Utrafiltration Menbranes and Met hods of Making and Use
of Utrafiltration Menbranes Cross Reference to Rel ated
Application The present patent application is related to
U S. Provisional Patent Application No. 60/726, 745,
filed on Cctober 14, 2005 which is hereby incorporated by
reference in its entirety. This invention relates to
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Ultrafiltration membranes are primarily used to concentrate or diafilter soluble
macromolecules such as proteins, DNA, viruses, starches and natural or
synthetic polymers. In the majority of uses, ultrafiltration is accomplished in the
tangential flow filtration (TFF) mode, where the feed liquid is passed across the
membrane surface and those molecules smaller than the pore size of the
membrane pass through (filtrate) and the remaining molecules (retentate) are
retained on the first side (upstream) of the membrane. As fluid also passes

through there is a need to recycle or add to the retentate flow in order to maintain



1 an efficient TFF operation. One advantage of using a
TI FF approach is that as the fluid constantly sweeps
across the face of the nenbrane it tends to reduce
fouling and pol arization of the solutes at and near the
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may be present while allowing most if not all of the product protein to pass
through the membrane. Additionally, it is necessary that the filtration not be
prematurely stopped or slowed to a uneconomically low rate of flow by plugging
of the porous filter. Practitioners in the field of membrane development have
found that to develop a membrane product with this desired combination of
properties is indeed a challenge.

In the prior art, viral removal membranes are typically ultrafiltration
membranes made to be hydrophilic and low protein binding by polymerizing a
crosslinked polymeric coating on the inner porous surface and facial surfaces of

the membrane. Without being limited by the following explanation, it is believed
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A more representative performance gauge of a virus retentive membrane is
the membrane area that is calculated according to the Vinax method. Millipore
Corporation has historically used the Vmax method for determining area
requirements for normal flow filtration devices (Millipore Corporation technical
note AN1025ENOQQ). This method is based upon a gradual pore plugging model
that assumes membrane plugging is a result of uniform constriction of cylindrical

membrane pores. The governing equation for the model is
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In addition, when filtering an aqueous protein solution, the ultrafiltration
membrane must be hydrophilic, that is readily wettable with water. A relevant
method to assess hydrophilicity of a membrane is to measure the critical wetting
surface tension (CWST) as described in U.S. Pat. 4,880,548, which is
incorporated herein by reference. Briefly, the CWST of a porous medium may be
determined by individually applying to its surface a series of liquids with varying
surface tension, such as aqueous solution of aliphatic alcohol or inorganic salts,
and observing the absorption or non-absorption of each liquid. The CWST of a
porous medium, in units of dynes/cm, is defined as the mean value of the surface
tension of the liquid which is absorbed and that of a liquid of neighboring surface

tension which is not absorbed.
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hydrophobic membrane is contacted with a solution of hydroxyalkyl cellulose and

a surfactant in a solvent such as water or a mixture of water and an aliphatic
alcohol. The solvent then is removed from the membrane by heating under dry

conditions to insolubilize the hydroxyalkyl cellulose.

It would be desirable to provide an ultrafiltration membrane capable of
removing virus from protein solutions which has a high throughput in that high
flux and low protein binding can be effected. Such a membrane would provide
effective and economical virus removal from large batches of protein solution. In
addition, it would be desirable to provide such a membrane which can be caustic

sterilized without negatively affecting its throughput.



U S. Patent 4,413,074 discloses a process for rendering
hydrophilic a surface of a hydrophobi c porous nenbrane
such as a pol ysul fone. The hydrophobic nmenbrane is

contacted wth a solution of hydroxyal kyl cellul ose and

a surfactant in Sﬂiﬂ&ﬁﬁfiﬁiﬁﬁgﬁfﬁﬁﬁﬁﬁiBﬂﬁr a m xture of

wat er and an ali - ent then is

removed fromthe nenbrane by heati der. dr

condﬁt‘e? BYRSeNS INVRSHPR Bf‘?\{';%‘? ¥ Il?éoqﬁfér}gwa N&SIPN @g hyghogBdic | ¢
ANHHLF Bat BRSIASDIR of QRIAHIAG Afotth 143 id 18tdoP8 WEREDE AR

