MEMBRANE LAM NATE 5Det ai | ed Description of the Invention FIELD OF THE

| NVENTI ON This application clainms the benefit of priority of U S
Provi si onal Patent Application No.: 60/930,585, filed on May 17, 2007, the
entire contents of which are incorporated by reference herein. 10 Thi s

invention relates to a nenbrane structure conprising a polysul fone or

pol yet her sul f one nenbrane, heat bonded to a PVDF (pol yvinylidene fluoride)
substrate. BACKGROUND OF THE I NVENTR | ON 15At the present tine, it is
desirable to provide filtrationveapsRAalEs AMKNATEMOVI Ng virus from bi ol ogi cal
fluids which are presterilized at the site of manufacturing the filtration
apparatus and sanitized at the site of using the filtration apparatus.
Ceneral ly5 sterilization at DégilehDebaiptionionthedhvention ef fected with gammma

radi ation and sanitization is i ic at the 20site of use.
Caustic sanifizafion is effect Ef_ﬁf@gﬁl—(ﬁ Im@ﬁﬂéhlsti Cc aqueous sol ution
(typically 0.1 no | sodi.um hydr oxi de) ... then Wt terile er followed by
sterile buffer. Aig%ra&pﬁ%qtvn Cr%'/mﬁ3‘%@%&8{]@7'°tr'\lf\§é9ﬂ(|'§esfqvl'st'?'¥;ﬁ\ﬁi Sﬁ?néppar atus be
resistant to AppgcaidatNON6EIoB0, 6865 iddorgRIayE 71 200 Athoanttadonrutdfc. The _
filtration apparatus utilizes el rrentshcorrpr|5| ng a support plate to 25which
i s bonded a 'QW%{Fi'%WrWﬁ%r@W egeéﬂ'éqealefrﬁ'ncorrpri sing a pol ysul fone (PS)
menbr ane Br a pol yet hersul fone (PES) nenbrane since high performance

at

ultrafilf ion (UF) can be effected therewith. At the present tine, it is

known that PS or I?S.rre ranes can be .
is invenfion relates to a membrane structure comprising a
polysulfone or polyethersulfone membrane, heat bonded to a PVDF

(polyvinylidene fluoride) substrate.
BACKGROUND OF THE INVENTRION

15 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

20 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 comprising a support plate to
25 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

30 use in processes that requires caustic sterilization is undersirable.



heat bonded to an acrylic substrate. Since acrylic is not caustic resistant,
its 30use in processes that requires caustic sterilization is undersirable.

PS or PES nmenbrane can be easily thernally bonded to a pol ysul fone substrate
(plate) because of the simlarity of the materials. However, it is difficult

to bond the platepstogetdigembak O54E68 chdiRittahiay boRfed © @9619'3@1‘0%65 t oget her
is called contact wel di ng The process involves putting two plastic Splates in
£

contact wit h SHPHEHE éplatgn aLtSﬁé)f&%@m'lér'tléé’ém’?sm@@“ﬁﬁl HOW?W%!’ BiSat es are then

renmoved fromgha,NB3oRH thd PBtdiasi&her. ;?rbbéissq}'ﬁucélfy U< t&‘%Mn@B%téshe plates are
pressed together. This process requires the stirc material to remain nolten

until the twdogsitherds calles m@%wlmmggémﬁaqrowsvm@dvesmétmgttwg phagtieri al cool s,
the two pkat %ﬁar gslrjﬁcco‘ﬁ'fglzlt Ghth v ey q.ﬁ‘ﬁl thlatplés%c%'e&fnls%'h{eltf‘ ?h%ﬂaﬂasaar@m ysul fone

