SELF CONTAINED DISPOSABLE TANGENTIAL FLOW FILTRATION
LINER This application claims priority of U.S. Provisional Application Serial
No. 61/273,390 filed August 4, 2009, the disclosure of which is incorporated
herein by reference. BACKGROUND OF THE INVENTION Tangential Flow
SutrrticoNTRTNSX SAFOEARINOTANGHNT UASS MWD RIESRABEON AT NER
components in a liquid solution or suspension on the basis of size or
moleculeveight difterences. Applicationsrinshideyconeentration, elayificationa 1
A@pdidesalting fproteinsand ethertiomelecalessuchasnpuclegtidesp9, the
dastigeas,anc menoconal antihediesohufferexcbange; processerence.
development; membrane selection studies; pre- chromatographic clarification
to remove colloidal EBRCEEROUND,/ roFe THE MIMVENIILONlecules such as
dextrose and antibiotics; harvesting, washing or clarification of cell cultures,
lysatas repdoidab suspansionsand visalicutturesT BRY sammple prepatrationa tnion
TFF, the solution or suspension to be filtered is passed across the surface of
ptleamembtdein asressHilono modss The drivingeforces forcfitratioreistthe in  a
transmembrane pressure, usually created with a peristaltic pump in
1 disposabte TEFiapplications UFlpe veloeity ab whicthehelfitsate ispassedze or
across the membrane surface also controls the filtration rate and helps
npkeventeloggisg oht differences. Applications include

concentration, clarification, and desalting of proteins and

other Dbiomolecules such as nucleotides, antigens, and

monoclonal antibodies; buffer exchange; process
development; membrane selection studies; pre-
chromatographic clarification to remove colloidal
particles; depyrogenation of small molecules such as
dextrose and antibiotics; harvesting, washing or
clarification of cell cultures, lysates, colloidal

suspensions and viral cultures; and sample preparation.

In TFF, the solution or suspension to be filtered is
passed across the surface of the membrane in a cross-flow
mode. The driving force for filtration is the
transmembrane pressure, usually created with a peristaltic
pump in disposable TFF applications. The velocity at which
the filtrate 1is passed across the membrane surface also

controls the filtration rate and helps prevent clogging of



1 the membrane. Because TFF recirculates retentate across the membrane
surface, membrane fouling is minimized, a high filtration rate is maintained,

and product recovery is enhanced. Conventional TFF devices are formed of
a plurality of elements, which may include a pump, a feed solution reservoir,

tafiltratiop medule andcondyits foreonneeting-these elermentss huse, theross
feed solution is directed from the feed solution reservoir to the filtration

t aodidewidlectheretentate framithe fikration modyle is recirculatesd from thegh
filtration module to the feed solution reservoir until the desired volume of
f1etentate ds obtained. The membtaneisisandwicheg betiveen topane botion s
manifolds or holders, which serve to provide accurate mechanical constraint
erdgainst the internal hydraulic pressure of the device, and also serve to
distribute the filtration stream across the multiple flow paths within the
deviceoiihese imanifoldsar hialderseare dypicatly made offstainlpdsisteel tandof
must be cleaned and validated prior to each use, particularly in
e biopharmaceuticatlandrother samitarydapphkcationspethis &s arf egpensivel afd on
time-consuming process. Where cleaning and validation steps are desired to
réee eliminatecawlien replading thecfiltrattoremedianm disgosalfler connecting
these elements. In use, the feed solution is directed from
the feed solution reservoir to the filtration module while
the retentate from the filtration module is recirculated
from the filtration module to the feed solution reservoir
until the desired volume of retentate 1s obtained. The
membrane is sandwiched between top and bottom manifolds or
holders, which serve to provide accurate mechanical
constraint against the internal hydraulic pressure of the
device, and also serve to distribute the filtration stream
across the multiple flow paths within the device. These
manifolds or holders are typically made of stainless steel
and must be cleaned and validated prior to each wuse,
particularly in biopharmaceutical and other sanitary
applications. This 1s an expensive and time-consuming
process.