capa in

renoving virus from prot SO utlons whi ch
thabthicknieisg Iu:ontroﬂmgbptthe thermiodyndingts offddinesamd ratoer fivad tlese n

bi ndi be effected. mh vi d
e reRtEhA ol Relnerieaiin o el dBviD Breicr 2eBESEh: ches
béwveehca Wd’roﬁﬁlhébb%eﬂéhd augtitdPRbid suriid id shengesitialjreatly

provide such a nmenbrane whi ch can be caustic

reﬁlueed pfteethedirshigyer isdganed.drgcaasedoe ipatymerson theosigfanethas

reprbta st SLERUEN R s g P MR sl bR hoa

a fHeprod9aaim® dhviag sicansd ireémbye oivieat é@w@r@ t@ BUCh@obahér.
wal |'s, and _that thickness controlled by

Thip&enRsdiprnit the lsyernahibsi fbfrsiromah%e@lym@atan@r@ve Srsoosantially
urg%htlﬁrc,eoa(%g@'l %’éﬁ&dré él%?ghrﬁgmdgﬂ!ozgr? oW éé’t(‘q@ﬂoﬁ orce for

esl on ner and a hydr ophobi c
sur fHuepresest mvegtiomatsol grogideatd yollavefibereat skfeet or ihitayer or

st Ia er is forned, because the pol r on the surface
miser S5 RS HSUBPORsH VBTG Mg TRIAYF farad Ol orous
?FHb‘f‘Qﬁ@sQ@étYé@rr%v Adodiee omeE@ﬁP\‘)éBé‘mlr?oHé'eYﬁH&:%lment

orce to renove solvent to a ere to such pO yne
ofttBisdgverdidni, the ultraltiatipermembrare Wﬂpnqm ainoulplely grrerenzordne

iR R Byatendal s bas S deptaiind h ubfadsipore

s@é fRgBf Phdre adehR]d saveldiRebf Ple Bl8Mirafbn Hslt}‘e'r ayels &8cond
mul trl ayer, supported or unsupported ultrafiltration

Iav&%rnmrpa Sfaawmwrbioréhepultmﬁratmrigy%rriaem:ysmrpwdmgw&WIhhgacéded
StTEHRA WAL R Bb e Rk Brcafy SRR PRy 0
Thwlrhek@ryt@/r hyteoptich€ substrate surface is rendered hydrophilic by
immobilization of a hydroxyalkyl cellulose onto or into the substrate surface. The
scope of this invention is not limited by a particular mechanism of immobilization
of hydroxyalkyl cellulose on membrane surface. It can be immobilized by

adsorption, coating, cross-linking, chemical linking to the surface or the like.

In one embodiment of this invention, the multilayer membrane is formed
by cocasting two or more polymer solutions onto a support layer. The polymers
for the membrane include, but are not limited to, sulfone polymers, such as
polysulfone, polyethersulfone, and polyphenylsulfone. The multilayer solutions
then are contacted with a nonsolvent for the polymer layers to effect coagulation
and pore formation of the polymer layers thereby to effect the formation of the

substrate multilayer membrane utilized in the present invention.
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DESCRIPTION OF SPECIFIC EMBODIMENTS

The hydrophobic substrate membrane utilized in the present invention can be
hollow fiber or sheet or unilayer or multilayer and can be supported or

unsupported.

When utilized, the hydrophobic multilayer substrate membrane in the present
invention has at least one ultrafiltration layer and at least one support layer and is

made by cocasting a plurality of polymer solutions, such as sulfone polymer
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faster in the coagul ation bath. After formation, the
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palpdecseas agliferieypolyatess saths as polysubone epayetarctsulfosa or

polyphenylsulfone, polyamides, polyimides, polyetherimide, polyethylene,
polypropylene, polyvinylidene difluoroimide or blends thereof or a blend thereof

with a hydrophilic polymer such as polyvinylpyrrolidone or the like.

Suitable solvents include but are not limited to dimethylsulfoxide,

dimethylformamide, dimethylacetamide or N-methyl pyrrolidone.

Examples of the many porogens have been used in the art, include but are not
limited to compounds such as formamide, various alcohols and polyhydric
compounds, water, various polyethylene glycols, polyvinyl pyrrolidone and

various salts, such as calcium chloride and lithium chloride.

