Utrafiltration Menbranes and Met hods of Making and Use
of Utrafiltration Menbranes Cross Reference to Rel ated
Application The present patent application is rel ated
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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novel nethod of manufact ydHhABrsfidgh nmenbranes and to the
use of the nenbranes. More particularly, this invention
relates to ultrafiltrati on nenbranes having a nodified
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retained on the first side (upstream) of the membrane. As fluid also passes
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M croporous nmenbranes are primarily used to renove
particles, such as solids, bacteria, and gels, froma
liquid or gas streamin dead-end filtration node.
Utrafiltration nenbranes are generally skinned
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hi gher flux through the nmenbrane and Iom1prote|n bi ndi ng
of menbrane surface both | ead to higher throughput.

Thr oughput val ues of a given,nenbrane vary greatly
dependi ng on the type and cogcentration of protein used,
pressure, ionic strength and other test conditions. Under
typlcal process condltlons satisfactory ultrafiltration
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(1) /yr = (ty[linriax* A +11[0i* A] whereA = filtration
area (n2) V = Process Volune (L) Vn{ = Qbtained from

I nverse slope of a plot of tNvs. t (L/n2) C; = Initial
Vol unetric flowrate (L/mn*n2) tb = process tine (mn)
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cdridilinigheoatinpapickesewvas sbLyhtrax) and the flowtime term
(1/(0,*th)) should both be used. Ignoring the flowtine
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(LRV), the number of times 10 must be multiplied to obtain the ratio of virus
concentration in the feed to that in the filtrate. For example, a membrane with
LRV of 4.0 means that it is capable of reducing viral load by a factor of 10,000
(10%). Throughput is defined as volume of protein solution that can be passed
through a given area of membrane before complete fouling occurs. As used
herein, the term “complete fouling” refers to a condition of the membrane wherein
less than 10% of the original flux of the membrane is observed when effecting
filtration with the membrane to attain virus retention of an LRV of 3.5 or greater.
It is generally observed that higher flux through the membrane and low protein
binding of membrane surface both lead to higher throughput. Throughput values
of a given membrane vary greatly depending on the type and concentration of
protein used, pressure, ionic strength and other test conditions. Under typical
process conditions, satisfactory ultrafiltration membranes have throughput of
about 1000 L/m? or greater.

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



In addition, when filtering an agueous protein solution,
the ultrafiltrati on nmenbrane nust be hydrophilic, that is
readily wettable with water. A relevant nethod to assess
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880, 548, which is |ncorporated herein by reference.
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This tends to limt the |layer of the hydrophilic polymer
and give a substantially uniformcoating on the pore

wal l's, thus minimzing flow restriction. The
present invention also provides a hollow fiber or sheet
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For sinmplicity, the process of making a nultilayer cocast
conposite ultrafiltration nenbrane will be described for
a two |layer exanple. Although three or nore | ayers nay
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then be dried. Utrafiltrati on nenbranes are usually
dried wth a hunmectant, such as glycerine, by first
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For simplicity, the process of making a multilayer cocast composite

ultrafiltration membrane will be described for a two layer example. Although three
or more layers may also be made by the same process. The preferred process
comprises the steps of making two polymer solutions, such as two sulfone
polymer solutions, one for each layer. Solutions for making porous membranes
by immersion casting usually consist of a polymer, solvent and additives to
modify and control the final pore size and porous nature (i.e., percent porosity,
pore size distribution, etc.) of the membrane.

Suitable inherently hydrophobic substrate membranes can be formed of such
polymers as sulfone polymers such as polysulfone, polyethersulfone 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
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tight structure can lead to undesirable fast accumulation of retained solute at the
interface and consequently a drastic flux decline. A sharp interface can be
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



The procedure described in Exanple 1 was fol |l owed w t hout
subj ecting the nmenbrane to boiling water after

nodi fi cation. The nenbrane had a CWST of 74 dynes/cm
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polyethersulfone and polyvinylpyrrolidone. Membranes that are made in this
fashion are usually inherently hydrophilic, however they can be further modified
using the process of the present invention to impart low protein binding and other

properties.

