Integrity Testable Multilayered Filter Device Cross
Ref erence Rel ated Applications [000] The present
utility patent application clains the benefit of U S
Provi sional Patent Application No.: 601725, 423, filed
on Cctober 11, 2005 and U.S. Provisional Patent

Appl i cat i on Intggrity Tegiahle Multiryered Fiiter&¢viem Oct ober 21,
2005. The entire contents of which are incorporated
herewith in entirety. [001] The present invention

rel ates to a de@meef@emo@IR@lataiAwhdaudhbe | ayers of
filters rane that is capable of belnglntngHt
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the Invention [002] Sone filter devices contain two or
ent'retb‘rore | ayers of nenbrane sandwi ched together in order
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individollytwitthh @n assamBles dévideough an air diffusion test. This
test wets out the nmenbrane |layers with a suitable

liquid, such as water, alcohol or m xtures of the two

(dependi ng on Whetr:'ig%k%{wh% off{hla‘ir%nﬂoﬁ hydrophilic or

hydr ophobi c) . et pressure(s) is applied to
one side of_the wetted menbrane and air flow on the

_oidag Si ? is neasured. |f the flow increase downstream
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Vi ce. e probl emw t devi ces
remairvintebrahand defpettdree dyaugboub the rmssembiyrprocess arﬁdnrlrtgnﬂsylse he

[ | ce,i,s tested a fh te tcano
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this indicates that there is a defect in the filter or its sealing into the device. The problem with using
this test in devices with multiple layers of membrane is that only the overalf device is tested and the
test can only indicate if there is a defect in all the layers. A defect in one layer may not provide one
with a conclusive indication of a defect.

[004] What is needed is a device that allows one to independently test each layer of
membrane in an integrated multilayered device. The present invention allows one the ability to do
SO.



[005] The present invention relates to a device having
two or nore separate filtration layers that can be

i ndependently tested for integrity when in an assenbl ed
device yet which allow for serial filtration through
the two or nore layers to obtain the desired
characteristics such as retention. [006] In one

enbodi nent of the ﬁﬁ%@} v . On one uses two
separate filter elgﬂ% Ofﬂ{élﬁ\%hcﬁhe same housing with
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elememh;nd bsingsa gaspgasas eltllqlﬂld thatt it ﬂcﬁweddlhrb@h teensbcraielemenoivtthe port
whered,tg h&gganqteat?ﬁ |€qu@§]%? %u&b @%ram gﬁls E@@ﬁgﬁ@ prqr\1/|qle %q?%riﬁtr@néiga?ict)n
ofmtebrﬂ ered devices, the ports on either side of the

rrerrbrane in question formboth the inlet and outl et
f {07} The dedest caniba farned @rsenidl fied shedet:od filteF oryuerebranes banaentrcally

arranggg ﬁlieés enbo Baﬁg? tp(ﬂ g\l}lyhﬁ?%n% Fﬁedilj? \égc 3. i cé Rick iSsgParated from the
other AMA®BE&E b@rﬂbéﬂﬁ/eefnfﬂﬁé ddidosnit 158 Gd) fhedn u‘i’tégirlé)hl@stféf ERR ih‘dlwdual layer

i nvention in cross-sectional view ure 3 shows
can bexmagdec by ltivledayaregwayicast the pertspneihkar side ﬁf\mmembrammm question

[ Figure 4 shows a cross-sectional
form bgfﬁ%eqmgldﬂnﬁoﬁﬂ’&for{grg%ik Figure 3. [012] Figure 5 shows a

third enbodlnent of the present invention in
cross-sectional view &1013] Fi gures 6A-C show t he
operation of the thirdd BaBRNRESNt of the present

| O8I HidurdM SHdws SRt SmBcthdnPEhe Hh&AE invention in cross-sectional view.
[009] Figures 2A-C show the operation of the first embodiment of the present invention in
cross-sectional view.
[010]Figure 3 shows a second embodiment of the present invention in exploded view.
[011] Figure 4 shows a cross-sectional view of the spacer of Figure 3.
[012] Figure 5 shows a third embodiment of the present invention in cross-sectional view.
[013] Figures 6A-C show the operation of the third embodiment of the present invention in

cross-sectional view.