After the solutions are made, they are applied to a moving support carrier. For

an unsupported membrane, which does not have a web attached to the final



optionally be dried. For sinplicity, the process of
meki ng a nmultilayer cocast conposite wultrafiltration
menbrane will be described for a two | ayer exanpl e.

Al t hough three or nore Iayers may al so be made by t he
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escri rence to sulfone polyners
replaced, if desired, by a more subtle change in pore size between two adjacent

layers with a cocast process. Such an interfacial zone is beneficial for the

retentive behavior of the overall structure of the multilayered membrane.

After the layers are cocast onto the moving carrier, the carrier with the liquid
sheet is immersed into a liquid that is a nonsolvent for the polymer, and is
miscible with the solvent and porogens. This will cause phase separation and

the formation of a porous membrane.

The formed composite membrane is then usually separated from the carrier
and washed to remove residual solvent and other material. The membrane can
then be dried. Ultrafiltration membranes are usually dried with a humectant, such

as glycerine, by first immersing the washed membrane in an aqueous glycerine



Application can be done by any standard method. The
object is to coat a first sulfone polyner solution onto
the carrier and a second sul fone pol yner solution upon
the first solution. A highly preferred nmethod is
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a
usin@ §18 Bracess chiEa preseniiny ARl thimaarkiew @r&ﬁelﬁ@lnqh@@aggé}jher
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adj acent layers with a cocast process Such an
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carrier, the carrier with the Ii is inmmers

havingaa LR\qvalyetartetaiging ‘ﬁﬂiﬁsﬁl aﬁéﬂ%Stfdo@ Qrﬁéerabllymas@n@
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unect ant such cerilne I mer sin
(B resdiutioemibrRifke A balffeamfébmwl glaﬁiephi ne2)xhabtan berﬁuterﬁd at 30

o BEH beasRinS L0 LA BB s g o TR e
ustcterelr, Yhd tbrive cRieteTodliMRNBRYrs t® a condition of the membrane
wherein 10% or less of the original flux of the membrane is observed when
effecting filtration with the membrane to attain a virus retention of initial LRV of
4.0 or greater. It should be understood that protein feeds can be highly variable,
and the observed throughput can be higher or lower depending on particular
protein lot and its manufacturer. However, the improvements in membrane
throughput when compared to commercial membranes or membranes prepared

according to the prior art, will be similar within a particular protein lot.

Other testing feeds can also be employed in throughput testing. Since one

of possible applications of virus filtration membranes is purifying solutions of
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remove the majority of the water and to | eave sufficient
gl ycerine to prevent pore collapse. Alternately,
substrate nenbranes can be fornul ated by bl ending a
hydr ophobi ¢ pol yner with a hydrophilic pol ymer wherein
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30
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attaln lrus retention o I nit
argi Bs@ne cases haslicize @r dissehst @edlfcnrlrmpolprrmreuTﬂneﬂwhiephmo

variabl e, dthe o erved t hr.ou ut, can,b
mifiaver Shfor R e e PRl SHARED T Py S or SRR
cdllufosEedsd e A B ateri@navia iure s Wé’@f QN@ @ﬁrﬁlﬁarﬁdﬂ siERcane
t hroughput when conpared to commerci al nmenbranes or

iseRiopy baleer dparieferertemipdiNeny of tieispavasttioar hydiaxyprapy!
ceflyBsEh LR L 8 (B0r R oA orBrAB ™ d B30 FhBlsbs3h oo

an al so estin
is fitized®flt pasSBEdh &mwpﬂhlac ahumeagé invinetsorbhé tir@lighput for the

suqfearé%rr%ggl?leldsmgr%{alrafn)g |rs]gob?a(1)llng<tj I\:»(f)hrc]-:-sn &Thzmg this solvent composition
and hydroxypropyl cellulose. The time of soaking is carefully chosen, since it has
to be long enough to ensure that the substrate surface is well covered, and not
too long to dramatically affect flux. The preferred adsorption time is 2 to 60
minutes. Another important time consideration is manufacturability of hydrophilic
membrane in a continuous fashion, which requires the soaking time to be
reasonably short. U.S. Patent 6,214,382 teaches that the contact time between
the membrane and the modifying solution should be not less than 10 minutes,
which is prohibitively long for most continuous membrane operations. In
accordance with this invention, it has been determined that performing

