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FILM BONDED FLATPACK 

This application claims priority of U.S. Provisional Application 

Serial No. 62/158,606 filed May 8, 2015, the disclosure of which 

is incorporated herein by reference. 

BACKGROUND 

The embodiments disclosed herein relate to membrane-based 

separations devices. 

It is known that biopharmaceutical liquids are in general 

obtained by culture in a bioreactor and that they must then be 

treated to achieve the required characteristics of purity, 

concentration, absence of viruses, etc. Purification can be 

carried out using a succession of treatments such as clarification, 

to eliminate the residues from the bioreactor culture, and viral 

filtration sometimes followed by diafiltration and concentration 

by tangential flow filtration. Other operations exist concerning 

purification, such as chromatography. The purification treatments 

are essentially carried out by filtering operations in a circuit 

or process train. 

Most pleated cartridge filters are limited in area due to the 

physical constraints of the cartridge or housing itself. Some 

cartridges may provide more or less area based on the number of 

membrane pleats, pleat height, and support thickness. Also, the 
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cartridge sleeve has a fixed diameter, which cannot be easily 

modified, as larger sleeves require the creation of a new part. 

These cartridges typically require a plastic or a stainless steel 

housing to manage working pressures. 

In addition, the necessity of pleating the membranes within 

cartridges limits the membranes that can be used due to limitations 

in mechanical properties (for example, certain membranes cannot be 

folded or pleated, since they are susceptible to cracking or 

forming defects that would be deleterious to the filtration 

process). 

It would be desirable to improve the flexibility of membrane-

based separations devices that conventionally required such 

housings by creating a design that can be sized easily for high or 

low filter areas without requiring the modification of tooling or 

equipment. 

It would also be desirable to provide membrane-based 

separations devices that achieve a high membrane density per unit 

area in a flat or planar format, thereby avoiding folding or 

pleating of the membrane material. 

Embodiments disclosed herein relate to a flat pack membrane-

based assembly enabling the simple, economical and convenient 

implementation of treatments for biological fluids, for example. 
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SUMMARY 

In certain embodiments, the membrane-based separation device 

disclosed herein comprises multiple interconnected flat sheets of 

membrane bonded to a flexible film. The bonded films are bonded 

in a way to create an accordion or zig-zag shape. No folds are 

present in the membrane. The accordion or zig-zag shape allows for 

parallel flow, rather than flow in series that occurs with stacked 

assemblies. The number and size of each bonded film can vary. In 

certain embodiments, the first or upstream layer or segment is 

sealed to a suitable housing, and the last or most downstream layer 

or segment is also affixed to the suitable housing. The housing 

may contain an inlet port for the introduction of sample, and a 

spaced outlet port for the removal of filtered sample. The housing 

may be comprised of film material consistent with the filtration 

device itself and could be a film or significantly rigid material 

which could also serve to manage working pressure of the device. 

Suitable applications for the device include clarification, 

prefiltration, sterile filtration, virus filtration, bio-burden 

reduction, concentration and diafiltration of biological fluids, 

including Mammalian, bacterial and mycelial cell suspensions, 

emulsions and. colloidal suspensions, viruses, proteins and other 
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bio-organic macroniolecular solutions, polysaccharides and. other 

high viscosity solutions, yeast, algae, and other high solids 

suspensions, and protein precipitates. 

Since the membranes are not folded or pleated, higher 

performance (i.e., capacity + flow) membranes, such as 

polysulfone-based membranes with some degree of asymmetry, than 

those usable in pleated or folded systems, can be used. In certain 

embodiments, the device is a single-use, disposable device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a membrane-based 

separations device in accordance with certain embodiments; 

FIG. 2 is a cross-sectional view of the device of FIG. 1 shown 

within a pressure management assembly during operation of the 

device, in accordance with certain embodiments; and 

FIG. 3 is a schematic diagram of a tangential flow filtration 

application in accordance with certain embodiments. 

DETAILED DESCRIPTION 

In accordance with certain embodiments, provided herewith is 

a flexible membrane-based separations device that utilizes an 

accordion or zig-zag configuration comprised of multiple segments 

or layers that are joined together, or comprised of a single folded 
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segment. This configuration allows for parallel flow of fluid 

sample, in contrast to the in series flow typical of stacked 

separation devices. Device could be configured in such a way to 

achieve both parallel and serial flow within a single device. 

In certain embodiments, the device is unitary, integral, and 

disposable (i.e., is a single-use device). In certain embodiments, 

the device is flat or planar, or substantially so. In certain 

embodiments, the device can be used for normal flow filtration. 

In certain embodiments, the device can be used for tangential flow 

filtration. 

Rather that utilizing membrane support plates (typically 

plastic injection molded), embodiments disclosed herein utilize a 

thin film (in conjunction with non-woven material or screen 

material) to support the membranes in the device. This 

configuration can help achieve higher area and lower cost. 