Where cleaning and validation steps are desired to be

eliminated when replacing the filtration medium, disposable



2 liners can be used instead of the reusable stainless steel liners. The liners
incorporate the flow channels and inlet and outlet ports that were previously
present in the manifolds, and isolate the process fluid from coming into
contact with the TFF holder. The liners can be made of an inexpensive

1 materaland thereforeare dispesable aftena siegle useemaking:it mese ¢aste 1
effective to dispose of them than to clean the conventional manifolds. In

1 addition, thedineisearsbe prassiesilized In peder towrevide sefficieahd inlet
strength and rigidity under operating conditions, the liners can have a grid

arpattesuefighs thas rabut the holderplates to belpprevent thedinersfromn  the
torquing under clamping force (see, for example, U.S. Patent No. 7,306,727,

mdhe disttosuresefdvhichvisaieremhéncotporates by refefencepnCompression ot o
the manifolds and/or liners that make up the filtration module is critical to

cemsareefficient fitratioRBndavoi-fluid Bakajge nEarverdionally, nade of an
compression of these elements is achieved using a plurality of threaded

1medpeassshowmin FGi 4 1 Thenconmponentoot themevidé pasamanifoldser a
liners, filtration cassettes, top and bottom plates) are provided with

s apeteares each diatensipned toreceiveca séspedtieaot{ewot showsind=6. of

1), and are stacked, in the appropriate
them than to c¢lean the conventional manifolds. In

addition, the liners can be pre-sterilized. In order to
provide sufficient strength and rigidity under operating
conditions, the liners can have a grid pattern of ribs that
abut the holder plates to help prevent the 1liners from
torquing under clamping force (see, for example, U.S.
Patent No. 7,306,727, the disclosure of which 1is hereby
incorporated by reference).

Compression of the manifolds and/or liners that make
up the filtration module 1is critical to ensure efficient
filtration and avoid fluid leakage. Conventionally,

compression of these elements is achieved using a plurality

of threaded rods, as shown in FIG. 1. The components of
the device (e.qg., manifolds or liners, filtration
cassettes, top and bottom plates) are provided with

apertures each dimensioned to receive a respective rod (two

shown in FIG. 1), and are stacked, 1in the appropriate



3 order, on the rods into sealing relationship. Nuts or the like are then
threaded onto the rods to retain these elements under compression during
filtration. When the nuts on the TFF holder are loosened, such as after
completion of a filtration run, the compression on sealing gaskets of the TFF

o £assettesis lasteThis gauses: any duidihelp up i holdryp Melumeiindbe or the
channels of the cassette to leak out of the module, which can be

1 Preblematic, padicularhrwher the Huigds texie. Feb@xample, aremerginghese
technique in bioprocess manufacturing is to conjugate toxins onto certain
e aoractenal midibodiespMaks)ohisuesuls inihighlydoxig process fluids, the
leakage of which in the manner described above represents a health hazard
to thetuser. litikerefore wouldthe dasimble-toderovide €ompsessient ,of serthina s
of the TFF components independently of the overall compression of the
a fievice creatée by dhe holdes inf dfder 4a avoid leakagebEfluidsdfromdbkeon on
device. SUMMARY OF THE INVENTION The shortcomings of the prior art
s ame ovgregmekigytheoémbodiments disclesedckerein, Whigh inclutieias causes
tangential filtration assembly including one or more manifolds or 4
apyefédablyldisposable livers tivatGresealetundependehtly channels of the
cassette to leak out of the module, which can Dbe
problematic, particularly when the fluid is toxic. For
example, an emerging technique in bioprocess manufacturing
is to conjugate toxins onto certain monoclonal antibodies
(Mabs) . This results in highly toxic process fluids, the
leakage of which in the manner described above represents a
health hazard to the user.
It therefore would be desirable to provide compression
of certain of the TFF components independently of the

overall compression of the device created by the holder in

order to avoid leakage of fluids from the device.

