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on May 17, 2007, the entire contents of which are

i ncorporated by reference herein. FIELD OF THE

I NVENTI ON This invention relates to a nenbrane
structure conprising a polysul fone or polyethersul fone
menbr ane, heat bonded to a PVDF (pol yvinylidene
fluoride) substrate. BACKGROUND OF THE | NVENTI ON At
the present tinme, MEMBROGSE LANMBNAGEprovi de
filtration apparatus for renoving virus from

bi ol ogi cal fluids which are presterilized at the site
of manufacturing tghg ATEDrAppoC APlepiat us and
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hydroxi de), then with sterile water followed by
sterile buffer. Acg [ S - essary that the
filtration appara E@ﬁggﬁ?géﬁg@éﬁ?§?gﬁgegradation due
t 0 botThig aeatio@edlats @ MBhbeme StructureldEnprididg &t i on
apparatus utilizes elenents conprisin

a support plate
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a

SRR PRI BTG, % e o7 nce. i g
BACKGROUND OF THE INVENTION

At the present time, it is desirable to provide filtration apparatus for

removing virus from biological fluids which are presterilized at the site of
manufacturing the filtration apparatus and sanitized at the site of using the
filtration apparatus. Generally, sterilization at the manufacturing site is
effected with gamma radiation and sanitization is effected with caustic at the
site of use. Caustic sanitization is effected first with a caustic aqueous
solution (typically 0.1 normal sodium hydroxide), then with sterile water
followed by sterile buffer. Accordingly, it is necessary that the filtration
apparatus be resistant to degradation due to both gamma radiation and caustic.

" The filtration apparatus utilizes elements comprisihg a support plate to
which is bonded a filtration membrane generally comprising a polysulfone
(PS) membrane or a polyethersulfone (PES) membrane since high
performance ultrafiltration (UF) can be effected therewith.

At the present time, it is known that PS or PES membranes can be heat

bonded to an acrylic substrate. Since acrylic is not caustic resistant, its use in

processes that requires caustic sterilization is undesirable.
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performance ultrafiltration (UF) can be effected
therewith. At the present tine, it is known that PS or

substrate. Since acrylic is not caustic resistant, its
use in processes that requires caustic sterili zati on

i s undesirable.PS or PES nenbrane can be easily
thermal |y bonded to a pol ysul fone substrate (pl ate)

becau 1] |1 .
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icult o wel d a pol ysul fone or pol yethersul fone
phalten eildheiveq platsh arcpressgdwogsthes iserthagrwhent e imgterigdi ng

Eﬁl}loisk ﬁ-g;cbv Iﬂ%te%%reﬂc%ﬁnglﬁteﬁ/ \?/%Hecﬂ ét 1S ?ﬁfﬁnﬁt ‘ic? Q'efgisé or PES

I 1psednt BEpEiiyebBiswibadplatnd Qf;ﬂaté @f thetsanie cﬁfsnﬁll@‘(}ﬁzderlal
plateto plate bond difficult. er nethods

of
1f thip rocess. ks brearfeund %‘ﬁbﬁlﬁlé‘?d P 0B PES A ickX e ad
&Y 9 ko PLd (RE s fdriGii
S, 3 RGP T
| ofcd goobel glats o plaed ebmigdifficaadti o frequency (RF) wel di ng,
vi bratjon wel din l.di n and ol vent
el df naihe Begiods B wadinEPS o PESP et gr bR epeen
Sé%feﬁrlpﬁéd?m& Mo%rf N Lot ofipeédilct Rme %@géﬂ\leréﬁ%@ﬂd)&the
ding result in a generation of PS or PES particles
ﬁmshed product. Some of these methods include laser welding, radio
frequency (RF) welding, vibration welding, ultrasonic welding and solvent
welding. Laser and RF welding do not produce a sufficiently strong bond.
Vibration and ultrasonic welding result in a generation of PS or PES particles
that is undesirable. Solvent welding with a solvent like methylene chloride is
difficult because the membrane is made of a similar material and can be
changed or dissolved by the solvent.
Accordingly, it would be desirable to provide elements of a filtration
cartridge which include a membrane heat bonded to a substrate that can be
contact welded and have none of the negative effects discussed above. In