Suitable thin films include polymeric films such as polysulfone 

film and polyolefin films, including polyethylene and 

polypropylene film. Preferably the film is sealable or weldable 

to the membrane and to itself, and is fluid impervious. Suitable 

mechanisms for sealing include the use of a suitable sealing agent 

such an epoxy; heat sealing; or chemical bonding. Slots or other 

apertures may be formed in the film in the region of the membrane 

to allow fluid flow, or the film may form a "picture frame" 
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relative to the membrane to allow flow to pass through under the 

membrane. 

Suitable membranes include macroporous or microporous 

polymeric membranes, ultrafiltration membranes and hydrophilic or 

hydrophobic membranes. Suitable membrane materials include 

polyethersulfone, nylon, nitrocellulose, cellulose esters, 

regenerated cellulose, polycarbonate, polyethylene, 

polypropylene, etc. The membrane material should be sealable to 

the thin film supporting it. 

In certain embodiments, each segment or layer of the multi­

layer device includes a fluid impervious polymeric film, and a 

filtration or adsorbtive membrane sealed to the film such that the 

membrane is exposed on both major surfaces of the film to provide 

available filtration area for filtration of the fluid sample 

introduced into the device. In certain embodiments, each segment 

or layer has spaced apart first and second longitudinal end edges. 

In certain embodiments, a first one of these segments or layers is 

then coupled, preferably at or near one longitudinal end edge 

thereof, to a second one of these segments, also at or near one 

longitudinal end edge thereof. The second segment or layer may be 

also coupled, at or near the opposite longitudinal end edge 

thereof, to a third segment or layer, also at or near one 

longitudinal end edge thereof, and so on. The polymeric film of 

6 

6



WO 2016/182624 PCT/US2016/021698 

each layer provides a fluid barrier, thereby forcing fluid to pass 

through the membrane sealed to that layer. The segments or layers 

can be coupled, joined or attached by any suitable means, such as 

heat welding. 

In certain embodiments, the device includes a housing 

containing a first fluid impervious polymeric film segment having 

a first membrane sealed thereto, the first fluid impervious 

polymeric film having a first leading edge and a first trailing 

edge; and a second fluid impervious polymeric film segment having 

a second membrane sealed thereto, the second fluid impervious 

polymeric film having a second leading edge and a second trailing 

edge. In certain embodiments, the first trailing edge of the first 

fluid impervious polymeric film segment is joined to the second 

leading edge of the second fluid impervious polymeric film segment, 

such as by welding. The first and second fluid impervious polymeric 

film segments form a zig-zag configuration, and as a result, fluid 

introduced into the housing flows through the first and second 

membranes in parallel. The device can include additional fluid 

impervious polymeric film segments with membrane sealed thereto, 

each additional segment being joined to an upstream segment to 

continue the zig-zag pattern (more segments means more filtration 

area and more processing volume). 
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Turning now to FIG. 1, there is shown a cross-sectional view 

of a membrane-based separation device 10 in accordance with certain 

embodiments. In the embodiment shown, the device 10 includes a 

suitable outer housing or outer shell 11 having a sample inlet 

port 16 and a sample outlet port 17, the location of which in the 

housing is not particularly limited. The configuration of the 

inlet and outlet are not particularly limited, and can include 

tubes, hosebarbs, sanitary flanges such as Tri Clover fittings, 

etc. Suitable housing materials of construction include materials 

compatible with film which would allow them to be sealed/bonded to 

the film, such as polysulfone, polyethylene, polypropylene, etc., 

and should be capable of managing low pressures (e.g. 0-lpsi) to 

test the integrity of the weld/bonds when unrestrained. In certain 

embodiments, the outer layer or housing 11 is constructed of the 

same material as the film, and may be formed of two films sealed 

by film-to-film bonds as shown. Inlet, outlet, and vent fittings 

may be bonded or sealed to the housing 11. In addition, there 

also may be a secondary shell/housing which is in intimate contact 

with outer film layer (housing) used to manage operating pressure. 

In certain embodiments, the housing 11 material is chosen so that 

it is bondable to the polymeric thin film membrane support 

material. The pressure managing housing 21 (FIG. 2) can be 

integral to the membrane packet (e.g., bonded to it due to similar 

8 

8



WO 2016/182624 PCT/US2016/021698 

materials being used) or it can be stand-alone (dissimilar material 

and reusable) . Since housing 21 does not contact the sample, it 

need not be a gamma stable material. 

Shown inside the housing 11 are a plurality of layers or 

segments 13, each comprising a membrane film support and a membrane 

14 sealed thereto. The number of layers or segments is not 

particularly limited; any number of layers or segments can be used 

depending upon, for example, the size of the housing and the 

desired extent of filtration. As can be seen in FIG. 1, each 

successive segment 13 is attached to the next segment 13 at each 

respective longitudinal end edge thereof, such as by film-to-film 

bonds to seal the membrane supports 13 to each other in a zig-zag 

pattern. In certain embodiments, the leading longitudinal end edge 

of the uppermost segment 13 is sealingly attached to the inner 

housing wall 11, as is the trailing edge of longitudinal end edge 

of the lowermost segment 13, both by film-to-film bonds. 