The present invention provides a caustic resistant, hollow fiber or sheet
unilayered or multilayered, supported or unsupported ultrafiltration membrane
having an LRV value for retaining virus of at least 4.0, preferably at least 5.0,
having a hydrophilic surface and having an initial throughput of 1000 L/m? or
greater, preferably 1500 L/m? or greater and which are made with the surface
modified hydrophilic polymer membrane described above. The term “throughput”
as used herein means the maximum volume of 1.45 g/L Bovine Serum Albumin
(BSA) solution in Difko FA buffer (150 mM NaCl, pH 7.2) that can be filtered at 30
psi constant pressure at 22 °C through one square meter of the membrane. As
used herein, the term “complete fouling” refers to 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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Conparative Exanple 11 The procedure described in
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and in some cases plasticize or dissolve a sulfone polymer. The hydrophobic
multilayer sulfone polymer membrane is soaked in a solution of hydroxyalkyl
cellulose dissolved in water or a mixture of water and an alkanol such as
isopropyl alcohol. In a preferred embodiment of this invention, hydroxypropyl
cellulose in water and 5 to 100 vol.%, preferably 10 to 30 vol.% isopropyl alcohol
is utilized. It has been found that an increase in membrane throughput for the
surface modified membrane is obtained when utilizing 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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Fl ux (L/n2h-psi) Throughput (L/n2) Area required (nR)
Example 1 33.3 2152 3.6 Exanple la 22.5 2080

conditions described herein allows shortening the time to practically 3 minutes. In
a preferred embodiment of this invention, adsorption time of about 2 to 10
minutes is used. The resulting surface modified membranes can, but are not
required to, then be washed with excess solvent (i.e., a modifying solution minus
the modifying polymer) for preferably about 2 to 30 minutes to remove excess,
noninteractive polymer. Alternately, the membrane can be dried right after
soaking in the modifying polymer solution and then subjected to the heat
treatment in hot water and/or steam described below. The resulting product is a
membrane comprising the substrate membrane most of whose surfaces are

modified by adsorption of a very thin layer of the hydroxyalkyl cellulose.

The modified multilayer membrane then can be optionally dried at room
temperature. In the final process step, the surface modified membrane is then
heated either by being autoclaved in the presence of water or steam such as in
boiling water or in a steam atmosphere or in an autoclave at a temperature
between about 40°C and about 140°C, preferably between about 90°C and about
122°C or is submerged into a bath of boiling water (100°C). It has been found
that by autoclaving in the presence of water or steam, or submerging the
membrane in boiling water, surface modified membranes having a significantly
improved flux are obtained as compared to membranes that are not autoclaved
or to membranes which are autoclaved in the absence of water or steam. It has
also been found that the membranes treated in accordance with this invention
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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4.3 Exanple Ib 39.7 1190 5.3 Exanple Ic 20.8 1665 5.0
Exanple Id

between water and air flow through the membrane. Water flow is obviously
measured on a wet membrane, thereby characterizing the hydrophilic coating in
the hydrated, swollen state. On the other hand, air flow of dry membrane is a
measure of membrane modification without taking swelling into account. Air and
water fluxes of modified membranes before and after treatment with hot steam
were compared. While air flow does not change significantly (suggesting that the
modifying polymer is not removed to an appreciable extent), water flow improves

dramatically, which indicates that the modifying polymer is now less susceptible

to swelling.
Ratio of water flux of Ratio of air flow of
hydrophilized membrane | hydrophilized membrane
to that of phobic to that of phobic
membrane (25 psi, 20 membrane (10 psi, 20
deg. C) deg. C)

Membrane modified with 32.7% 85.6%

hydroxypropyl cellulose

and not treated with

water steam

Membrane modified with 48.3% 89.8%

hydroxypropyl cellulose

and treated with water

steam

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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11.7 2021 6.0 Exanple le 38.2 2185 3.4 Exanple |f 26.3
2232

The following examples illustrate the present invention and are not

intended to limit the same.
Example 1.