addition, it would be desirable to provide such elements which are also

resistant to degradation by exposure to either gamma radiation or caustic.
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changed or dissolved by the solvent. Accordingly, it
woul d be desirable to provide elenents of a filtration
cartridge which include a nenbrane heat bonded to a
substrate that can be cont act wel ded and have none of

the negative effegy gqu pﬁ_yg lWmdgdi tion, it
suc

woul d be deS|rabIe to prOV| ments which are

al so rBgumt histanteapbbelgd atkat oOmfiligation pmﬁnd@ prodededtvorthe
ganma radi ati on or caustic. DESCRI PTI ON OF THE DRAW NG

Fi?rﬁiﬁnémi’e?téorhn expl oded view of a filtration cartridge-

pr oducgduRy) £he RbRUeAYVidwWYENfiitfion Chdddg proliScediby the
expl oded view of a filtration cartridge produced by

tpresept @wentiori.nventi on. SUMMARY OF THE | NVENTI ON The
present invention provides filtration cartridge
el ements having a PS or PES nmenbrane heat bonded to a

pol yvinyl i dene SUnasmiAdey ((MPHE BODSNTREON. Two or nore
PVDF substrates are then easily and sij rrplf/ bonded
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Thlendsaberetd fiwhichpmduny, iserdontnewithh the PVDF substrate in order to
partially melt the PVDF substrate to a degree that the molten PVDF infiltrates
the PS or PES membrane pores. The heating element is removed and the
molten PVDF is cooled to solidify it. The resultant bond of membrane to
substrate is sufficiently strong that attempts to remove the membrane from the

substrate results in membrane residue remaining bonded to the substrate. Two

or more PVDF substrates can then be heat bonded to each other.

DESCRIPTION OF SPECIFIC EMBODIMENTS

In accordance with the present invention, the membrane can have any
configuration such as symmetric or asymmetric (skinned or unskinned), or the
like. In addition, the membrane can have any porosity such as a reverse
osmosis (RO) membrane, ultrafiltration (UF) membrane, microfiltration (MF)
membrane, or the like. The PS or PES membranes generally have a melting
point between about 428 °F (140 °C) and about 446 °F (230°C). Such
membranes are well known and made by many manufacturers including
Millipore Corporation of Billerica, Massachusetts under tradenames such as

Millipore Express® membranes. A preferred membrane is a unitary membrane
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substrate is sufficiently strong that attenpts to
renove the nmenbrane fromthe substrate results in

Two or nore PVDF substrates can then be heat bonded to
each other. DESCRI PTI ON OF SPECI FI C EMBODI MENTS I n
accordance with the present invention, the nenbrane
can have any configuration such as symetric or
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n, t rane can have any porosity such as a
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rexmmetgranidabe likerRore sickuatidntyionedsiip sach @ohp aengsicen alsp
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I S a urd PVDFrsRbitiAs &RERh e PS 6Ad/6ABES piédsiRase isrbonded
whi ch the conposite nmenbrane is forned fromtwo or

rgndederigned fodnelspeinternal Rities foferds astmegiorndéercgtentate
s e{ll a%%ﬂﬁ%;hﬁua&% ¥ g?i%ctt ﬂ@ﬁ%ﬁ%iu){% 10 SpebF %Z%ﬁergfw h%@a
create uni que ne ranes sucC as avi ng t wo ones 0O
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of s ry and the like. Pore siz and t{ hi ckness. |
cad B e e o 03 5e bE apdor BYS membrazggiozoY DF
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substrate to Which the PS and/or" PES nenbrane is
Heatieglcleaenbibatesitaptedic neembrehaigerovided with apentiistigk f or