immobilization of hydroxyalkyl cellulose on the membrane surface using the
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10 nonocl onal antibodies, it is desirable to test

hydrophilic nenbranes with solutions of relevant

proteins, such as 1gG A comercially avail able sol ution
m xed 1gGs derived from human bl ood serumis supplied
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enbodi pent of . this invention, hydroxypropyl ellul ose in
healeq CIBRUDS DERIREOVEYSIN euerants Ohwatds osstaam Syeh as in

i I i L | f an
iR RPRARY ordh BXBam difddphbic’Siin df aRBRINETR ol @HTKerbdiy 27
betwebnateut 408baai rebduhiidd’Gitpreferably betivees abegh®0°C and about

it . hyd | R T [
180y sHBesfed it 7 (A e RBgprigare! | RESC). Meseestigund
thahey albtdchaeits I Betdratetdieotiet bR drastdnidrgR] the
covered, and not too long to dramaticall % affect fl ux.

Merer e Mepeibng weder puifape Mosfiadmentsases havingteesignificantly
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ro rane’ 1N a contil nuous
or'teGhémeraridsewihienldraautodi@vddinliBe abeaacmablvateswrsteart. Bhas

algg tbgg% fgdr?dlﬁﬁa??hze Fn%%:g]rggeg t[]rzcjl,tatefdhi% a(l:c%rc]atr<:I(’Jla(1:r¥cet\jvirtrrtme thbig tir\{\\;ee%[t]ion
has a higher Critical Wetting Surface Tension (CWST) than those obtained by
simple adsorption of hydroxyalkyl cellulose such as hydroxypropyl cellulose
(HPC), without autoclaving in the presence of water or steam or by being
submerged in boiling water of, usually by about 3-4 dynes/cm. The data
obtained on polyethersulfone films indicates that treatment of adsorbed HPC with
hot steam significantly reduces dynamic water contact angles, most notably
receding water contact angles (from about 30 degrees to about 9 degrees),

which is a manifestation of a greater hydrophilic character.

Another indication of membrane improvement upon autoclaving in the

presence of water or steam or by being submerged in boiling water is the relation
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Due to the increased throughput of the membranes of this invention, the

filtration of protein solution to remove virus with these membranes provides

significant advantages in that the membranes can be used to filter larger

quantities of protein solution, and higher flux will shorten the time of filtration as

compared to the membranes of the prior art.
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The throughput was 2152 L/m? as measured with1.45 g/L solution of BSA

(Serologicals Inc., Temecula, CA) in the same Difko FA phosphate buffer solution

that was filtered through the membrane at constant pressure of 30 psi.
Comparative Example 1a.

The procedure described in Example 1 was followed without subjecting
the membrane to boiling water after modification. The membrane had a CWST

of 74 dynes/cm.
Comparative Example 1b.

The procedure described in Example 1 was followed with aqueous
solution containing 1% hydroxypropyl cellulose, with no alcohol deliberately
added.

Comparative Example 1c.

The procedure described in Example 1 was followed with 1% solution of

hydroxypropyl cellulose in isopropanol.
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era dre. e menbrane was soaked in this solution for

elgf( frI solution and rinsed with deioni zed
orfrrgerag?/ﬁ] WFP Jentle agitation. It was then

pla in boili ter. for 1 in and dried at room

P enmpaiePhedure, dosiiest in daniRie d s Talloecitarutsioma. e
méfBPAE Wit ¥R ld w%ier7a?té?'3é6§§/n m  Menbrane flux was

recorded to be 33.3 L/ -pSt by neasuring flow of Difko
I?a%e buffer solutlon(150 mM NaCl, pH 7.2) at 30
pSI cons pressure. The t hroughput was 2152 L/nR2 as

as ' . r i.cal

e AV e et Yo iRk le v Stk TR R A R o
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constant pressure of 30 psi. Conparative Exanple 1
followed by contacting the two layers with water to form an ultrafiitration Iayer and
a microfiltration layer. The substrate membrane had an LRV of 4.0 for PhiX174
and water flux of 80 L/m?h-psi. The substrate membrane was immersed in an
aqueous solution containing 0.5% of hydroxypropyl cellulose, 20% isopropyl|
alcohol, and 0.023% surfactant Zonyl FSN (DuPont, Bridgeport, CT) at room
temperature. The membrane was soaked in this solution for 2 min, removed from
solution, excess solution was nipped off and the membrane was heated at 120
deg. C for 15 min. Membrane flux was recorded to be 41.8 L/Im*h-psi and the

throughput was 1608 L/m>.
Example 3.