10 or polyet one plate to a ane or si ar material using
t hi s process than reiveyeddom ﬂ@mterhﬁlﬁ‘ heatardgisiRD W of PESVapURRKINE Mlatess a skin

good plate t oropsRe R EREIer TSRS LR L SR AR e b TR ' PEs™hl Bt es

t oget her havend:b@erunljsmettwcrpmeb ajmbrpssadetngetbelbm thiaf, Mr@nlthematepnad)duce sone
negative effecgt, o f| n o, ncl ude | aser
wel di ng, radi %EIISr@& (Pft?%{% d?% ‘?}F%Cfge' %Ué‘ﬁgl%eg%&%[jyga'id}? 1 ¢ wel di ng
and sol vent \wbdiyamerem‘see palmzltoF%Fthﬁ ofi thg sdme o tsinpifan thateriah usinbfthiei ent 1y strong
bond. Vi bratign an SO el r uI a nerati pn gf PS or PES
parti ol es sorteopat inibERT Bha Y SidRa S R ISR SE BB ke et hyl ene
chloride is dmnd ﬁe&migtelélﬁér&ll§Gerhdi\fbdﬂ‘ﬁéﬂ@lfr@ﬁﬂmmsh rERrOformatdridd Agosrt eri al and
can be chang p%pgr d| ssol Ve?@gﬁl t he sol vent. SUMMARY OF THE | NVENTI ON 25PROBLEM

TO BE SCOLVED Accordingly, it would be desirable to
provi de el ements

trat cart iggls:e V\Tich in Iuge a,_nmenbrane heat

bonded to a subst &gfeé b riNeg%' (l)i’é%r W a&%togﬁ@eﬁ PE BRI of the negative
effects dBSClaﬁéﬁ@te’tbé}\tﬁprobéh el HifRAIt of brotdbé doe riégsiiveadfert ba thy ovi de such
el enents which are al so

finished 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

20 thatis 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.

SUMMARY OF THE INVENTION
25 PROBLEM TO BE SOLVED BY THE INVENTION
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

30 resistant to degradation by exposure to either gamma radiation or caustic.



30resistant to degradati on by exposure to either gamm radiation or caustic.
MEANS FOR SOLVI NG THE PROBLEM The present invention provides filtration
cartridge el enments having a 5PS or PES nenbrane heat bonded to a

pol yvi nyl i dene fluoride (PVDF) substrate. Two or nore PVDF substrates are then
easily and sinply bonded together. Heat bonding is effected by applying a
heating el enment under pressure to a nenbrane conprising PS or PES or

copol ynmers thereof or blends thereof which, in turn, is in contact with the

PVDF substrate in order tqﬂé,&}@grpbpgg@[\ﬁ[f@@tTH@pRB\ggﬁmubstrate to a degree
that the nolten PVDF infiltrates the PS or PES nenbrane pores. The heating

el ement | S remveﬁh%ﬁtﬁsﬁﬁblnﬁmtw@mrwﬂﬁs filratierptastiidoe eseimerds hgving @ The resul t ant
bond of morang: ﬁ@%e Sut%%ﬁ&ﬂeétsbo?MfeP'téFb%wv)ﬁ%E&én%%oh EP@EF?”‘“S to remove

t he marrbr ane from strate resu rane resi r emai ni ng bonded
t o t he subst sabsirate sSTWgor mereidy BFPYDEtratab ate tes casinancheimplyebdrgigtl bonded to

i tration clidon g aanefs st M apelvino Fheuks demenghdBiP 5er oar @
expl oded vi ewredfsuee ol 4 meatbrare canprisirggesS pr Gdscettdpplyntees freesdor | nvent i on.
DESCRI PTI ON glzen%PI%hCelrgclawarlT:in C|]r:1)|tu|\|z|r:T |S§n contact with the PVDF substrate in order to
10 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.