Sue RGeS PopraEi M Reed Pafrs (IFET o it sembingiar 1
hsaBsteat&Bbid RGP 8dvHrsdd hifeRed. abidiicati8d efmdnl ARGeledand
about 356 OF (180 0Q). In
temperature of between about 490 °F (254 °C) and about 530 °F (277 °C) and it
is applied to the membrane at the desired bond area which overlaps with at
least a portion of the PVDF substrate, under pressure to assure intimate
contact between the membrane and the substrate. Heating under pressure is
effected for a time period sufficient to melt the PVDF at the desired bond area
and to permit infiltration of the molten PVDF into the membrane pores. The
heating element is then removed from contact with the membrane and the
resulting laminate is allowed to cool to permit the molten PVDF to solidify.

A second PVDF substrate which may or may not contain a membrane
as desired, is then brought near the first PVDF substrate to which PS or PES
membrane has already been sealed as described above. The second substrate

may contain one or more ports for feed, permeate and/or retentate, gas venting

or the like as desired.
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order to effect bonding of one or nore PS and/or PES
menbranes to a PVDF substrate, a heating elenent is

heating el enent that contacts the nenbrane is provided
with an anti-stick surface such as

pol ytetrafl uoroet hyl ene (PTFE) so that the nenbrane to
substrate bond is not adversely affected. The heating

I ' : t
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pressure is effected for a tinme period sufficient to

nptendedhto Ipvidthesamehe desired bond area and to permit
infiltration of the noltﬁnarﬁ’\/llgﬁ into the nenbrane
pores. The heating el ene 4% hen removed from

cont acAs ¥hdvwn inEgiRN agetyctitdsul fode TESHkinbRgel 1@V aat e
is allowed to cool to permt the nolten PVDF t

skanded tothe girgwlap RYDIAAYPParS piate 42 Bavipg a dluighgutist cffhmT hgot

' [ ISt o o
Rl of iR ABnfeRPldct s SO RS AN R )
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DY RE 4P platfl e & i et g 8 hencits higt bendedd FaRVRE
dﬁ@?éx@glaﬁf‘?z SEaR Rtk ERAEtol BrM aal18skiod Eddridde having a
heati ng el enent and then pressed agal nst the Surface
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S o o B R Pl B bR b
| 70/ PR&FERAB1R MR tof pkdé 16 ¥ nded td Qelsippdrt plag 192dWside of the
area to which to membrane 10 is bonded to the support plate 12.

The device according to the Example provides an integrally sealed
membrane to the support plate and a liquid tight integrally sealed top plate to
the bottom plate. The manufacture is simple, quick and easy and avoids the
problems of the past while providing a device that is both gamma radiation
and caustic stable.

Optionally, as shown another port 19 may also be used on one (as
shown) or both plates 12, 16. This may be used for gas venting with an
appropriate gas filter attached to it (not shown) such as a MILLEX® gas vent
filter available from Millipore Corporation of Billerica, Massachusetts.
Alternatively, it can be connected to a conduit (not shown) for the retentate
that can then be returned to the supply for recirculation as occurs in tangential
flow filtration.

While Figure 1 shows the device in a round format, other formats may

be used as well. For example, Figure 2 shows a typical plate and frame design
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Exanple 1 As shown in Figure 1, a polyethersul fone UF
menbrane 10 was bonded to the circular PVDF support

the heating el enent used was 51Q0F (2650C) to 54Q0F
(2820C). The sealing tine was 4 to 10 seconds at a
pressure of 20 to 30 psig. A circular PVDF top plate
16 having a fluid inlet 18 then was heat bonded to the
t | forma
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5 o 3 E e B i B0 AR T RSB e
1IBVDFhioadehin demilaethshion t@afirvaitér sngfayédstadd adwell known in
ggpropri ate gas filter attached to it (not shown) such
CartM LLEX(r) gas vent filter available from
MI1lipore Corporation of Billerica, Massachusetts.
Alternatively, it can be connected to a conduit (not
shown) for the retentate that can then be returned to
the supply for recirculation as occurs in tangenti al