The procedure described in Example 2 was followed. The membrane was

immersed in boiling water for 5 minutes.

Table 1. Membrane flux as recorded by measuring flow of Difko FA

phosphate buffer solution (150 mM NaCl, pH 7.2) at 30 psi constant pressure
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cocasting t ol utions of %gzyet her sul f

Ne et hyl pyrr olidone followe hy cont acti the two
ExampelesTani th vater t238rman Ul trafdd8dation |ayér3and &

mcrofiltratilon |ayer. The substrate nenbrane had an LRV
Exgmple0itf or Phi X174 3thd wat er [fl ux 169080 L/|nRh-p$H.3 The

substrate nenbrane was i mMmersed in an
Example 1c 20.8 1665 5.0
Example 1d 11.7 2021 6.0
Example 1e 38.2 2185 3.4
Example 1f 26.3 2232 3.8
Example 2 41.8 1608 4.1
Example 3 54 .1 2719 2.6
Single layer of 449 475 11.6

commercial
Viresolve® NFP
membrane
(Millipore
Corporation)
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aqueous sol ution containing 0.5% of hydroxypropyl
cel lul ose, 20% i sopropyl al cohol, and 0.023% surfact ant
Zonyl FSN (DuPont, Bridgeport, CT) at room tenperature.
The menbrane was soaked in this solution for 2 mn,
renoved from solution, excess solution was nipped off
and the nenbrane was heated at 120 deg. C for 15 mn.
V\)%Errbra e flux was recorded to be 41.8 L/ nRh-psi and the
R WESHBLY was 1608 L/ nR2. Exanple 3. The procedure
described in Exanple 2 was followed. The nenbrane was
imrersed in boiling water for 5 mnutes. Table 1.
Menbrane flux as recorded by neasuring flow of Difko FA
phoshhAtwrustrefentiveallnafilvatigri 5@ nmisviaNe Glayving-a hydiophiliczuriase

ang o BRI BE P! Bt 7.63PEPhEf AP GRIEh, @inaTed At il
substriafe et aRe fHeRir e BOASE Hpd Buffdes bsplgUthasrdd@idrogisilic
filtered thr ou?h the nenbrane at constant pressure of 30

wis p hyarquy@lkyhrelihlase easy hy gigrerhihsoriacs beipgitieaiesdiea step

ol ' . g
slsdia gk b M ROR o fFBCIARY s pligsdioy drBleam or
wateangnce(b) subaterdinglif@®ofing wabeanphiel dtafftaiord GEmibrabe having
Exanple | d 11.7 2021 6.0 Exanple le 38.2 2185 3.4
a@(ﬁ%@ﬂﬁeé@r@%@@@.‘@%{aﬁpl e 2 41.8 1608 4.1
Exanple 3 54.1 2719 2.6 Single layer of 44.9 475 11.6

2. The ultrafiltration membrane of Claim 1 comprising a multilayer
membrane including a microfiltration layer having an inherently hydrophobic
surface which is rendered hydrophilic with a hydroxyalkyl cellulose

3. The ultrafiltration membrane of Claim 1, wherein said hydroxyalkyl

cellulose is hydroxypropyl cellulose.