A two layer polyethersulfone substrate membrane was made by cocasting
two solutions of polyethersulfone in N-methyl pyrrolidone followed by contacting
the two layers with water to form an ultrafiltration layer 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 1% of hydroxypropyl cellulose and 20% isopropyl alcohol at room
temperature. The membrane was soaked in this solution for 30 min, removed
from solution and rinsed with deionized water for 5 min with gentle agitation. It
was then placed in boiling water for 10 min and dried at room temperature. The
membrane had a Critical Water Surface Tension (CWST) of 77 dynes/cm.
Membrane flux was recorded to be 33.3 L/m?h-psi by measuring flow of Difko FA
phosphate buffer solution (150 mM NaCl, pH 7.2) at 30 psi constant pressure.
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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3.8 Example 2 41.8 1608 4.1 Exanple 3 54.1 2719 2.6
Single |ayer of commercial ViresolveO NFP nmenbrane
(M11ipore Corporation)

Comparative Example 1d.

The procedure described in Example 1 was followed with aqueous
solution containing 1% hydroxypropyl cellulose, with no alcohol deliberately
added. The adsorption was carried out for 16 hours, rinsed and dried at room

temperature.
Comparative Example 1e.

The procedure described in Example 1 was followed with soaking time

shortened to 3 minutes.
Comparative Example 1f.

The procedure described in Example 1 was followed without rinsing the

membrane with cold water after soaking.
Example 2.

A two layer polyethersulfone virus-retentive substrate membrane was
made by cocasting two solutions of polyethersulfone in N-methyl pyrrolidone
followed by contacting the two layers with water to form an ultrafiltration layer 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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ultrafiltrati on nenbrane having a hydrophilic surface and
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3. The ultrafiltrati on nmenbrane of Claim1l, wherein said

hydr oxyal kyl cel | ul ose 1S hydroxypropyl cellulose.

4. An ul trafi|IRlwafli/erhrasibr and HieLakgpw hy dr e edgired
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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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5. The multilayer ultrafiltration nenbrane of Claim4
wherein said first sul fone pol yner and said second

sul fone pol yner are the sanme sul fone pol yner. 6.
The nmultilayer ultrafiltration nenbrane of Claimb5,
wherei n said sul fone polyner is polysul fone. 7.
The nultllayer ultrafiltration nenbrane of Caimb5,

What wei1and sul fone pol yner is pol yet her sul f one.

8. The nmultilayer ultrafiltration nenbrane of C aim 4,
wherein either said first sulfone polyner of said second

sul fone polynmer is p sul f one The [tilayer
ul traki Atwwrr&t\ewt?owkryﬁ‘altam@ ’Hﬁmbdfa”%l'i‘@r"&%a Q%ﬁ%ﬁ)h@égaﬁace
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: ﬁ?ré%y&%@ﬁul%gﬂsald hydroronthilﬁféBé Bél'h?ytgéated to a step

u n menbrane of Claim4, wherein
sielentest froink he geaupucenrssting nﬁléﬁ)cﬁ&?pﬁ"@pm indhe @resence of steam or

“er % ARt AT g Shauns
a:mmntugimdgreatertharlaoomﬂd rocess for formng an

ultrafiltration nenbrane having a throughput greater than
1000 L/ n2 which conpri ses:

2. The ultrafiitration 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 1000 L/m?.
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(a) providing a substrate nmenbrane having at |east one

m croporous |layer fornmed froma first polyner having a
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cellulose onto or into said first outside surface and

said second outside surface, (c) renoving excess

hydr oxyal kyl cel | ul fromsai d subst r

o oa\B The S flayer HEERTIEE Tatp Be oI Wheigjn Said suffone
w%églssﬁélgis@wﬁeace nodi fi ed substrate nmenbrane to forma

dry nodified substrate nenbrane and (e) subjecting the

surface nodified substrate nenbrane fromeither step b,
step (c) or step (d), to a step selected fromthe group

consigt TRE r@ultlbjy)ar AlfATratio ghdrbidhe ¢ CRINES vﬂier@treamdogulfone

wat er ; and subnerging in boiling water.

EF@dé@)ﬁ t&‘?r%l"?ﬂ”fﬁ 13, wherein step (e) is conduct ed
wi th steam 15. The process of Caim 13, wherein
step (e) is by submerging in boiling water. 16.