SUMMARY OF THE INVENTION

The shortcomings of the prior art are overcome by the
embodiments disclosed herein, which include a tangential

filtration assembly including one or more manifolds or



of the complete module. In accordance with certain embodiments, a
tangential flow filtration device is provided wherein one or more liners are
located between the filtration element and the top and bottom holders. The
liners include flow channels and inlet and outlet ports. The liners preferably

p &€& aade of an B}ﬁ_%@@ﬂi'k\!e M&i@@@_aﬂﬂéﬂefﬁﬁ@ée akesdisposahle-géigrant 1y
single use, making it more cost effective to dispose of them than to clean the
o £opMentianab manifoldsd fakricated from stainless steel. In addition, the liners
can be pre-sterilized. In order to provide sufficient strength and rigidity under
operating gonditions,dbe winers candtiavena gritbpatiers of sips thatabuydhe 1a1
holder plates to help prevent the liners from torquing under clamping force.
f Idve orie bt maredinersiean irclude onerary intrd sertsor Pors asrmounts, falre
removably affixing a sensor to the liner. If a sensor is present, a diaphragm
1 isdisposedbeiween ¢the senserand thecfluidi passageway #l dhetinerand the
isolating the sensor components from directly contacting fluid in the
t passageway L The sénsoieemains Wapablersf sensing thelpressune oftlennels
fluid in the passageway, but the presence of the diaphragm prevents the
as@nsorlfedmdeihgeantamirated by thd Tleid L Arimes frome Seplatelinclades made
screws or the like which connect to the
of an inexpensive material and therefore are disposable
after a single wuse, making it more cost effective to
dispose of them than to clean the conventional manifolds
fabricated from stainless steel. In addition, the liners
can be pre-sterilized. In order to provide sufficient
strength and rigidity under operating conditions, the
liners can have a grid pattern of ribs that abut the holder
plates to help prevent the liners from torgquing under
clamping force. The one or more liners can include one or
more sensor ports or mounts, for removably affixing a
sensor to the liner. If a sensor 1is present, a diaphragm
is disposed between the sensor and the fluid passageway in
the liner, isolating the sensor components from directly
contacting fluid in the passageway. The sensor remains
capable of sensing the ©pressure of the fluid in the

passageway, but the presence of the diaphragm prevents the

sensor from being contaminated by the fluid. A liner front



filtration cassette and a second TFF liner plate to seal the same together
independently of the holder plates. In certain embodiments, disclosed is a
self-contained disposable assembly consisting essentially of a first liner
having a fluid inlet, a fluid outlet, at least one fluid path within said liner; a

p filteation memberrs anda-seeond dinerwhereinthe,firstand segaadtiners  the
surround the filtration member and are compressed sufficiently so as to

f iminiraize ©f preveptleakagenof fluid frosd this campresses: agsembly. to  seal
remains compressed even when not held between the outer plates. Any

tlederpenkthabisaotdypicalye sisposableywits this @ssembbyrisiconsitered to
materially affect the novel and basic characteristics of this assembly. BRIEF
DESCRIRIHONOf T DIRABING S FGs dlis aaexploded vewf@ntained
conventional TFF device shown with steel holders having through holes
diusedstocfeed asEekifilter cassettetamdy FEKG. <2 istarm éxploded perspestivel iner
view of a tangential flow filtration assembly in accordance with certain
hambodiments. 6iDETAINLED DESCRIFTIOMOESTHE INVENEHON Turaing toid
FIG. 2, there is shown a filtration device 10 in accordance with certain
ra&mbodiments. B devidgend®@; a filtration member, and a second
liner, wherein the first and second liners surround the
filtration member and are compressed sufficiently so as to
minimize or prevent leakage of fluid from this compressed
assembly. It remains compressed even when not held between
the outer plates. Any element that 1is not typically
disposable with this assembly is considered to materially
affect the novel and Dbasic characteristics of this

assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1is an exploded view of a conventional TFF
device shown with steel holders having through holes used
to feed a TFF filter cassette; and