flow filtration. Wiile Figure 1 shows the device in a
round format, other formats may be used as well. For
woe¥egles Figure 2 shows a typical plate and fpcan®2008/006382
desi gnoften used in cassette style filter devices. In
Figure 2, the PS or PES nenbrane 30 is bonded to a
surface 32 of a first cassette frame 34 as indicated
by sealing line 36. A second cassette frame 38 is then
bonded to the first cassette frame 34 outside of the
area 36 to which the nenbrane is attached to the first
cassette frame 34. Various QOAIMSAO are shown in the
cassette franes 34 and 38. Two or nore frames may be
uWbat isilaimed e cassettes can be stacked upon each
ot her { oAl Hafe ?&ﬂﬁrﬁ’ﬁé’aﬁh%@gngﬁéfﬂo{i?me}mﬁar&%&%&fdes
may have a seal out er” surtfac [ east on the
dindsra rt]nmgnoup aesstting afipobsalfons) pobyetieneyfonaybléndsdhereof and

at e addi t.i onal d end pl ate not sho al so
FroRabater srect beR At b &S CPEORMDE bR TRIeRe
omtrgesur faces as are well known in the art. CLAI M5

Wiat is claimed: 1. A laninate conprising at |east one
por ous nenbrane sel ect ed fromthe group consi sting of

Copul yhoroe FRSPut B RELR L bRaE AiE BRI Ghlprter

ulfohelg pol yvi nyl i dene fI uori de. 2. The | am nate of
Calm1 wherein said nenbrane conprises pol ysul f one.
3. The lam nate of Claim1l wherein said nenbrane
conpr i SeShpbimjinathof Sldimphwherein said membrane compnses

polyethersulfone.

4. A laminate comprising at least one porous membrane comprising
blends of polysulfone and polyethersulfone heat bonded to a substrate

comprising polyvinylidene fluoride.

S. A laminate comprising at least one porous membrane
comprising copolymers of polysulfone and polyethersulfone, heat bonded to a
substrate comprising polyvinylidene fluoride.

6. The laminate of Claim 1 having a plurality of membranes.

7. The laminate of Claim 5 having a plurality of membranes.

8. The laminate of Claim 1 wherein said substrate includes at least

one fluid pathway.

9. The laminate of Claim 3 wherein said substrate includes at least one

fluid pathway.



4. A lamnate conprising at | east one porous nenbrane
conprising blends of polysul fone and pol yet hersul f one

wohead14ae0ded to a substrate conprising polyvi peiiudens0063s2
fluoride. 5. Alanm nate conprising at |east one porous

menbr ane conpri sing copol yners of pol ysul fone and
pol yet her sul fone, heat bonded to a substrate
conpri sing polyvinylidene fluoride. 6. The | am nate of

daim | Rhi ifn! Rate nclUdE at least
Ianinagéhg¥g%ﬁ%@ﬁ?éygg%¢ﬁzwg&6 ura ?#ﬁ %F %%ﬁ%?éhé??
BoneTthed ppathwagt e of Claim 1 wherein said substrate

i ncludes at l|least one fluid pathway. 9. The | am nate

of Caim3 wherein said substrate includes at | east

one fl lr‘f.dA%@ﬁ%Mm%Qsiny&?lelaﬁrﬂn@%?od?,fméﬂl_@tiaﬂé Selvhigd ei n
sai d substrate includes at |east one fluid pathway.

1from Ahel groiup eonssting of ipatysatfone petyetheesubione, dendstherapicand
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fluoride to which the nenbrane has been heat bonded on

aansl pr fegerd ybstrae compasing pebvinylideny Juaridebanggd to the

S, | S| V] ' uori de bonded to
t#lgﬁlé%?# glg gﬁ%fghkﬁ}eﬂ?f@lg%lmsﬂ&g)s{% {rn% e?%%elht ai ning the
nmenbrane. 12. The device of claim 11 wherein the first

substrate has a pqort. fornmed aon a side of the substrate
opposi t% Thedevise of plaing J{ pefisgeip Seirct ﬂlb(sr{éteﬁaéﬁﬁ Padomaed

t@%ﬂﬁ& gae of iRt sHBkttatd'@¥idR e it BPERISOEF & RN thetRERBARE is

Irst substrate to an
bonded, the port having an opening extending through the first substrate to an

area adjacent the membrane, and the second substrate has a port formed on a
side of the substrate opposite that surface to which the second substrate is

bonded to the first substrate.