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

DESCRIPTION OF THE DRAWING
Figure 1 is an exploded view of a filtration cartridge produced by the
present invention.
20 Figure 2 is an exploded view of a filtration cartridge produced by the

present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
In accordance with the present invention, the membrane can have any
25  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
30 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



I n accordance with the present invention, the nenbrane can have any
25configuration such as symretric or asymmetric (skinned or unskinned), or the
like. In addition, the nmenbrane can have any porosity such as a reverse
osnosis (RO nenbrane, ultrafiltration (UF) nenbrane, mcrofiltration (M)
menbrane, or the like. The PS or PES nenbranes generally have a nelting point
bet ween about 428F (140C) and about 446F (230C). Such 30 nenbranes are well
known and made by many manufacturers including MIIlipore Corporation of

Billerica, W%W@ék%sﬂmgé‘ésstlﬁ MRRPAAB S0P SiteAPeMbldienS k& netRFsS (1)

menbranes. A preferred nenbrane is a unitary nenbrane nade by a co-cast
process in wiveRr iMeee polirfest selutipifovhink arecashuped epelbphenesssntigbr e pol yneri c

sol utionsg V‘*"sﬁﬁhl?én%o&é\i%ﬁf?%bﬁ&ﬁb f&td?géte%% '%%«%bﬁéné%[]&ﬂ LaRsANS! y- This
allows one to create u ranes

such havi two zones of~ asymetry or
symmetry, a Agneonds afsgswma‘tgy wswmnaetma@ooe otyﬁyfelmewamtd atappeldfke. Pore sizes

and thi cknesg @%e%%d%e E%P%?Q%Ee&r%ﬂd@\/%ﬁwegg irY c!%’fthé@or?es i%?c? shows one

process for I ng “such ranes. subs rate to whic PS and/ or
PES nenbr ane bes/abedded 7]2&83200@10@533@@&&&3 fonmbkide such menajrammsrtl ng for feed,

perneate and/or rete S S [ h ct, de |redeU|d

fl ow. PVDF generaﬁ' B@f%u%ﬁg\é\f dﬂ%%}h&%ﬁﬁé{gﬁﬁ%%gﬁ l}@ﬂ%'s( 991 and about
356F (18QQ). chn bercdaergnbd tefrickele ifterrdil pgrtind farfeediipemaeateRBdanmdétentaRES menbr anes
to a PVDF substr ahe n IS broyided, Lt is pr ferredthat t he
portion of t&V haec'a yd, Bag M%Fﬁ fﬁae%m@éfﬁowﬁ%/%%P%rﬁgy Brovided with
an antl-stlclmamg‘;&ﬂm Isdt@Bermabaalapy et (1&bP©Pén1:Bélmdt366°F((ﬁ'85‘E) ﬁ-portjérat t he

menbrane to subst e bond is not a ers ffect ed. The ing elenent is
heated to a t%ﬁﬁ%qtipnﬁ@g OBR PLEKFE ABGIE BRGesd %%\6'3% 530F (2770) and

it is appliegdub&rdtben ABAGAEIEMAHt i§ bﬁ)vﬂ:%'idl rtwpﬁéfé?ﬁéo&héﬁth@*pbﬁfbncbf%ﬁé aps with at
20l east a _portion of the PVDF substrate, under pressure to assure intinate

contact Het m@@ﬁt'@%élel?@ﬁbw&héoﬁﬁﬁst”l‘ﬁem%l?ﬁﬂedﬁ@m\‘r%e&fW%aﬂuﬁﬂté‘ﬁt"ﬁ? essure is

effected for srhédydpesd ;96!yt§Héﬁdo%&H%eﬁ& Fﬂ‘ﬁ*E stohﬁaﬁHQ'Fnéiﬁbr'éhétdjes' red bond
area and to permt infiltration of PVDF I nto the nenbrane pores.

The heating &UestEdie bpad it aduersol@ffeeiem E%h@%ttnglﬁ'@fﬁe'ﬂﬁé haatedtade and t he
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
20 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
25 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,

30 gas venting or the like as desired.