2 [014] Figure 7 shows another enbodi ment of the
present invention. [015] Figure 8 shows a further
enbodi nent of the present invention. [016] Figures 9A-C
show an additional enbodi nent of the present invention
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nvention conprises a filter housing having two or nore
SeCt'on%y"éWs of filters. Each layer is preferably spaced
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for integrity testing. [020] Figure 1 shows a first
enbodi nent of the present invention. The device 2 is
corrprl sed of a P@@ﬁ?q@esﬂff'm%@frﬁ@ lRyeniion et , 6, an outl et
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i nstance two are
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them. BT pa@ntis RFaeCitng e diarbaror bah Batrenie il Byps it mavide an
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firs of the filter el enen A and having an
orportdpremiegf@/twmgn fluid comunication with the inlet 6 of

AR R e L Vi

comprtsb@offal Holiiig @h@lﬁg ah inled.-6, Ah6utiet 141d a veRid 0&hd MbebrfmoH fﬁtfahon
14 is sealed to a closed second endc 22

ment
IayerS[I@é\zpd Bd insthi instanger-{wo aecshewn)| Hpdirst filtration lpyeral 2Ans liqwiel tightly
BEeN ferablyapleatedfllter el enent as
sealeoeth étoilfig r‘}dcap 16B sealed to a first end of the

f |[02l1}a¢ks shbventtret first Bijerati2d hasx filteg elamentd@%félgblﬂ.ﬁﬁleatad filtewi d
ion Wt e out| et 8 of usi ng 4 and
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conTAS SRR W e oSF B AR AR BBt BRod 0 G
porous te abmafoeftlid commuaikcative detweerothel oamihg apd B2 Blter BiemkntridbThe diffee
end ofttf\{\é)filter element 14 is sealed to a closed second endcap 22.

[022] As shown, the second layer 12B has a filter element 14B, preferably a pleated filter
element as shown, a first endcap 16B sealed to a first end of the filter element 12B and having an
opening 18B in fluid communication with the outlet 8 of the housing 4 and a central core 20B that is
porous to allow for fluid communication between the opening 18B and the filter element 14B. The
other end of the filter element 14B is sealed to a closed second endcap 22B. Preferably the two
closed endcaps 22 and 22B are sealed to each other although they do not need to be so.

[023] Also as shown, the housing may be formed of two or more pieces for assembly

purposes. In the first embodiment, the housing 4 is of three pieces, a main body 24 and two



cl osed endcaps 22 and 22B are seal ed to each ot her

al t hough they do not need to be so. [023] Also as
shown, the housing may be formed of two or nore pieces
for assenbly purposes. In the first enbodinent, the
housing 4 is of three pieces, a main body 24 and two 3
housi ng endcaps 26 and 28 that contain the inlet 6 and

housingend@ps %&wcﬂ&thﬁébqntamﬂhe infsit 6 @edoutiat respectvely| Theudieges 24-28 are
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t ng? I'n Figure 2A, the normal filtration flowis shown
& arrows. Fluid enters the inlet 6 into openi ng
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[026] To integrity test the first layer, the set up of
Fi gui6pB integrilstest the-irstdayen defsetuprof FiguredB is msgyéiere_ﬂneuf@t filter

Ia&%r 1d§sd e&%ﬁa%ﬂaé@m@ﬁq ﬁg g% (gcr%égésgg b%gsgedgf]hemﬂﬁeg% is tﬁ%n closed
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the like may be used) and the vent 10 is o
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[027] To test the integrity of the second layer 14B, the set up of Figure 2C is used. Here

the second filter layer 14B is wetted with a suitable liquid for the gas or gases to be used. The inlet
6 is then closed (as shown by cap 7 although other means such as a valve (not shown) or the like
may be used) and the vent 10 is opened and connected to a suitable detection device (not shown).

