropilipi t at i on. 7.
The met hod of Cll aim6 vvhﬁr ei.n ex%osi n&.the coatbed menbrane.to.a high p
sol uti on conpP? Y8 WRPEET YT RE HEYIBEH [C T i B SRR EEON hi'gh
sol uti on t her efypridytiraaiol kg lagecdl lapbesk cupport tayed of the asynetric
cel lul os men‘%h%ane t {Cgr.m a hydrolyzed ultrafiltration nenbrane. 8. The
pethgh af 4 2

met hod of: cl ai oSt e 2 B UHIREP AR DIMPRiGh pH

sol ution conppicsBRatRROMbAGs tdHipané eflidRRRIMRAMRIsheaQhibkdebbb&M 5a PH of
about 12 or greater thereby formng a hydrolyzed ultrafiltrati on nmenbrane
9. The net hod !GPy l3i HicEns Hithe PO ETRPPHY 2Y 5 SOMBHBEMBICkRSHOLROR 39 | ayer of
a second hydr @pholid BoRQLYAEr conprises coating the menbrane with a 1 mcron
or less thick |layer of a second hydrophilic polymer nore pH tol erant than
the first* hydrbphicthp¢ ohdiipre whewsingfopming agjesygenctre] membrare hydpaiersian. The

met hod of cl ahihilitatYARbAbAseE PRdifdhd é'b%d@?i,m’i‘a{ﬂf‘ﬁon‘{ﬁrfsﬂl %d%ﬁﬁit?,okﬁ&?ﬁlepf a
second hydrophilic polyner conprises coating the mer‘r%rane Wi th a sul fonated
pol ystyrene pof 3hogoidtt g1 eerseripotyaier by pdhpererd theopérovsRuppaelages cpapising on

| ayer. 11. A I I,S},NQ: a porous

menbr ane for nggg%gg%%&ﬁ%g{ogﬁ%%%sﬁ? |d§gg%lo%&gorlﬁﬁ§%&ﬁ@é@gl on precipitation
and fromshydr dhysithpd phdaimglrivhane ety the magbans kith a thay Byersiippeonéd by a
support |ayer; and.a dense rejection | [ | i ed t he i.n layer and
forned t rom B RPITS shEPAE ARk BESRUFERLISE of Bt BRLE ( RX°F i Pot
hydr ophi | i ¢ peleyiveme witB a thih éayoesflarsacvad df droplalieopdigmerwh@e pHnolttaet thenbr ane i s

an asy tric the %1rs% rh?/'crllr%philic polymer to form a dense rejection layer.

H
pH

6. The method of claim 2, wherein forming an asymmetric membrane by immersion
precipitation comprises forming an asymetric cellulose membrane from a hydrophilic
cellulose ester polymer by immersion precipitation.

7. The method of claim 6, wherein exposing the coated membrane to a high pH solution
comprises exposing the asymetric cellulose membrane to a high pH solution thereby
hydrolyzing a cellulosic portion of the asymetric cellulose membrane to form a
hydrolyzed ultrafiltration membrane.

8. The method of claim 1, wherein exposing the coated membrane to a high pH solution
comprises exposing the coated membrane to a solution with a pH of about 12 or
greater thereby forming a hydrolyzed ultrafiltration membrane

9. The method of claim 1, wherein coating the membrane with a thin layer of a second

hydrophilic polymer comprises coating the membrane with a 1 micron or less thick

10



13. The nmenbrane of claim 12, wherein the asymmetric nenbrane conprises an
asymetric cellul ose nenbrane fornmed froma hydrophilic cellul ose ester

pol yrmer. woé.2ofigorsenbr ane of claim 12, wherein the ski nPCaymseoiaosss ses a
t hi ckness of about 5 to about 15 microns and the porous support |ayer
conprises a thickness of about 20 to about 150 microns. 15. The nenbrane of
claim12, wherein the skin |layer conprises a density of polynmer of about

50% or gr eat el BA) YU RBIonB Yy KO Iy AerinRe PARAMSNSHRRAL firsl ANREpHARNP! | Ses a
density of pola3}/’rrer roo% ai,) QI% r%%f}t,orabo%FQBO%%o | ymer 1rSy vol puma 16. The

menbr ane of cp@lmﬁlltszform@weieﬁ@mﬂeme rej ection | ayer conprises a _
thi cknesgof q*i?@h%th@yiimﬁ&ﬁlnl %eﬂeﬁ-{;@ga&uﬁgﬂhe fﬁgﬁbﬁié‘@z{tﬂggnﬁ’fa & @achha Wherein

t he dense rejection [ayer or rom a sul fonate ystyrene
pol yi sobut yl ehgdrmlglgq@oé)gpmcymms_es coating the membrane with a sulfonated polystyrene

polyisobutylene block copolymer to form a dense rejection layer.

11. A polymer coated hydrolyzed membrane comprising:

a porous membrane formed from a first hydrophilic polymer by immersion
precipitation and from hydrolysis, the membrane comprising a skin layer
supported by a support layer; and

a dense rejection layer applied to the skin layer and formed from a second hydrophilic
polymer more pH tolerant than the first hydrophilic polymer.

12. The membrane of claim 11, wherein the membrane is an asymmetric membrane.

13. The membrane of claim 12, wherein the asymmetric membrane comprises an
asymmetric cellulose membrane formed from a hydrophilic cellulose ester polymer.

14.  The membrane of claim 12, wherein the skin layer comprises a thickness of about 5 to
about 15 microns and the porous support layer comprises a thickness of about 20 to
about 150 microns.

15. The membrane of claim 12, wherein the skin layer comprises a density of polymer of
about 50% or greater polymer by volume and the porous support layer comprises a
density of polymer from about 15% to about 30% polymer by volume.

16. The membrane of claim 11, wherein the dense rejection layer comprises a thickness of
about 1 micron or less.

17. The membrane of claim 11, wherein the dense rejection layer is formed from a

sulfonated polystyrene polyisobutylene block copolymer.
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