25resulting lamnate is allowed to cool to permt the nolten PVDF to solidify.
A second PVDF substrate which may or may not contain a nenbrane as desired, is
t hen brought near the first PVDF substrate to which PS or PES nenbrane has

al ready been seal ed as descri bed above. The second substrate nmay contain one
or nore ports for feed, perneate and/or retentate, 30gas venting or the |ike
as desired. The second substrate is heated wth the heating el enent

and then pressed ggaisBsdnddidsebicfiateatel vilhahé hestind2BheURE thehe cont ai ni ng
the nenbrane to seal the first and second PVDF substrates together. 5The

fol | owi ng ex®hPis€diaopinst thaisesacs el hedisdt iy Dmydhstiaghctaining thdt i nt ended to

limt the samRembpsaBRb Sed thSHishaMséddnbimUbe sdbst@itdibyeiBer sul fone UF nmenmbrane
10 was bonded to the circular PVDF support plate 12 having a fluid outlet 14.

The 10 tegperatur el'rféffoﬂdwﬁnq‘@%rinﬁlg iiR|s@ARRUhE PRA HBBV ARG dndGSEdt t0 540F (2820).
The sealing tinme was 4 to 10 seconds at a pressure of 20 to 30 psig. A

ci rcul ar PVDINtepgedtodimit the SREWi ng a fluid inlet 18 then was heat bonded to the
PVDF support plate 12 about the periphery 20 to forma filtration cartridge
having a PES nenbrane 10, a fluid i nF@mAl8land a fluid outlet 14 where all
15fluid feed is required to pass through the nenbrane 10 prior to passing

t hr ough the out | ef\s showpireFigkEsh] 2 Pelinesplfonee ﬂ%nbrénﬁdﬁd@f to the support

plate 12 out $joHgePlo ﬁw@%iré&l@?PVBF%Fﬁ&t E}@?e MERRiAG S R dsicP9RdRet to the support
plate 12. The device according to e anple provides an integrally seal ed
10 temperature of the heating element used was 510°F (265°C) to 540°F
(282°C). The sealing time 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 PVDF support plate 12 about the periphery 20 to form a filtration cartridge
having a PES membrane 10, a fluid inlet 18 and a fluid outlet 14 where all
15  fluid feed is required to pass through the membrane 10 prior to passing
through the outlet 14. Preferably, the top plate 16 is bonded to the support
plate 12 outside of the area to which the membrane 10 is bonded to the

support plate 12.

The device according to the Example provides an integrally sealed
20  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
25 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
30 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



20menbrane to the support plate and a liquid tight integrally sealed top plate
to the bottom plate. The manufacture is sinple, quick and easy and avoi ds the
probl ens of the past while providing a device that is both gamma radiation and
caustic stable. Optionally, as shown another port 19 may al so be used on one

(as 25shown) oftengbdintakete d5ie fler ddhtss. IMYighes psre Posr S venting with an
appropriate gas filter attached to it g)got shown) such as a MLLEX(r) gas vent

filter avail QMMBORABRANG PPIGRSYIE Auiia6r SLiV A Tt BSPtis TS S@ssachuset ts.
Al ternativel yhgitdte§ B sPRiIngARREL! BhekOn@csRUY Han{d Y isthaYBInddditotle retentate

that can then be returned to the supply for recirculation as occurs in
tangenti al 3dfsteassatietframe ah outside of thgpprea 3§ lguvhichi therpembiane iglevi ce in a round

format, o herattg%dé%zrr}ée“ﬁ%t Eﬁséﬁﬁ@q?aﬂ% :M?'\}arioEQE:oﬁﬁﬁ%‘r@shd:vi/rﬁﬁeﬁrtﬁe2 shows a

typi cal plate an esi g often used In'cassette style Tilter devices.
I n Figure 2. cebseteSramesPebant dBr Bwe osmoresfrapasi ewythe usesuMuliiple 32 of a first
cassette fra I,ndi I i O, i; - S e franme 38
is then bonded" gtegﬁcghﬁﬁrsgfékggs@ép,%g Pg%ék%@?%}t%w@g@%%{aﬂde&gcr%ézﬁ%% to which
t he nenbr ane cassditstnaaphlieal et apsedied butes surtarss et leastfarahe oBermvatr¢asastigorts 40 are

shown in the cassette franes 34 and 38.., Twa.or nopre frapes be used.