FIG. 2 is an exploded perspective view of a tangential
flow filtration assembly in accordance with certain

embodiments.



includes a front holder 12 and a spaced back plate 13. The holders 12, 13
are preferably in plate form and are made of stainless steel and are
sufficiently rigid and durable to provide accurate and effective mechanical
constraint of the assembly against internal hydraulic operating pressures,
such as 50-60gsia4perusssiraenyonides irdre TedrsIich 13 and in
each layer of the assembly to accommodate tie rods or threaded pins or
bolts A4reriether: elamping devieentorsecure thrassemblytogether.copagels ce
(not shown) can be provided, and can be spring-loaded. In the embodiment
1 Bhawn, necfitration streaim passagenays ard qiesenitis the holdersid2it3 10
Positioned next to back holder 13 in the assembled state is a first liner 16.
iddhedies 16 i$ preferabdyl thade 1 af adispasahlecinexpensiveomaterial 3. The
suitable for the application, that is acceptable for the particular assay, such
habdehasmareeutical assaysy ésrad-pieferably is lgoverdment apploved) Suithible £
materials of construction include plastics, such as polystyrene, preferably
s polyolefins, suckeds polyprepyensy polyeilyiene; copoiymersdndimixtuies to
thereof. Polysulfone is 7 particularly preferred in view of its strength and
prigiditye The diner 1 isypréferalily andided rerahay bea formed<byrmilliig,of the

drilling and other such methods. It
assembly against internal hydraulic operating pressures,

such as 50-60 psi. Apertures 28 are provided in the
holders 12, 13 and in each layer of the assembly to
accommodate tie rods or threaded pins or bolts 14 or other
clamping device to secure the assembly together. Spacers
(not shown) can be provided, and can be spring-loaded. In
the embodiment shown, no filtration stream passageways are
present in the holders 12, 13.

Positioned next to back holder 13 in the assembled
state is a first liner 16. The liner 16 is preferably made
of a disposable, inexpensive material, suitable for the
application, that is acceptable for the particular assay,
such as pharmaceutical assays, (and preferably is
government approved). Suitable materials of construction
include plastics, such as polystyrene, preferably
polyolefins, such as polypropylene, polyethylene,

copolymers and mixtures thereof. Polysulfone is



includes one or more aperture 28 for receiving the respective tie rods 14. In
certain embodiments, the liner 16 also includes a plurality of apertures 69,
each configured to receive a corresponding clamping mechanism 70, such
as a screw, bolt, pin, tie rod, or the like. Preferably the apertures 69 are

pspaced and 1gcated-aeanthegparameter; ot the liper 16ias shoyn-dndher  and
embodiment shown, there are six such apertures 69 and six corresponding

r Lépiraping mechanismsi A ralthaughdhosee skilledh nthenantywll appreciatey be
that fewer or more could be used, provided that a sufficient number is used
f dereffectviateraigaachseal among the componentse A filkiation elemesd20is 1t
sandwiched between first liner 16 and a second liner 22 in the assembled
istatedébe filtrationcetementr20 carpbe awstiegle pemifrane, arekisipreferablyhe
a plurality of stacked membranes, such as stacked ultrafiltration or
rawiprofittiattontmembraihes 1most preferablygprovided adthesfotra,of ahe liner
cassette. Although a single cassette of membranes is shown, those skilled in
1 ¢he artwill apprdciatethatamultiplercassetyes can beapsed.uBagablé 9, each
cassettes are sold under the name PELLICON(r) and are 8 commercially
cavailghlegromtiMilliperecGorporation oThie sgazsdtie @alighsawithi the limerc2 tAissm
is conventional in the art, the liner 22 includes a
70, such as a screw, bolt, pin, tie rod, or the 1like.
Preferably the apertures 69 are spaced and located near the
parameter of the liner 16 as shown. In the embodiment
shown, there are six such apertures 69 and six
corresponding clamping mechanisms 70, although  those
skilled in the art will appreciate that fewer or more could
be used, provided that a sufficient number is used to
effectuate a good seal among the components.