The pr oiess of
0

cor1 H-otbe radhipreokiton A, o Claf A, pergin either said

fipstoi ffohel pulyier BF BEidPsdBHrd s@tttie ,ydngﬁﬁrué bbatsuﬁangerrbr ane
haying a throughput greater than 1000 Un2 which

conpri ses:

9. The multilayer ultrafiltration membrane of Claim 4, wherein either said

first sulfone polymer of said second sulfone polymer is polyethersulfone.

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

throughput greater than 1500 L/m?.

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

hydroxyalkyl cellulose is hydroxypropy! cellulose.

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

hydroxyalky! cellulose is hydroxypropyl cellulose.

13. The process for forming an ultrafiltration membrane having a

throughput greater than 1000 L/m? which comprises:

18



(a) providing a substrate nmenbrane having at |east one
m croporous |ayer fornmed froma first sul fone pol yner
having a first outside surface, and an ultrafiltration
| ayer fornmed froma second sul fone pol yner having a

secon@) qstovidiey aubat@te nidmbeet kihg @t dust bnesthigropseidles
surface g);(j sal d secgnd outside surface with a s&l uti on

of a IAYRREPEAAAMATIS, POSENeLh2YEg IShPHISIRRIPUNPSF YN an

cel I yheafitelba 18yer BiReddidh d s&dorRbslyARrHaViRE 8 sttdnd outside
sai d second outside surface, (c) optionally renoving

excesHfREg oxyal kyl cellul ose from said substrate
menbrane to produce a surface nodified substrate

menmbr&h econteat)ngamq Wishepiside surgee and said pgeendroytsidegurface
substyit & JBHRBEa th%f&wauaﬂ dENuleRd Ita‘> 'a%@o?d‘ bﬁfar @tcﬁoxyaukyu

menbrane and (e) subjecting the surface nodif
substﬁh@&@eﬁlﬂpﬁdnh erid direfpoutsider syfqas and Sgtds%ew)d optside
a stef),fflected fromthe group consisting of (1)
autoclaving in the presence of steamor water; and (2)

sub i e LLd r f
SIS g1 AV BNy colodd rof SplQ8RT e
19. Thembraveds podd@ead putfacewhediéed substratemerebrans. by

subnerging in boiling water. 20. The process of
CI ai rid]l Aryingesaid suafasel medifieiubstrate orambiane 9 forepa dpy

e W?rhS&ufi%Hdst%ﬁﬁg‘fééeZP%%Qﬁ%vol . % i sopropanol .

€ process erein the hydroxyal kyl

cell U(Le?§8bje%tin¥q58)§¥llrf358W&diﬁgb ls¢b8fSte membrane from either 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.
14. The process of Claim 13, wherein step (e) is conducted with steam.

15. The process of Claim 13, wherein step (e) is by submerging in boiling

water.

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

hydroxypropyl cellulose.

17. The process for forming a multilayer ultrafiltration membrane having a

throughput greater than 1000 L/m? which comprises:
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22. The process of Caim 20, wherein the hydroxyal kyl
cel lul ose i s hydroxyl propyl cellul ose. 23. The
process of Claim 17, wherein said first sulfone polymer
and said second sul fone polynmer are the same sul fone

pol ynmay pmodidsfy & ssdeat/fricpnisrapel haEtig as el vael hiéporous
24. The process of Caim 17, wherein said first sulfone

pol yrgYerieamedfrpract st sulipne ReIVIerT ARvINg A 'rﬁ’h%U@éﬁ\%SU”aces
sul f QiHy R IEFBfilt @B ntIAFeSRiMed Ytdranes OB Ifdrie polymer having a
pol yet her sul f one. 25. The process of Caim17,

wher éasoapiqisidesudfacer st sul f one pol ymer or said second

sul fone pol yner i s pol ysul fone. 26. The process of

d ai rtPl Tonipting Whedirshevtsidg guifaee andwaidb Reced pHisidesurface
sai d \5ige Qs 81?5 rhze}dﬂ_f?éfkﬂ seAb¥etbatssiy 848 hydrox alk}lll