One or more selected gases are flowed through the outlet 8 at a predetermined pressure or series
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el enent being tested [027] To test the integrity of the
second | ayer 148, the set up of Figure 2C is used. Here
the second filter layer 148 is wetted with a suitable
liquid for the gas or gases to be used. The inlet 6 is
then cl osed (as shown by cap 7 although other neans

of pressureh anaadsthachmge/m flow ot gasteongetration tehﬁahed?low)ﬁyndaeura& Eyfjthe
nt. 10 i s ened an connected to a suitable
detect@gg% %Wﬁ%ﬁehﬁeﬂéou(pﬁggo‘g%%) One or nore sel ected

FORY @n ftHeﬁ\é&ﬁpatré‘th tatedtBiGe thétabl'?lgyé? Fthe falue or range of,

p edet erm ned pressure or series pressur es “and
acceptable vaimsrpg@nded by thewanufacjersr to determine wttethenegob xaykris iméegral. If so,
the d hel O\I\Q: measured by the detection device that has
€ depeehe t&ﬁHﬁ?F d to the vent 10. [028] One can then conpare
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\ e used. [029] A simlar process may be used
desc”g@tﬁﬁ&”@??rgtl on of the fluid (gas or liquid) to ensure
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rocess steps as described

test suicih aspf,hg gl,r/ygtegﬁﬁtglon F@g@ﬁscr}&@d gg%text@pgve liganatjgely, one can use a
more éo@ﬂﬁf&?@&j & s%e)ﬁsnﬁ\fé?%s? Shich 3 a'bm%rﬁg'é\é felt 421 m‘fe‘ﬁSn ?‘ ?@gé’:hdm

nventi ona uch as al r/water [ ongtest
applicaties Gled thisctiay entitled"Methots aruoSystemalfdr éntegeityi testihy of Rorois Materials'evy
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I'ntegrity testing of Porous Mat eri al s” . -
like dependingrugon the gades seleatast  Twolgesesaraehpsan stich fhetrone hgxa hlfghssolublllty

v Tl Bt s B e

includéTbut 8 rfof linvidll & caftod d@kl&@ h?drogéﬂdhéh!nﬁ Frédnkﬁjlfdﬁié%fﬂbm orBagr
the gases sel ected gases are chosen such that one

perflugie.gasas, mplye gasss ard thetllge Carpon diexideijigaiprafesed kighopesmeaiiity gasand

I
2 i 35 A 3R Bl Ay gy s
The binhrpgésiﬂ?xtuﬂeyshntn@iﬂaced dselesaribad irFigores 24 if b predetsmiined@imodit
rfluoro g(?ses nopl e gases and the |ike,

relaivlg 86Ol o 18 MGUs oppreREboth el e gAvepis Measised biithe datectio g
doiod M 0 NP 5 OIORRLRAIR BT ERA et vo
layer t@detwmnegd&thm tkera lisea shﬂﬁ in therelative eowerd ot@slmgasbleﬂheidatected gas
srea, gt BpSeiet SR s e OB e BRaumRe PR iRL ot g il
addeditSthEBREM, adefolt i§ MlectRl BRS difidtence in concentration is found, the layer is
determined to be integral. Integral, when referring herein to a porous material, means non-
defective. The predetermined amount may be, for example, the amount of gas calculated to
diffuse through the integral, wetted porous material at a given temperature and pressure. The
given temperature and pressure may be the temperature and pressure under which the test is
conducted.



~device such as a gas chromat ograph or a nass
spectroneter on the downstream side of the filter

| ayer to determ ne whether there is a shift in the

rel ati ve amount of each gas in the detected gas

stream Were the neasured anmount of gas differs from
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mava%é?%feﬁaﬁ%vegn%%ngatﬁ Ry KertBie chanber 72 are i n
f §036Figure 6A shows the normal flow through the device. Fluid enters the inlet 54 flows

D

through the first filter layer 64 into chamber 72 then through the second filter layer 68 and then out
through outlet 58. In this mode, the port 74 is closed off with a cap 76A as shown although other
devices such as valves or plugs (not shown) may be used as well.