A filtration element 20 1is sandwiched Dbetween first
liner 16 and a second liner 22 in the assembled state. The
filtration element 20 can be a single membrane, and is
preferably a plurality of stacked membranes, such as
stacked ultrafiltration or microfiltration membranes, most
preferably provided in the form of a cassette. Although a
single cassette of membranes is shown, those skilled in the

art will appreciate that multiple cassettes can be used.

Suitable cassettes are sold under the name PELLICON® and are



first port 17A, one or more sub-ports 17C, a second port 17B and one or
more sub-ports 17D. Port 17A can be used for introduction of feed or
removal of retentate, depending on its orientation within the assembly, with
port 17B for removal of permeate, while preventing admixture of the filtrate

covithethe retenjate o feedaisdis cenventional IR ALA isdrfididation. The
communication with the one or more sub-ports 17C. Port 17A also is in fluid

cLosynricatianwithitherfeed portiefdhe zassette, e.g., a PELLICON(r)
cassette. Port 17B is in fluid communication with the one or more sub-ports
17D. Rorti k7B tsnorly 1 eammunication with 17Pnand theperaratendraiies a
port of the cassette. The ports 17A and 17B may be located on opposite

f sides obther linerzin ordes tooprovide @dequate spasing aagd awoidecond port
interferences with other components. However, where spacing is sufficient or

1 T® irterferenee occurs; theysmay phbe tocatedion theesame side. Each pert used
17A, 17B is in fluid communication with flow paths or passageways in the

f diner hody dhattcammanicateswitlo respentive dperfures te raccommaotiate rildwn g
of feed, retentate or permeate as is conventional, thereby defining multiple

orflow pathsroe then Qifiltratiohtstieantwithin ke devige. Thetpassagéway&cahor
be tapered, narrowing as they proceed away from their respective port, to

reemalize pfeseeratedch of e dgb- preventing admixture of the

filtrate with the retentate or feed, as 1s conventional.
Port 17A is 1in fluid communication with the one or more
sub-ports 17C. Port 17A also 1is in fluid communication
with the feed port of the cassette, e.g., a PELLICON®
cassette. Port 17B 1is in fluid communication with the one
or more sub-ports 17D. Port 17B is only in communication
with 17D and the permeate drain port of the cassette. The
ports 17A and 17B may be located on opposite sides of the
liner 1in order to provide adequate spacing and avoid
interferences with other components. However, where
spacing 1is sufficient or no interference occurs, they may
be located on the same side. Each port 17A, 17B is in fluid
communication with flow paths or passageways 1in the liner
body that communicate with respective apertures to
accommodate flow of feed, retentate or permeate as 1is

conventional, thereby defining multiple flow paths for the



ports 17C and 17D. In accordance with certain embodiments, the
combination of the first liner 16, the one or more filter elements 20, and the
second liner 22, are compressed independently of the compression of the
entire assembly (e.g., the assembly including the holders 12 and 13). To

£ that-end; suitable seceiving members 72iean be provided inpihe liner/ 0 can
receive the clamping mechanism 70. By way of illustration, the preferred