4. An ultrafiltration membrane having a hydrophilic surface which
comprises a substrate membrane having at least one support layer formed from
a first sulfone polymer having a first outside surface, an ultrafiltration layer
formed from a second sulfone polymer having a second outside surface, said first
outside surface and said second outside surface being rendered hydrophilic with
a hydroalkyl cellulose, said hydrophilic surface being treated to a step selected
from the group consisting of (a) autoclaving in the presence of steam or water;
and (b) submerging in boiling water; said multilayer ultrafiltration membrane

having a throughput greater than about 1000 L/m?.
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commercial Viresolve(r) NFP nenbrane (MIlipore
Corporation) 16 Whaat we Claim 1. Avirus-retentive
ultrafiltration menbrane having a hydrophilic surface
and an initial LRV of at least 4.0 for Phi X174 which

conp, ultrafilL.tration ubstr ane havij a
o P 378 syt Mlrebhiabh Serbtare HRHIP P oren Said ey
sUMBAB PN dﬁhéNén@@bid%é@;‘éﬁd s%ﬁbﬁe'b)bﬁfn@é%lthé%aﬁw&ﬂﬁﬂ]eb@ély‘rﬁer
treated to a step selected fromthe group consisting of
(a) autoclaving in the presence of steamor water; and

(b) subnmerging in boiling water; said uItrafiItration

L/ no° a;ﬁew |Iré?? F]tr%tﬁ Fgﬁérﬁg ng"ﬁ?et Cfapﬁg %%V%ln]s%%) sulfone

palpimipr isspaigsuifomel t i I ayer nenbrane including a
mcrofiltration |ayer having an inherently hydrophobic
surface which is rendered hydrophilic with a hydroxyal kyl
cellulose 3. The ultrafiltration menbrane of C aim 1,

Whefﬁ' Thé %Lﬂtulﬁng Qmﬂltr‘é‘ﬂbn R&hbEARS6r C%urﬁ@ W?éY@uh%Ycﬂ sulfone

cel lul ose ultrafiltrati on nenbrane having a
pdiymieoshpdlyethsauifane. whi ch  conpri ses a substrate nmenbrane

having at | east one support layer formed from a first

sul fone pol ynmer having a first outside surface, an

ultrafiltration layer formed froma second sul fone

pol y@reThbamiltigyer sieefittiontsémBrariy daCrRim smthdréindither said
out si de surface and said second outside surface being

firsesidnecPNyaPoph#aIA SSRPDA SUKOME BPYEISLYS PEWEHIPRZe, said
hydrophilic surface being treated to a step sel ected
fromthe group consisting of (a) autoclaving in the
presence of steamor water; and (b) submerging in
boi 19. n@hwamwﬁIayeaumaﬁihnatibhay@nb[ﬁrtercaff(DIaimadt wireremrditrensaid

f|rsfa sul'rno%e pol)r/]rl;lg}J 8P gaud s%%ggctj %Ilefcgrrl]é31 Bof?/ernoel#tls ngthl'e/rg&fone.

10. The multilayer ultrafiltration membrane of Claim 4, having a

throughput greater than about 1500 L/m?.

11. The multilayer ultrafiltration membrane of Claim 4, wherein the

hydroxyalkyl cellulose is hydroxypropyl cellulose.

12. The multilayer ultrafiltration membrane of Claim 10, wherein the

hydroxyalkyl cellulose is hydroxypropyl cellulose.

13. The process for forming an ultrafiltration membrane having a

throughput greater than about 1000 L/m? which comprises:
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17 5. The nmultilayer ultrafiltration nmenbrane of Claimi4
wherein said first sulfone polyner and said second

sul fone pol yner are the same sul fone polyner. 6. The

mul tilayer ultrafiltration nenbrane of Claimb5, wherein

sald ul f one olyner, is | ysu] f ane. mul til ayer
o vlad e P B3Rt e BRraga e BS 2 frasl BRe it Prdlbis ne
pol Vapér fioPmBa et Bq’rré}ttﬁd)cfl%@r h8vinghefirsubtiisi®y Qlirface, and an
ultrafiltrati on menbrane of daim4, wherein either said

fi r sultrafitraber laysr jorsredbirorme geewchpelymer henmgpooerid petside
poI %ﬁf%%ne 9. The nultilayer ultrafiltration menbrane
4, wherein either said first sul fone pol ymer of

d d sul | ol yet h |
f’rﬁ‘lt ) SrRactG bR sV OR SRR A s ERie tsick swiRte
t hr auigh BWol @opedfed h%cﬂ‘f@ﬁyéﬁhﬂlﬂelléﬁ)@@ té/a@%orbléaldﬂwroxyalkw

multilayer ultrafiltration nenbrane of C aim4, wherein
t he Ceiy P ley inte sl difinss euisidensidifase/and pgid sesond|cstside
12. Ti}%cgultl layer ultrafiltration nmenbrane of Caim 10,
whergl h hydr oxyal kyl cellul ose is hydroxypropyl