[036] Figure 6B shows how the first layer 64 is integrity tested. Here the first filter layer 64
is wetted with a suitable liquid for the fluid such as a gas or gases or other liquid to be used. The

outlet 58 is then closed by cap 76B and the port 74 is opened and connected to a suitable



conmuni cation with each other. Also within the chanber
72 is port 74. [034] The device is assenbled as shown
in Figure 5. All elenents listed in figure 5 are the
same as those in Figures 3 and 4 above. The filters or
menbr anes can be retained MAthIn the device by a
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adhesives or overmolding. Likewise the bottom horizontal surface 132 of the membrane 120 is
sealed to a second end cap 134 such as by polymer adhesion, solvent bonding, adhesives or
overmolding. '

[041] Arranged concentrically outside around the first membrane layer 120 but spaced
apart from it is a second membrane layer 140. The second layer 140 is preferably cylindrical in

shape although other cross-sectional shapes such as oval, triangular or polygonal can be used and



test may be repeated if desired after use to ensure
integrity of the device through its use. [039] Figure 7
shows anot her enbodi nent of the present invention. The
core 102 has an outlet 104 formed on one end 106. The
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porous housing wall 160 or the port 202. A fluid such as a gas or gases or a liquid as described
above can be flowed through the housing wall 160, the third layer 200 and out port 202 to a

suitable detector.



tightly sealed to the respective outer surfaces of the
first and second endcaps 130, 134 of the first

menbrane | ayer 120. Arranged concentrically outward and
around the second nenbrane layer 140 is a porous
cartridge housing 160 that is liquid tightly sealed to
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ousing 216 to create a flow path

b{ﬂSWrésMG ant il ehodldBotharcbribbdimentiot a 8l filtrationiddvick ising flat
2. Likewi se the second area of filters 214

sheetsa%f btegse?@%dzqswe cgn ke-gstackeq tat shaet grangenaent apip sravg ip g art such as

but not limited to, Prostak® and Pellicon® cassette systems available from Millipore Corporation of
Billerica, Massachusetts. In Figure 10 a single cassette is shown. It comprises an inlet manifold
250, afirst filter layer 252, an intermediate spacer layer 254 with a port 256, a second filter layer
258 and an outlet manifold 260, all sealed together into a single unit. The integrity of each layer is
tested in the manner mentioned above with the other embodiments by selectively sealing off one of
the inlet 250 or outlet 260 and opening the port 256.



arranged in the housing 216 to create a flow path

between the core 224 or internediate port 222 through

the filters 214 to the outlet 220. [047] In a nornal

usage as shown by Fi gure 9A, fluid flows in through t he

[ 218, ,then .thr rst areas of fi
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Preferably, the components are formed of plastics, more preferably thermoplastics, such as

polyolefins, especially polyethylene and polypropylene, homopolymers or copolymers thereof,
ethylene vinyl acetate (EVA) copolymers; polysulfones, polyethersulfone (PES), polyarylsulfone,
polyphenylsulfone, polycarbonates; styrenes; PTFE resin; thermoplastic perfluorinated polymers
such PFA; nylons and other polyamides; PET and blends of any of the above.
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these units can be stacked together into a conmon

hol der with a common inlet and outlet and used as a
multi-cassette style systemas is well known in the

i ndustry. [052] In devices containing three or nore
l%%%éﬁe there should be a port between each |ayer of
fi In this way, the ports on each side of the