27. The process 0 nmovi'ng 'virus froma protein solutio
whi creediblgsel @de ardntoasaid digsttotdsidegwfacesand saigrsegand ouiside
ul t r@‘dr}atc%ati on nenbrane of Claim1 under conditions to
effect reténtion of said virus on said nenbrane and to

ef f e“(%@@ﬁéﬁ&ﬁ: @Fré@{iﬁér%gﬁeéé‘ hi&#&&%ﬁ&l EER YL £r2h ga}d substrate

menbr process enovi ng VI rus roma

pr ot ehamboane i@ pradhicsha sonfpce seedified sabstrateg mesmprapeei n
solution with the ultrafiltrati on nenbrane of daim4
under(dr optibralyndrying sditlestrfacet modified substeatel membganmto form a

sai dtﬁnrméﬁﬂgd %ﬁggglg?eme%raﬂgwe of protein in

solu rou nenbrane. 29. The process

oont 37 FUBRelh e LALLE iiRHEY BBt ARnHILRE FAHDHER, step
rr;errbr(_a)wer _svlfepcada,i tm a_stamswngcbwfdd)mi thtasgrb?? @breisﬁingafe(ﬂ) :c on

of sajd virus . id menbr n e S )

o or AflodRUiRR itng Bresai R R AR e By aR6 (2P B8R 1n

pr océsdlimgf watsrovi ng virus froma protein solution which
conprises contacting the protein solution with the
ultrafiltration nenbrane of Caim 17 under conditions to
effect retention of said virus on said nenbrane and to

ef f ecli8. phss poecaxs qff Ckémn 7, whsarein step (Ehisocghdseted with steam.
menbr ane.

19. The process of Claim 17, wherein the step (e) is by submerging in

boiling water.

20. The process of Claim 17, wherein a solvent for the solution in step (b)

is water and between 5 and 100 vol. % isopropanol.

21. The process of Claim 17, wherein the hydroxyalkyl cellulose is
hydroxylpropy! cellulose.
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31. Avirus-retentive ultrafiltrati on menbrane having a
hydrophilic surface and an initial log retention val ue
(LRV) of at least 4.0 for Phi X174, wherein the nenbrane
conprises an ultrafiltrati on nenbrane substrate having a
hydrophilic surface, said surface being rendered
hydrophilic by adsorption with a hydroxyal kyl cell ul ose,

?ai d mhdmelﬁirb(t@sse@w_r(tm Z[L?}vﬂ@( r’)éfremeﬁﬁlyl droxyvalayle@elﬁmdas@tsed
romthe group consisting o a) autoclaving 1n the
'}Ypé%’éflﬁré’pgfc%|ﬁ@%$ﬁ-or wat er; and (b) submerging in boiling
wat er; such that said ultrafiltrati on nmenbrane conpri ses
an increased flux relative to a nenbrane which is not

bject to the ste
SUb) 23. 'E'he procgss gf Claim 17, wherein said first sulfone polymer and said
second sulfone polymer are the same sulfone polymer and said same sulfone

polymer is polysulfone.

24. The process of Claim 17, wherein said first sulfone polymer and said
second sulfone polymer are the same sulfone polymer and the same sulfone

polymer is polyethersulfone.

25. The process of Claim 17, wherein either said first sulfone polymer or
said second sulfone polymer is polysulfone.

26. The process of Claim 17, wherein either said first sulfone polymer or

éaid second sulfone polymer is polyethersulfone.

27. The process of removing virus from a protein solution which
comprises contacting the protein solution with the ultrafiltration membrane of
Claim 1 under conditions to effect retention of said virus on said membrane and

to effect passage of protein in solution through said membrane.

28. The process of removing virus from a protein solution which
comprises contacting the protein solution with the ultrafiltration membrane of
Claim 4 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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29. The process of removing virus from a protein solution which
comprises contacting 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.

30. The process of removing virus from a protein solution which
comprises contacting the protein solution with the ultrafiltration membrane of
Claim 17 under conditions to effect retention of said virus on said membrane and

to effect passage of protein in solution through said membrane.

31. A virus-retentive ultrafiltration membrane having a hydrophilic surface
and an initial log retention value (LRV) of at least 4.0 for PhiX174, wherein the
membrane comprises an ultrafiltration membrane substrate having a hydrophilic
surface, said surface being rendered hydrophilic by adsorption with a
hydroxyalkyl 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; such that said ultrafiltration membrane
comprises an increased flux relative to a membrane which is not subject to the

step.
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