VU bl 6 casBiet sod e iEVaTal fal Shrinate MR BhaRIE shH SRR (Y oSl °5i e
devi ce. The a&setdest PHURF bavdedins®aindidr fashien ts thdiamger sAlrfacesias acn t he

out er nost cassgtte on ﬁ%ch end or they may have separate additional solid end
plates (not YFIMRPVRYAIEArade of PVDF bonded in a sinilar fashion to their
outer surfaces as are well known in the art. 15 20 25

15

20

25



CLAI M5 What is cl ained: 1. Alamnate conprising at |east one
porous nenbrane selected from 5 the group consisting of polysulfone,

pol yet her sul fone, bl ends thereof and copol yners thereof heat bonded to a
substrate conprising pol yvinylidene fluoride. 2. The | am nate of
Claim1 wherein said nmenbrane conprises 10pol ysul f one. 3. The lam nate
of Claim1 wherein said nenbrane conprises pol yethersul fone. 154. A | am nate
conprising at | east one porous nenbramen®ypPri sing bl ends of pol ysul fone and
pol yet her sul f one heat bonded to a substrate conprising polyvinylidene
fluoride. What is claimed:| am nate conprising at | east one porous nenbrane
conpri sing 20copol ymers of pol ysul fone and pol yet hersul fone, heat bonded to a

substrate conpri sing |aeina Bythpeaneg af Ilebi@trdrféfporous membrane séectddifoman nat e of
Caimil haV| n a plurali tr¥g of menpranes. 257. The |am nate of Claim5 having a

pl urality2of URAAURGEESIStiNg of polysulfpre, Pelvefhersiione cplandn thetgobAad n sai d
substrate i Nghpdomers theR$ heBONULY téla RASWRY comprising polyvinylidene

fluoride.

2. The laminate of Claim 1 wherein said membrane comprises

10  polysulfone.

3. The laminate of Claim 1 wherein said membrane comprises

polyethersulfone.

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

comprising polyvinylidene fluoride.

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

comprising polyvinylidene fluoride.

6. The laminate of Claim 1 having a plurality of membranes.
25 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.

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

one fluid pathway.



309. The lami nate of Caim3 wherein said substrate includes at | east one
fluid pat hway. 10. The lamnate of daimb5 wherein said substrate

i ncl udes at | east one fluid pathway. 5 11. A device conprising at |east
one porous nenbrane selected fromthe group consisting of polysul fone,

pol yet her sul fone, bl ends thereof and copol ynmers thereof, a first substrate
conprising polyvinylidene fluoride to which the nmenbrane has been heat bonded
on a surface of the first substrate 10and a second substrate conprising

pol yvi nyli dene fl yor Tee IdmingebftnaithBwabrdimesid @libithae friciifes Sy hskt at e
contai ni ng the menbrane. 12. The device of claim 11 wherein the first

substrate ha§n8ﬂHtﬂ'QaﬂF‘ﬁ?¥red on a side of the substrate opposite that of the
surface tg whi ch the 15menbrane is bonded, the port having an opening
extendi ng”t hrough the first substrate to an area adjacent the nenbrane, and

the second substrayeahRsios dw;insfr@rméias@an@péno@e nfmibrafe SYlRSteddt ot opposi t e
that surface to which the second substrate 1s bonded to the first substrate.

