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
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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
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invention relates to a device havi ng two or nore
this m@@ﬁrﬂﬁt therq is @ Aefect drihe Bilgeerdts 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.



that can be independently tested for integrity when in
an assenbl ed device yet which allow for seria
filtration through the two or nore |ayers to obtain the
desired characteristics such as retention. [006] In
one enbodi nent of the present invention one uses two
separate filter elenments wthin the sanme housing with
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can be\/ma_dﬁ multiple I@sw@@ew@ﬁs the gmseanrelthqr@lgiepf the germbyase is iusetiom
he present invention in
form bé*ﬁé@gﬁg@ﬁ?@ﬁ@ t\blgf(teev%.' [013] Figures 6A-C show the
operation of the third enbodi nent of the present
invention in cross-sectional view 2 [014] Figure 7
shows anot her enbodi mehtheHrawings present i nventi on.

[008] Figure 1 shows a first embodiment of the present 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.



[015] Figure 8 shows a further enbodi nent of the

present invention. [016] Figures 9A-C show an

addi ti onal enbodi ment of the present invention in

cross- sectional vi ew [017] Figure 10 shows a further
ent inyention in cross-sectional
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present invention. The deV|ce 2 is conprised of a
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housing 4 i's of three pieces, a main

element as shown, a first endcap 168B sealed to a first end of the fllter 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



3 housi ng endcaps 26 and 28 that contain the inlet 6
and outlet 8 respectively. The pieces 24-28 are |iquid
tightly seal ed together such as by thernal or

ul trasoni ¢ bonding, solvent bonding, overnolding,
adhesives and the |like as are well-known in the
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a [027] Toeted thetintegnityvet thesecdnt éayki 148, 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



may be used) and the vent 10 is opened and connected to
a suitable detection device (not shown). One or nore
sel ected gases are flowed through the outlet 8 at a
predeterm ned pressure or series 4 of pressures and
the change in flow or gas concentration (explai ned
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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.



~defective. The predeterm ned anount may be, for

exanpl e, the anobunt of gas cal culated to diffuse
through the integral, wetted porous nmaterial at a given
tenperature and pressure. The given tenperature and
pressure may be the tenperature and pressure under
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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



[035] Figure 6A shows the normal flow through the
device. Fluid enters the inlet 54 flows through the
first filter layer 64 into chanber 72 then through the
second filter layer 68 and then out through outlet 58.
In this node, the port 74 is closed off with a cap 76A
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[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



triangul ar or polygonal can be used. Preferably the
menbrane | ayer 120 is pleated to increase the
avai |l abl e surface area. The first nenbrane |ayer 120 is
seal ed along its vertical edges(not shown), preferably
by a seam (not shown) as is well-known in the art. The
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104, of the core 102. The inner edges of the first and
second endcaps 150, 152 of the second nenbrane | ayer
1403 3Hoeated i thedspace: igtweey thedicst laglert130 artthe secprdiayer é4bis agport

156 GO e sl eslie ™ e v SEGMMEPLNGER et asemet o Tpe
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Galed to the outer edges of the endcaps 150, 152 of
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hen t he second nenbrane |ayers
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[045] To test the third layer 200 of membrane, one closes port 156 and the outlet 104 as

described herein above. The third layer is wetted by introducing a liquid to it through either the
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.



156 that allows for the integrity testing of each |ayer

i ndividually when in an assenbled form The nethod of
doing so is simlar to the nethods descri bed above for
the embodi ments of Figures 2A-C and 6A-C. [044] Figure
8 is an enbodi rent of the device of Figure 7 in which a
t [U4B]CF|Q{1 UrdstOREC biedno@Beniddimaais the pRIseRMvehtA! h YhisaHbeakdnt,
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anangb 3155 R b heal o 35 BeLyoer e e 24 @ e on 42
through @é6Gilter5 D g4t6 & Rt @2@how anot her enbodi ment of the
present invention. In this enbodi nent, the device 210
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the ol otoBbamireton saange STHMBIR EMHRURITR 6 bt RoTCR7A R ateet Boghante and

provid@breiderajug. t he housing 216 to create a flow path
between the core 224 or internediate port 222 through

t [49)Tol test the irtagtityrad thelsecand areatof fitR.214,akerinlet 2184s clasedrand the

h ' fluid h h th
port 2423 R ARy P 6 gfe s s edond BBt bt Y RlTGsy
liquid) isﬂipplleﬂ lethe G BRb 2¢PthRughthe oltiet Ezmﬂie@bﬁreﬂﬁ@fetss@é’('s’) dné a

| osed during this operation. The fluid then f

detect@nierdhﬁgﬂ@wmﬁ @O@@r&@m ghangeds manied dpwnst@am obihie perh 8.2269 ﬂete@t the
Cheng%%&pr&&a@%g%ﬂh%ﬁﬁethe integrity of the first area of

e outlet 220 is closed and the port 222
i {{)50]|d%bgm 18%ng Moshow anotﬁe@mbedlﬁant ol aserfal filtibs device um? flat