| dydenice malieadcerding &b thE EmbtiMsenest Fidir: 3 6§|r1§ta RESAltrdfild@tion
outlet for the integrity test. tionally, in another
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ﬁ once, J us t he present inventi_on one can
and aflow mgter that was S"Jme iiﬁwn%tf%@ of dfiaRort tQyreaq e dow. Tig regults were
<01c8@i ce by providing a selectively openable and cl osabl e
port between each of the layers that provides for the
| Todest he peqond tayergthe porbwastoperegeand ltheddepievael elnsdd;bynrrsemmg a plug.
evi ce. % devi ce. an

air at ARt BEtouBE idlon elchfel 4 RO aier ik 3o e heig e o stipe

downstriedrh ©f theTBéH 18 ra¥d the oW, PHezBsultd'Rbrei<16ammP! € of being
integrity tested using gases or |iquids. The menbrane

e yie Fsommended valpiobtie metmbranes asi suppiied byrthe umdpr was <.01cc/min.

As theg'@(%%rjeb wll?et fPro&f:ﬁ &yér?&éﬁ&@ﬁ%ﬁ%ﬁgﬁdg %eﬁﬁ Egér%ﬁ J@?({g&? d og witble

was détemhnedltmb,e inlegrahi gh Mol ecul ar wei ght pol yet hyl ene,
pol ypr opyl ene, EVA copol yners and al pha ol efi ns,
nmet al | ocene ol efinic polyners, PFA, MA  PTFE,
pol ycar bonat e, vinyl copolyners such as PVC, pol yam des
such as nylon, polyesters, cellulose, cellulose
acetate, regenerated cellul ose, cellul ose conposites,
pol ysul fone, polyethersul fone (PES), polyaryl sul fone,
pol yphenyl sul f one, polyacrylonitrile, polyvinylidene
fluoride (PVDF), and bl ends thereof. The nenbrane
sel ect ed depends upon the application, desired
filtration characteristics, particle type and size to
be filtered and the flow desired. [055] The other
filter conponents such as end caps, inlets, outlets,
housi ngs, cores, ports, valves, etc., can be nmade of a
variety of materials, such as netal, ceram c, glass or
plastic. Preferably, the conmponents are forned of
pl astics, nore preferably thernoplastics, such as
pol yol efi ns, especially pol yethyl ene and pol ypropyl ene,
honmopol ynmers or copol yners thereof, ethylene vinyl
acetate (EVA) copol yners; polysul fones,
pol yet her sul fone (PES), polyaryl sul fone,
pol yphenyl sul f one, pol ycarbonates; styrenes; PTFE
resin; thernoplastic perfluorinated polyners such PFA;
nyl ons and ot her pol yam des; PET and bl ends of any of
t he above. 10
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Exanpl e A device made according to the enbodi nent of
Figure 3 using a PES ultrafiltration nmenbrane avail abl e
fromMIIlipore Corporation was made. Both top and
bottom | ayers of nenbrane were wet with water, the port
was opened and the outlet was cl osed by |nsert| ng a
plug. Air at 75 psi was fl o8NSt hrough the inlet to the
filter layer and a flow neter that was positioned
downstream of the port to read the flow The results
weleat we.cin:cc/ mn. To test the second | ayer, the port
was opened and the inlet was closed by inserting a
plug. Air at 75 psi was flowed through the outlet to
thepfilten f.hﬁay&{de%@hmgltwbmr@rayérgatmmsn Rexefidl lvﬂfé%ih each
downstream of the port to read | ow. The resul

were <. 01layerafthe twcr@renqr@kamfsrefrf&t@domraatar@al {s&apablecof bemg

pe t he o sGerHDk <SRty AR e G Ra fRRSEig navn o

range, eaglsddamean@atoutibeat the\vteeerdsa ﬂrstszlr ef filtkstion material
determined to be integral. 11 C ains we clajm ?
Afiltrat aesange@w@@ﬁtmw %@Na%ma.ther%feeanﬂ 59'6@% opst additional layer

filtrati ogsﬂﬁPa‘%&rg h?ﬂtenal\é‘f? rq@ﬂ E?rﬁé'rﬂ kally GHifard F?%rp gH%g"{stt Léglerﬁgrmlng