2013. A procdR&IVHPLOPHFIY of RAlYsUHaRe, @H'yﬁmﬁr%ﬂ)@%n‘ﬂ?”%ﬁ hEe9f 804 di ng a at | east

one porous MRapsIgMersSBeRr adfifkt QipstrAe: an%#@w@odlﬁy\ﬁﬁyha&wé)ﬂu&@iexém fone.
pol yet her sul fone, bl ends thereof and copol ymers thereof; providing a first and

a second suppé¥ah thearembvsee ding b?ﬁ@hﬁﬁfrléqndﬁﬁ@nsee%‘me%m?o et gibstrale are formed

of PVDF, hhe aﬁamcbn@%aﬁﬁﬁat@aam sifg Pblw.hy@éhraaﬁ@n@ébéﬁe@dne tgach other and a
second surface opposite the first surtace of each plate and the plates having

at | east one spopee pighadicht sHbsiate eomtaingty toamiedrane t he second surface of each
pl ate respectively; heat bonding the at | east one nenbrane to a first surface
of the first support plate; and heat bonding the first surface of the first

plate to the firsyysyhfdeficObr £ FEAPRIRHR! fsi SUbARaRMRA a port
formed on a side of the substrate opposite that of the surface to which the
15  membrane is 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.

20 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

25 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

30 outside of the area of the first surface of the first plate to which the membrane

has been bonded.



30out side of the area of the first surface of the first plate to which the
menbr ane has been bonded. 14. The process of claim 13 wherein the first
surface of the first plate is bonded to the first surface of the second plate
about the periphery of each. 515. The process of claim 13 further conprising
providing a heating elenent heated to a tenper ature of from 490F (254C) to
530F (277C) and appl ying the heati ngI:; el enent to the nenbrane at a desired bond
area whi ch overl agg &P?%r%ﬁesﬁééglﬁ'”é %WPP[%’P\”TW“’?W@P?Qtr@JF?ta{ﬁ%ted? the first
support pl at @oaRed tee \irGukfbee brapk isBeorR] SIERMboantheddripheMDbfiehgn.bond to cool .
10 16. The process of claim13 further conprising providing a heating

el enrent heated to a tenperature of from 490F (254C) to 530F (277C); applying
the heating elenent to the nmenbrane at a desired bond area which overlaps with

at | east g portionsofrhé Reodess ot claii f aagtet cbﬂnfsné.h%@tomﬁ@%bam{@te with
15suffi ci ent pressure to assure intimate con nbrane and t he

first surfacélementheatesdpartemperatee i dropetiit ngo4 e t%@%qofr@?@cé@ﬁﬁt and

al | owi ng t he JpgRhgttAe %@Qilngt element to]tﬁe mMERrBROGES SeSfeLhdHdBréd whitht her
conpri sing provi d| ng a hea el enent heated to a tenperature of from 284F

(1400 to SS@FGQW@W aﬁﬁaﬁwwtlwoﬁtﬁéflﬁéﬂﬁﬁ@ ofl therfirst supParhilateiansk surface of
the second syppg |F1 ﬁéﬁﬁ@at@{are?eace I(?]Eq%ﬁ:e gtﬁé 8nd iComyi ng the heating el enent

and contacting t rst second support plate to the first
surface qf the fi rst plate. 2518. The process of claim 13 further conprising
providing a heating elenent heated to a tenperature of from 284F (140C) to
530F (277C) and aﬁgl yhegragees pealainh S &rtiee aempasing eraviding adgatingce of the

second SUppore’ier?%rﬁth%at%Tdt 48 %Pzﬁ RUNH R LFtioF [ SEPY) '&95@6"? b?ﬁ‘d&“g el ement and

contacting the rst sur ace e second support ‘plate to the first surface
of the first apbling tBeWaating elemgat foithe meshraae et @fesirrs handsarepmdiah i f bonded to

the first surfateQlit BRe3820HioH 8f e ARALLAOEMARE HRRELYOSM piIERWth

15  sufficient pressure to assure intimate contact between the membrane and the
first surface of the support plate and removing the heating element and

allowing the bond to cool.

17. The process of claim 13 further comprising providing a heating
20 element heated to a temperature of from 284°F (140°C) to 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.

25 18. The process of claim 13 further comprising providing a heating
element heated to a temperature of from 284°F (140°C) to 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

30 wherein the first surface of the first plate if bonded to the first surface of the

second plate about the periphery of each.