RN e R N R A R
L/ memuhibedns RTBFdRRE ‘a d#fd@ mBHRCHEUBStrateSHeRidrahs.
menbr ane having at | east one m croporous |ayer forned

fro’(‘dlﬂ?t ?tﬁ%ll{y@?k@ﬁé’q@%ﬁﬁ ?hcfd e%%:sd’déttfsdté’?n Brfa%%eto 8 a

ayer om a seco pol ymer
haviary raocﬁﬁe@nsdbsmaateirdembméamé (b) contacting the
first outside surface and said second outside surface

Wi t f(eat sabjectin® theaéuraactwmbdxheall d\pistratd nehtisrané droateindr step
sai d 0%drox aIk cellul ose onto or into said first

out &, e%(ﬁf%{@é I%@ 7 §taReRIRated T dae 95 grnsisting of (1)

autoclaving in the presence of steam or water; and (2) submerging in

boiling water.

14. The process of Claim 13, wherein step (e) is conducted with boiling

water.
15. The process of Claim 13, wherein step (e) is conducted with steam.

16. The process of Claim 1, wherein step (e) is by submerging in boiling

water.

17. The process of Claim 13, wherein the hydroxyalkyl cellulose is

hydroxypropyl cellulose.
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(c) optionally renoving excess hydroxyal kyl cellul ose
fromsaid substrate nenbrane to produce a surface
nodi fi ed substrate nmenbrane. (d) optionally drying said
surface nodified substrate nenbrane to forma dry
nodi fi ed substrate nenbrane and (e) subjecting the
surface nodified substrate nenbrane fromeither step b,

step (c) or step (d a step selected fromt gr oup
consl ét ?”H% pé‘?CG(Sf)fg EQE'EV‘B?Q auyigleyar vige 'B%‘Q@ﬁﬁ%mgfa%ﬁ lRayng a

thR8u ?breeﬁ@rdth(a%)abﬂdﬁ%bg'mz Wﬁlcrpg%#bﬁgeé’*’ater 14. The

process of Caiml wherein step I's conducted with

b I

0o o B AR AR A e il
wherlaye;r fotrapd (fm)m aa‘urbysuﬂimh&m@ymgr havubg id firsgouteleesurfaké,
The process of 13, wherein the hydrox

cel 1N LH'Eraf”Ff?H%W fyprecEpma seeond aul ® g‘ﬁtémﬁf bawsg a

for é&)%r&tgdgléuflabéyer ultrafiltration msnbr ane havi ng
a roughput greater’ than about 1000 L/nQ whi ch

B JENLBRG B SHESLRLAIBANCO RGPl

I ea ohe M C or e one
pol ywith alsavitiog &f 4 hy@bxpalkﬂlcﬁwumeftawsortamidmdroxyalkyl

ul trafi Itrat| on layer formed froma second sul fone

pol ;Fr?éH Q$8V3THE OA INte SEishiir sbabiSIdfsWirgesRed SRig)SECORE AL FIAG
the sk outside surface and said second outside surface
with a solution of a hydroxyal kyl cellulose to adsorb

oot S sy P ST BRER BIBL e BsE Pty tdib R potrate

opt i memlbrane tmpmdmge@(demddmmyjadb;stramednmeSﬁef rom
said substrate nmenbrane to produce a surface nodified

subs(d abgomE VMg said surface modified substrate membrane to form a
dry modified substrate membrane and

(e) subjecting the surface modified substrate membrane from step b, step
(c) or step (d), to a step selected from the group consisting of
(1)autoclaving in the presence of steam or water; and (2) submerging in

boiling water.

19. The process of Claim 18, wherein step (e) is conducted with boiling

water.
20. The process of Claim 18, wherein step (e) is conducted with steam.