bdeceiyingraambers are whrepdegsapertiges, eonfigused te thieadinghyreceiver r
threaded rods, screws, bolts and/or pins or the like extending from the first
rptate d6i Fhusdn this tembediment the filtrationelement 20 issantwichedsub-
between the first and second liners, and the threaded rods, screws, bolts
pandéoripins Zaodr thelike extending from the first liner 16 are screwed into
respective threaded apertures 75 in the second liner 22 so as to compress
the components i &eating relatiorh A torgeretwrench cambedisedrtosachievehe
the desired compression without over-tightening. In the embodiment shown,
caoroocoressponding redeivingimembeisare hécesshgy intlee filter mrensbef 20t er
since it is dimensioned 10 to be narrower than the liner 22 and thus sits
e limwerthsof e receiing niembersctB T helindependsht coapressionof diesed
liners can be
independently of the compression of the entire assembly
(e.g., the assembly including the holders 12 and 13). To
that end, suitable receiving members 75 can be provided in
the liner 22 to receive the clamping mechanism 70. By way
of illustration, the preferred receiving members are
threaded apertures, configured to threadingly receive
threaded rods, screws, bolts and/or pins or the 1like
extending from the first plate 16. Thus, in this
embodiment the filtration element 20 is sandwiched between
the first and second liners, and the threaded rods, screws,
bolts and/or pins 70 or the like extending from the first
liner 16 are screwed into respective threaded apertures 75
in the second liner 22 so as to compress the components in
sealing relation. A torque wrench can be used to achieve
the desired compression without over-tightening. 1In the

embodiment shown, no corresponding receiving members are

necessary in the filter member 20, since it is dimensioned

10



achieved in other ways, such as with over-center toggle claims, cable ties,
band clamps, etc., which would not require the use of apertures 75. In
certain embodiments, one side of one or both of the liners 16, 22 can include
a plurality of inter-engaging ribs. The ribs provide added rigidity to the liners,

t@ngd€andeforned imthe ralding: peacess. Eherribswhenipresemwaredly of
positioned on the side of the liner that contacts the holder plate 12 or 13.

tHderihsexiend fiaempae Sidesof the liner to the other, except where
interrupted by a port. When assembled, there is significant clamping force

applieth¢o thenfilteseterment 20canskthedines, witle sealirg takingsplace can be
between the smooth side of the liner 16, 22 and the filter element 20. The
acibsassist ineffectively assgmble thedinerssin wseatingoenrgagemenritipanthel e
application of pressure, without the necessity of having corresponding
cgraoves inc dhe holdet gigtesidamiatecwithtizg ribstAccordinglythewould not
respective surfaces of the holder plates that abut the grids of the liners can
rdgdfiatcandhreedswmot bé specialhyudesigiiéd to fif thedmers ikl Iardertdiments,
embodiments, one or more sensors 50 are removably connected to mount
oports iniene dr muote of theodisposabié dinérsnEospurposes ofdlustratiohdre a
port 30 is shown in liner 22. The port or ports 30 are each
plurality of inter-engaging ribs. The ribs provide added
rigidity to the liners, and can be formed in the molding
process. The ribs, when present, are positioned on the
side of the liner that contacts the holder plate 12 or 13.
The ribs extend from one side of the liner to the other,
except where interrupted by a port. When assembled, there
is significant clamping force applied to the filter element
20 and the 1liner, with sealing taking place between the
smooth side of the liner 16, 22 and the filter element 20.
The ribs assist in effectively assemble the 1liners, in
sealing engagement upon the application of ©pressure,
without the necessity of having corresponding grooves in
the holder plates to mate with the ribs. Accordingly, the
respective surfaces of the holder plates that abut the

grids of the liners can be flat, and need not be specially

designed to fit the liners.
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positioned to communication with a fluid path, so that a characteristic of the
fluid in the fluid path (e.g., pressure) can be measured. A membrane or
diaphragm 40, such as a diaphragm made of PVDF or polyolefin, preferably
polyethylene, for example, is positioned over the port 30 in order to isolate,

during:operatien.ifluiddnibe fluish path fronethe senser-eompanedtss ABo  are
0-ring 41 or the like can be used to seal the diaphragm 40 to the port. The