nore | ayer rati o erial 1s capa
i ndependeat | spatestsetvesein therfirdt abdgleasionetatiditiateMayee an outer porous
conpri sin

cut ot at RREBH RaReliay & FoPepomg it A asfaie cRdforaaver. he

mat erial &b rtROSKEr I%ﬁéﬂ Qﬂmrﬁt'aﬁéibﬂ lé’as%ﬁe%ﬂﬂorfaf [By8r binBeifBid
and at | east one additional |ayer of [tration

mat eri al dghtlangeeletioaelesita p%barnaygedum ﬂvarsaacmb@wo\eem@ef fst and at
| f f
e+ Pafne BORRETa R PSR -BF ol by uprAE soec

concent ri aad duytsidy of tHagredic@ar ound t he at Ieast one
addi ti onal Iayer the core, the cover fatﬁgr and first

andat | e45% d9yice ofelaim: i WhriEIn ARt 0ng Iayen gk theytwojop ok layers of
tightly Sﬁ%@ nﬁa‘?é?ﬁh?ﬁl@ate@ port arranged in the space

bet ween t rst and | east one additional |ayer,
t hed)port bbe dayicernf ¢limi 1dwbem|mthe|oowt|$ amaterigliseletted fgrathe group
and outsi ggns%[ingt cg}?nega?,\éier%%ic, glass or plastic.

4) The device of claim 1, wherein the core is a material selected from the group
consisting of thermoplastics, polyolefins, polyethylene, polypropylene, ethylene
vinyl acetate (EVA) copolymers, polysulfones, polyethersulfone (PES),
polyarylsulfone, polyphenylsulfone, polycarbonates, styrenes, PTFE resin,
thermoplastic perfluorinated polymers, PFA, nylon, polyamides, PET and blends
thereof.

9) The device of claim 1, wherein the filtration material is selected from the group
consisting of microporous, ultrafiltration (UF), nanofiltration and reverse osmosis
membranes.

6) The device of claim 5, wherein the filtration material is a material selected from
the group consisting of polyolefins, polyethylene, ultrahigh molecular weight

polyethylene, polypropylene, EVA copolymers, alpha olefins, metallocene olefinic
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2) The device of claiml1l, wherein at |east one | ayer of
the two or nore layers of filtration material is
pl eated. 3) The device of claim1, wherein the core is
a material selected fromthe group consisting of

O arm 1 HRnes SOt egTTER; Shiarband iy Comhaere RUR eqpemides,
the grou%*{}&%”&igﬁ%&?l@%éﬂ osteh@erllﬁ@% afﬂ:@ttaiecl%ge Q%télooéeﬁlflbééseellulose

pol yet hyl ene ene vin
( EVA) copodempmlm pqdyshl;m;eupbbatb@sulﬁom gPﬁSh@olsaMStdfnee (PES),

D Cy ans. PRl ohBRoRts: BAFuryRBay FROBPPAILFL gnd bens

pol ymer s, BRfs nyl on, pol yam des, PET and bl ends
thereof. 5) The device of claim1l, wherein the
filtration material is selected fromthe group

consi sting of mcroporous, ultrafiltration (UF),
nanofiltration and reverse osnbsis nenbranes. 6) The
device of claim5, wherein the filtration material is a
material selected from the group consisting of

pol yol efi ns, polyethylene, ultrahigh nolecular weight
pol yet hyl ene, pol ypropyl ene, EVA copol ynmers, al pha

ol efins, netallocene olefinic 12 polynriers, PEA M-A
PTFE, W ycarbonate, vinyl cgmyners, PVC. po yam des,
nyirr s, polyesters, cellocse, cellul ose acetate,
regenerated cello ose, cellul ose conposites,

pol ysul f one, pol yet hersultone (PES), poiyaryl suliccne,
pai ypner:ylsultr.xne, polyacrylon trite, pctyvinylidene
fluoride (PVDF), and Mends thereof 13

13