13. A process of forming a filtration device comprising providing a at
least one porous membrane selected from the group consisting of polysulfone,
polyethersulfone, blends thereof and copolymers thereof; providing a first and
a second support plate wherein the first and second support plates are formed
of PVDF, the support plates having a first surface facing each other and a
second surface opposite the first surface of each plate and the plates having at
least one port formed from the first surface to the second surface of each plate
respectively; heat bonding the at least one membrane to a first surface of the
first support plate; and heat bonding the first surface of the first plate to the
first surface of the second plate in an area outside of the area of the first

surface of the first plate to which the membrane has been bonded.



area adj acent the nmenbrane, and the second substrate
has a port fornmed on a side of the substrate opposite

wot20e143080f ace to which the second substrate i $crardad nos3s?
to the first substrate. 13. A process of formng a

filtration device conprising providing a at |east one
porous nenbrane selected fromthe group consisting of
pol ysul f one, pol yet hersul fone, blends thereof and
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support plate wherein the first and second support
Homtled teathe firstrsoefdceod f tRy/B¥eont Ipéats atppo thie prriphesy dfaacing a
first surface facing each other and a second surface

opposite the first surface of each plate and the

pl at es] NgwePPocts bASIn PRRrBRFE EorhpFidTRE pfdvading Adehtingt
surface to the second surface of each plate .
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outside of the area of the first surface of the first

pluppert platewidcismoningibabeaing demen dad ajeyinedthe hondrpcool.
process of claim 13 wherein the first surface of the
first plate is bonded to the first surface of the
secondl Tt @redessidf dléien pR fiirfliee tympifisiegptovidihg a hleating
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enent to the menbrane at a desire
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heati ng el enent heated to a tenperature of from about

sdovore thedhend®) ced. about 530 OF

17. The process of claim 13 further comprising providing a heating
element heated to a temperature of from about 284 °F (140°C) and about 530
°F (277 °C) and applying the heating element to the first surface of the second
support plate at a desired bond area; removing the heating element and
contacting the first surface of the second support plate to the first surface of

the first plate.

18. The process of claim 13 further comprising providing a
heating element heated to a temperature of from about 284 °F (140°C) and
about 530 °F (277 °C) and applying the heating element to the first surface of
the second support plate at a desired bond area; removing the heating element

and contacting the first surface of the second support plate to the first surface



(277 0C); applying the heating elenment to the nenbrane

at a desired bond area which overlaps with at |east a
woR0bd/1496300f the first surface of the first suppanis2008/006382

plate with sufficient pressure to assure intimate

contact between the nenbrane and the first surface of

t he support plate and renoving the heating el enent and

all owi ng the bond to cool. 17. The process of claim 13

f |

(o bkt BRAP IR Ol ek S R B B R e s
admofate 68the BEcond platd @powtrible pgrjherynof dabk. heat i ng eI enment
to the first surface of the second support plate at a
desired bond area; renoving the heating el enent and
contacting the first surface of the second support
plate to the first surface of the first plate. 18. The
process of claim 13 further conprising providing a
heating el enent heated to a tenperature of from about
284 OF (1400C) and about 530 OF (277 0C) and appl yi ng
the heating elenent to the first surface of the second
support plate at a desired bond area; renoving the
heati ng el enent and contacting the first surface of
the second support plate to the first surfaceof the
first plate wherein the first surface of the first
plate is bonded to the first surface of the second

pl ate about the periphery of each.
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