réRRAbENE of shiaphtaga can bapermaneitlyattashesie ther per Hdesired: he
In certain embodiments, the sensors are attached to the liner 22 using a
d tigpyagmeconipression nuth?. ghegukes? isintenmally threaded, thene port
internal threads corresponding to external threads on a sensor compression
30utisl positionedon theisensb? 50 sarthat thersensar 500 may belsceemvedeach
into the nut 52. The sensor compression nut 51 compresses the sensor
pdlange intodheclargesdiaphiagmicompressioranuf 521 Iheoath52 isalsohat a
externally threaded, the external threads corresponding to threads in the
clport:30B: s0 shatthe st 52hmeay béscrewediintablre 121portl A shiwasker. g.,
can be positioned between the compression nut 52 and the diaphragm. The
pneis 52reompresseb¢hentzang ddddiaphfagmed®and svasher miplabe.aJhosel,
skilled in the art will appreciate that other means
such as a diaphragm made of PVDF or polyolefin, preferably
polyethylene, for example, 1is positioned over the port 30
in order to isolate, during operation, fluid in the fluid
path from the sensor components. An O-ring 41 or the like
can be used to seal the diaphragm 40 to the port. The
membrane or diaphragm can be permanently attached to the
port if desired.

In certain embodiments, the sensors are attached to
the liner 22 using a diaphragm compression nut 52. The nut
52 is internally threaded, the internal threads
corresponding to external threads on a sensor compression
nut 51 positioned on the sensor 50 so that the sensor 50
may be screwed into the nut 52. The sensor compression nut
51 compresses the sensor flange into the larger diaphragm
compression nut 52. The nut 52 1is also externally

threaded, the external threads corresponding to threads in

the port 30B so that the nut 52 may be screwed into the

12



of attaching the sensor to the mount port can be used, such as a press fit
into the port or a suitable receptacle affixed to the port, clamps or fasteners
that hold the sensor in place, etc. In the assembled condition, the operative
portion of the sensor is positioned directly against the membrane or

pséhaphragmaThe membraneros diapiyagmuds masiesafia sufficientlydfiexible the
material so that it deflects in response to pressure, remains continuous and
célpesdet break pulose she ability to isolate dhe senseprfrom therfiidd path. 52
The membrane or diaphragm can be semi-permeable or non-permeable. It is
cqrefesably of steslizing gradel Thedqiresence;of o sensors; one:measusingce .
feed pressure and the other retentate pressure, allows the transmembrane
THressuesktol he calculatedeasstransimiembrape rpressire is thetaverage ofrithans
feed and retentate pressures less the filtrate pressure. The filtrate pressure
o tanathea determingdtinsge ceventionalhrmamaemuelbkawe tonthiose uskilted inuch
the art. In use, the removable sensors are preferably in electrical
agommumicaton With a conteol tiit; 18avttichacan recordithelrélevanepracessle
parameters, such as feed pressure, retentate pressure, transmembrane
apressine, teic.,@nd car controt thenparameter§ actordingly. Byaemdwvably the

connecting the sensors to the mount ports
sensor in place, etc.

In the assembled condition, the operative portion of
the sensor is positioned directly against the membrane or
diaphragm. The membrane or diaphragm 1is made of a
sufficiently flexible material so that it deflects in
response to pressure, remains continuous and does not break
or lose the ability to isolate the sensor from the fluid
path. The membrane or diaphragm can be semi-permeable or
non-permeable. It is preferably of sterilizing grade.

The presence of two sensors, one measuring feed
pressure and the other retentate pressure, allows the
transmembrane pressure to be calculated, as transmembrane
pressure is the average of the feed and retentate pressures
less the filtrate pressure. The filtrate pressure can be
determined in a conventional manner well known to those
skilled in the art. In use, the removable sensors are

preferably in electrical communication with a control unit,

13



on the disposable liner(s) in accordance with the embodiments disclosed
herein, the sensors remain isolated from the fluid paths and can be readily
removed from the liners and reused, while the liners can be discarded after
use. This results in quick and easy system set up. The length of the ports 30

wiale suchsthatprefarably Hbereds dittlerar nedeagieg hetwees the diaphragm as

of the sensor port and the conduit in which the fluid to be sensed passes.
fddiis enseisesithal na fuighis dost opbecoes stagnantrGuilabie sensees sure,

