
MEMBRANE LAMINATE RELATED APPLICATIONS This
application claims the benefit of priority of U.S.
Provisional Patent Application No.: 60/930,585, filed
on May 17, 2007, the entire contents of which are
incorporated by reference herein. FIELD OF THE
INVENTION This invention relates to a membrane
structure comprising a polysulfone or polyethersulfone
membrane, heat bonded to a PVDF (polyvinylidene
fluoride) substrate. 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 comprising 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.PS or PES membrane can be easily
thermally bonded to a polysulfone substrate (plate)
because of the similarity of the materials. However,
it is difficult to bond the plates together. A process
typically used to bond plates together is called
contact welding. The process involves putting two
plastic plates in contact with a heater until the
plastic begins to melt. The plates are then removed
from the heater, the heater is slid out of the way and
the plates are pressed together. This process requires
the plastic material to remain molten until the two
plates are pressed together so that, when the material
cools, the two plates are completely welded. It is
difficult to weld a polysulfone or polyethersulfone
plate to a plate of the same or similar material using
this process. It has been found that melted PS or PES
quickly forms a skin when the heating element is
removed therefrom which renders formation of a good
plate to plate bond difficult. Other methods of
welding PS or PES plates together have been attempted
and proven to be difficult or produce some negative
effect on the 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 



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.DESCRIPTION OF THE DRAWING
Figure 1 is an exploded view of a filtration cartridge
produced by the present invention. Figure 2 is an
exploded view of a filtration cartridge produced by
the present invention. SUMMARY OF THE INVENTION The
present invention provides filtration cartridge
elements having a PS or PES membrane heat bonded to a
polyvinylidene fluoride (PVDF) substrate. Two or more
PVDF substrates are then easily and simply bonded
together. Heat bonding is effected by applying a
heating element under pressure to a membrane
comprising PS or PES or copolymers thereof or blends
thereof which, in turn, is in contact with 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 i
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 0F (140 0C) and about 446 0F
(2300C). Such membranes are well known and made by
many manufacturers including Millipore Corporation of
Billerica, Massachusetts under tradenames such as
Millipore Express(r) membranes. A preferred membrane
is a unitary membranemade by a co-cast process in
which the composite membrane is formed from two or
more polymeric solutions which are cast upon each
other essentially simultaneously. This allows one to
create unique membranes such as having two zones of
asymmetry or symmetry, a zone of asymmetry with a zone
of symmetry and the like. Pore sizes and thickness in
each of the zones can also be varied. US 7,208,200
shows one process for making such membranes. The PVDF
substrate to which the PS and/or PES membrane is
bonded can be designed to include internal porting for
feed, permeate and/or retentate as well as fluid
pathways to effect desired fluid flow. PVDF generally
has a melting point between about 284 0F (14O0C) and
about 356 0F (180 0C). In 



order to effect bonding of one or more PS and/or PES
membranes to a PVDF substrate, a heating element is
provided. It is preferred that the portion of the
heating element that contacts the membrane is provided
with an anti-stick surface such as
polytetrafluoroethylene (PTFE) so that the membrane to
substrate bond is not adversely affected. The heating
element is heated to a temperature of between about
490 0F (254 0C) and about 530 0F (277 0C) 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.The second substrate is heated with the
heating element and then pressed against the surface
of the first PVDF substrate containing the membrane to
seal the first and second PVDF substrates together.
The following example illustrates the present
invention and is not intended to limit the same. 



Example 1 As shown in Figure 1, a polyethersulfone UF
membrane 10 was bonded to the circular PVDF support
plate 12 having a fluid outlet 14. The temperature of
the heating element used was 51O0F (2650C) to 54O0F
(2820C). 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 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 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(r) 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
designoften used in cassette style filter devices. In
Figure 2, the PS or PES membrane 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 membrane is attached to the first
cassette frame 34. Various ports 40 are shown in the
cassette frames 34 and 38. Two or more frames may be
used. Multiple cassettes can be stacked upon each
other to form a suitably sized device. The cassettes
may have a sealed outer surface, at least on the
outermost cassette on each end or they may have
separate additional solid end plates (not shown) also
made of PVDF bonded in a similar fashion to their
outer surfaces as are well known in the art.CLAIMS
What is claimed: 1. A laminate comprising at least one
porous membrane selected from the group consisting of
polysulfone, polyethersulfone, blends thereof and
copolymers thereof heat bonded to a substrate
comprising polyvinylidene fluoride. 2. The laminate of
Claim 1 wherein said membrane comprises polysulfone.
3. The laminate of Claim 1 wherein said membrane
comprises polyethersulfone. 



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 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.10. The laminate of Claim 5 wherein
said substrate includes at least one fluid pathway.
11. A device comprising at least one porous membrane
selected from the group consisting of polysulfone,
polyethersulfone, blends thereof and copolymers
thereof, a first substrate comprising polyvinylidene
fluoride to which the membrane has been heat bonded on
a surface of the first substrate and a second
substrate comprising polyvinylidene fluoride bonded to
the surface of the first substrate containing the
membrane. 12. The device of claim 11 wherein the first
substrate has a port formed on a side of the substrate
opposite that of the surface to which the 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. 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.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. 15. The
process of claim 13 further comprising providing a
heating element heated to a temperature of from about
49O 0F (254 0C) to about 53O 0F (277 0C) and applying
the heating element to the membrane at a desired bond
area which overlaps with at least a portion of the
first surface of the first support plate and removing
the heating element and allowing the bond to cool. 16.
The process of claim 13 further comprising providing a
heating element heated to a temperature of from about
49O 0F (254 0C) to about 530 0F 



(277 0C); applying the heating element to the membrane
at a desired bond area which overlaps with at least a
portion of the first surface of the first support
plate with 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 element heated
to a temperature of from about 284 0F (14O0C) and
about 530 0F (277 0C) 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 0F (14O0C) and about 530 0F (277 0C) 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 surfaceof the
first plate wherein the first surface of the first
plate is bonded to the first surface of the second
plate about the periphery of each. 