In accordance with certain embodiments, flow through the 

membrane-based separations device 10 is in parallel to two adjacent 

segments or layers. In the embodiment shown, there are four 

segments or layers, although those skilled in the art will 

appreciate that fewer or more could be provided. Fluid sample 

introduced into the inlet port 16 flows through the available 

membrane area of the upstream side of the membrane 14 in the first 
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segment or layer 13, and also through available membrane area of 

the up side of the membrane 14 in the second segment or layer 13. 

Similarly, fluid sample introduced into the inlet port 16 flows 

through the available membrane area of up side of the membrane 14 

in the third segment or layer 13, and also through available 

membrane area of the up side of the membrane in the fourth segment 

or layer 13. Filtered fluid from each of the segments or layers 

proceeds to the outlet port 17 of the device 10. 

In accordance with certain embodiments, additional support 

for the membranes in each segment or layer can be provided, such 

as with a fluid permeable mesh or grid 15 (such as nonwoven or 

woven polymeric material) positioned on the downstream side of the 

membrane. Such a membrane support allows increased operating 

pressures, for example up to about 50-60 psi. The mesh or grid 15 

may also assist in carrying the fluid flow away from the membrane 

and towards the outlet port 17 of the device. The open area of 

the grid or mesh 15 should be chosen so as not to choke the flow. 

Suitable materials for the support grid include wovens such as 

polyester, polyethersulfone (PES), polypropylene, nylon; and 

nonwovens such as polyester, polyethersulfone (PES), 

polypropylene, nylon and polyethylene. In embodiments where the 

device is used as a pre-filter, a grid with a relatively large 

open area can be used so as to not choke flow. 
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In certain embodiments, an upstream flow channel support 12 

may be used to help keep the upstream side of the membrane 14 

accessible to inlet fluid during operation. 

In certain embodiments, the membrane-based separations device 

is sterilized by suitable means such as gamma radiation. 

In certain embodiments, rather than bonding multiple layers 

or segments together, a single sheet could be used, and folded at 

spaced locations to form the accordion or zig-zag configuration. 

In certain embodiments, the flat pack filter device may be 

used with a pressure management assembly as shown in FIG. 2. Thus, 

the assembly 20 includes the filter device 10, with top and bottom 

rigid pressure management endplates 21 confining the device 10. 

An inlet port 16 and an outlet port 17 may be formed in one of the 

endplates 21 as shown, or one port may be formed in each of the 

endplates 21. During operation, the endplates 21 limit the extent 

to which the device 10 expands due to operating pressures. 

An example of a tangential flow filtration application is 

shown in FIG. 3. Tangential flow filtration (TFF) or cross-flow 

filtration involves feeding product tangentially along the surface 

of the membrane, which helps reduce product concentration at the 

membrane surface and minimize pore blockage. The flat pack filter 

device is placed in a housing 22 as shown. Feed is fed into inlet 
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port 16 and upon the application of a driving force, such 

applied pressure, retentate exits through port 18. 
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What is claimed is: 

1. A single-use membrane-based separations device, 

comprising a first fluid impervious polymeric film 

segment having apertures and having a first membrane 

sealed thereto, said first fluid impervious polymeric 

film having a first leading edge and a first trailing 

edge; and a second fluid impervious polymeric film segment 

having apertures and having a second membrane sealed 

thereto, said second fluid impervious polymeric film 

having a second leading edge and a second trailing edge; 

wherein said first and second fluid impervious polymeric 

film segments form a zig-zag configuration, and wherein 

fluid introduced into said device flows through said first 

and second membranes in parallel; characterized in that 

said first trailing edge of said first fluid impervious 

polymeric film segment is joined to said second leading 

edge of said second fluid impervious polymeric film 

segment by epoxy, heat sealing or chemical bonding. 

2. The membrane-based separations device of claim 1, further

comprising a third fluid impervious polymeric film

segment having a third membrane sealed thereto, said third

fluid impervious polymeric segment having a third leading

edge and a third trailing edge, wherein said second

trailing edge of said second fluid impervious polymeric
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film segment is joined to said third leading edge of said 

third fluid impervious polymeric film segment. 

3. The membrane-based separations device of claim 1, further

comprising a housing containing said first and second

fluid impervious polymeric film segments, and wherein

said first leading edge of said first fluid impervious

polymeric film segment is joined to said housing.

4. The membrane-based separations device of claim 1, further

comprising a housing containing said first and second

fluid impervious polymeric film segments, and wherein

said second trailing edge of said second fluid impervious

polymeric film segment is joined to said housing.

5. The membrane-based separations device of claim 1, further

comprising a pressure management assembly comprising

first and second endplates confining said device.

6. The membrane-based separations device of claim 1, further

comprising a housing containing said plurality of

segments; said housing having a feed port and a retentate

port spaced from said feed port.
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