21. The process of Claim 10, wherein the step (e) is by submerging in

boiling water.
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(d) optionally drying said surface nodified substrate
menbrane to forma dry nodified substrate nenbrane and
(e) subjecting the surface nodified substrate nenbrane
fromstep b, step (c) or step (d), to a step sel ected
fromthe group consisting of (1)autoclaving in the
presence of steamor water; and (2) subnerging in
boiling_water. 19. The process of C aim18, wherein ste
(o) 43 Conatedass SQIANbAP Whe eiRaBIvers i RS RdaStes ()
i j whed el t [ mrg{#ff- ith steam 21.
IST éeiég%ri@ggs ofﬁeél a@r?%%(,gq%ev?gi}glt ebgﬁ%w (e) is by
subnerging in boiling water. 20 22. The process of Caim
18, wherein a solvent for the solution in step (b) is

t bet t d 10 | o % i l.. 23.
The 5 oLhe SFeresarbitiailh 18, ABPin e Dot Ry DR s
hy@;ﬁb@b@p@ t&luldnedr oxyl propyl cel lul ose. 24. The process
of aim 22, wherein the hydroxyal kyl cellulose is

hydr oxyl propyl cellul ose. 25. The process of C aim 18,
wherein said first sul fone polyner and said second

sul fone I ; I
cam Bl ToRLssETIbr 22 et MRy iky AR
hydraxyiprbpy| edlkiesen said first sul fone polynmer and said
second sul fone pol yner are the sane sul fone pol yner and
the sane sul fone polyner is polyethersul fone. 27. The
process of Claim 18, wherein either said first sul fone

POl VI8 TRE préctisd FEIans 18 Wvhersn RAIMATBY sulforROdIpMEF BAG said
28. The process of Claim 18, wherein either said first
sesgnticifope Ipphneroare thaisamseswianespolymee apdisgitksams sulfone

pAPRUPINES TS

26. The process of Claim 18, wherein said first sulfone polymer and said
second sulfone polymer are the same sulfone polymer and the same sulfone

polymer is polyethersulfone.

27. The process of Claim 18, wherein either said first sulfone polymer or

said second sulfone polymer is polysulfone.

28. The process of Claim 18, wherein either said first sulfone polymer or

said second sulfone polymer is polyethersulfone.

29. The process of removing virus from a protein solution which

comprises contacting the protein solution with the ultrafiltration membrane of
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29. The process of renmoving virus froma protein solution
whi ch conprises contacting the protein solution with the
ultrafiltration nenbrane of 21 Claim1 under conditions
to effect retention of said vi rus on sai d nmenbrane and

Clatner 4 SHOTERS B erBECT ottt P Bikriftane and

to@f@c@bés%ﬁé@ﬂ otk ||r¢Bquﬁ@rﬁTMrb§|QIS séRNinefidraget he protein
solution wwth the ultrafiltrati on menbrane of Caim4

under conditions to effect retention of said virus on
said nenbrane and to effect passage of protein in

S0l 144 ofint oAl JALACTRINARS oty oA RARARASYAEN

renpving virus troma eln so conpri ses

cahovi sect ¢cnﬂad:th@ ﬂheqﬁretem solutibh avithwhehultrafitration efanhibraatiain
menbr ane of e?f@under conditions to effect

CIRDdhitian conclisna ToicT 6! SRIAiol RAB RS SRdd MomaireBe and
toRARERBES ladbKrBidn sl HEBLbAsANBReARrngenbr ane. 32

e p ocess of renoving Vvirus oma protelrn solution
V\,hl ch conprises contacting the protein solution with the
uItrafiItration menbr ane of Claim18 under conditions to

eﬁ ﬁtent on f sadvruso rz{mﬁl to

ef fe {'5 %85%?5&0 PPOPENS Y'HSS 6‘1”0@1 %rr‘i’ ?'Hrsé? 'ﬁ’” LG
compided®ontdating the protein solution with the ultrafiltration membrane of

Claim 13 under conditions to effect retention of said virus on said membrane and

to effect passage of protein in solution through said membrane.

32. The process of removing virus from a protein solution which
comprises contacting the protein solution with the ultrafiltration membrane of
Claim 18 under conditions to effect retention of said virus on said membrane and

to effect passage of protein in solution through said membrane.
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