include electromechanical sensors, due to cost, accuracy, reliability and
etavailability eencerpstzlettromechanieaksensors mneludeiaglrain gauge

bonded to a thin metal diaphragm. Deformation of the diaphragm results in

deformatioanad thé straingauget isendirtgea propostionat electricahsignal toorts

the control unit. Those skilled in the art will appreciate that sensors that
ooperateusindji differerit techndlogies @so cauld beused.dehW¥hat isictadimedhe

is: 1. Filtration apparatus, comprising: a first plate; a second plate spaced
erfoml saelrfirst pieteca dikradiommember poskiorneehsetweenrsaid finst isolated
from the fluid paths and can be readily removed from the
liners and reused, while the liners can be discarded after
use. This results in quick and easy system set up.

The length of the ports 30 are such that preferably
there is little or no deadleg between the diaphragm of the
sensor port and the conduit in which the fluid to be sensed
passes. This ensures that no fluid 1is 1lost or becomes
stagnant.

Suitable sensors include electromechanical sensors,
due to cost, accuracy, reliability and availability
concerns. Electromechanical sensors include a strain gauge
bonded to a thin metal diaphragm. Deformation of the
diaphragm results 1in deformation of the strain gauge,
sending a proportional electrical signal to the control
unit. Those skilled 1in the art will appreciate that

sensors that operate wusing different technologies also

could be used.
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plate and said second plate; at least one liner positioned between said first
plate and said filtration member, said liner having a fluid inlet, a fluid outlet,
at least one fluid path within said liner; at least one liner positioned between
said second plate and said filtration member; wherein in the assembled
stateythercombipatomef said at least one liner positioned between said first
plate and said filtration member, said at least one liner positioned between
said secongliplatesand saighffitsation. smembek anelisaid filtration member, are

compressed independently of the compression of the combination of said
first plate; saitl secend plate, said at least one liner positioned between said
first plate and said filtration member, said at least one liner positioned
betweern saioh seegand: plate>and saitk-filtratien thember; apd sadd: filtration
member. 15 2. The filtration apparatus of claim 1, wherein relieving the
compresdgion of saidccombinatien of said firstoptate, said seeond platel safd att
least one liner positioned between said first plate and said filtration member,
p saickatledstsenellimerquositigneaitestween said second plate and said
filtration member, and said
at least one liner positioned between said first plate
and said filtration member, said liner having a fluid
inlet, a fluid outlet, at least one fluid path within said
liner;
at least one liner positioned between said second
plate and said filtration member;
wherein 1in the assembled state, the combination of
said at least one liner positioned between said first plate
and said filtration member, sald at least one liner
positioned between said second plate and said filtration
member, and said filtration member, are compressed
independently of the compression of the combination of said
first plate, said second plate, said at 1least one liner
positioned between said first plate and said filtration
member, said at least one liner positioned between said

second plate and said filtration member, and said

filtration member.
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filtration member does not relieve the compression of said combination of
said at least one liner positioned between said first plate and said filtration
member, said at least one liner positioned between said second plate and
said filtration member, and said filtration member. 3. A disposable assembly

consisting essentially of atfilyation, pyember; a firgdinechaving af fluidynlet i n
fluid outlet, at least one fluid path within said first liner; and a second liner;
r&aicfiltraton memerangkssaid Hfirstranchsecondriners being compsassedrirst

together to an extent sufficient to prevent leakage of fluid therefrom. 16
plate, said second plate, said at least one liner
positioned between said first plate and said filtration
member, said at least one liner positioned between said
second plate and said filtration member, and said
filtration member does not relieve the compression of said
combination of said at least one liner positioned between
said first plate and said filtration member, said at least
one liner positioned between said second plate and said
filtration member, and said filtration member.

3. A disposable assembly consisting essentially of a
filtration member; a first liner having a fluid inlet, a
fluid outlet, at 1least one fluid path within said first
liner; and a second liner; said filtration member and said

first and second liners being compressed together to an

extent sufficient to prevent leakage of fluid therefrom.
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