Qrgﬂ (f%]q?tleast one fl uid Easorll quid) is a ed
sheets; 0 filierke The dasign calt ko2 Stacked Hat shegharrangement as Inin@vnaﬂ theige such as
but noflfRfited RIPREERS AHcrteRbof st %%s‘?égﬁégé vailaBle frohh\ﬁlllgﬁrgp’or%rathn of
concentration change 1S noun ownstream o e por

Billerica 2®assachdsstte.dn Fighre 10 laaingle cassdite 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.



provi de one with a value. [049] To test the integrity
of the second area of filters 214, the inlet 218 is
closed and the port 222 is opened as shown in Figure
9C. The filters are wet and then at |east one fluid

LR e i e aloa B sosSPbd sns P T ey

extentdfd @6rhéhts dr@thetsBiRe b Fﬁ\F’lg‘HFe RARE K rafbleRtt rﬁﬂﬁ’fb@&%ilesbeen used.
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25l A bR oo PO o b B85
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in Figure 10 the sanme reference nunbers have been used.
providesafonthg tagrity destngef each lawjr tadenendandy ia 46 Integrah eeriakfiteption device.

gi@ﬁpﬂt@ﬂiée?@e %&ﬁet@d@? Pf tﬁ @Jeg'%ngiﬂgemﬁéﬁ %ﬁbg Egeléf. \rgﬁ g}% il{ér media of
any mwtha/ms:mabldﬂef bleing lrﬂgﬁttymakddldumtng b&teﬁ of Itqmdsté\ Thé tembiahy maf be a
acked together into a conmon

m'cromaquagﬁ {r wnﬁ@oiﬁﬂg tration &t remp Qsopis emAw@ne toeed i@ palymer
seIectéBJMn'\ °|%§§F%'5a§ p§$l¥th)gen%¥r§;mlﬁg Arahi M@b&ul#ﬁ gﬂt (ypf}%%’ﬂ%e,

i ndustry evi ces tontarning tnre
polyprbyjene s VA dopolymer end aphaelefing aetalltuebevelefiniogmiymers|, BiyA; A,

h side of
PTFE gy tbanglep iy edolbis shehasic, Bolpmude st asiiigh, rolyisers
cellulo8e!ickiRlosé aketdté) @eqr?ﬁérﬁﬁﬂ bé|M|o§ee%éuulogpédn%a{elsypm kilfoRd10t her

I’TbO i ment of resent inventi on, devi ce can be
polyethgigifong (PESbn@yary;lwfenen h@l!phers/laum poiyasry&amtrde polyGraytidene

fuondg [ fon BERasiT i R lor GTRSIBRR LB B Hpulc G, .

desired filtrativn @harbéidrislics T buiclevtydeant BRe Wbé?ﬁérbd aﬁh\’[ﬁé‘ﬂdmpdés@éde can
mteg_@:%test an infinite nunber of éersma

epfilisueamnapends sieh agendeaps, ingise ﬁlét tSehC&lﬁldg% p@gaﬁpr@,
.t
valvespé?t{: écéﬂ%wesff\‘@gﬁetgfof ﬁ\&grlélf&%sas% } cerQ ?s é'ggé'ﬁ- €

each Tayer I n épen
Preferaliy, ¢hgreampserenisate fbinedrofiplasiios, devs sreferably thermoplastlcs 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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[ 054] The device and nethods of the present invention
can be used with any filter nedia of any size that is
capabl e of being integrity tested using gases or
i quids. The menbrane nmay be a m croporous,
Lﬂﬁg@éhltration (UF), nanofiltration or reverse osnosis
e fornmed of a polyner selected fromolefins
s lﬁcdevﬁé maaé AoRbrding & tBe emsddmﬁhnn@' Fuguterﬁiyugfa Pt @tealtrdtion
eth | ene, pol ypropylene, EVA copol yners and
membéansﬁaatlaﬁ@frprnéﬂll QQFIPQﬁ@t@ﬁ wapmees.ni c pol ymers, PFA, MFA,
P
BP0 RIS e 0P LR e g Yan n
the owaIWas closeel tmmbmhgaa plugmi’&p@(ﬁasfwvdedl tresugh tmeﬂilétlttb 1hs €liter layer

one ethersulfone ES) ,
and a ﬁwnﬁatepithéwewﬁ% Onﬁ%ﬂ%‘ﬁ@%ﬂ{) dthernordo regding dew. |h9 FSkits wese
<01&%mWV|nyI|dene fluoride (PVDF), and bl ends thereof.
he menbr ane sel ected depends upon the application,
dé’slteséthe sedond ayérothe pérbwascipenddsand the mlepjamas closeel by yrsertingal plug.

L T e

downsbeirh 6f the pdiotd Fdaddse floROTIRSesUROWERS < 01\%8MitES, etc., can be
made of a variety of materials, such as netal, ceran1c

gIThe &commendsd walee for the membeanes/as supriied byrhe Mendprwasr<01co/min,

o el s PR By BB B s a v

was deteimined dpbd ietegral. honopol ymers or copol ynmers t her eof,
et hyl ene vinyl acetate (EVA) copol yners; pol ysul 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 Exanple A device nmade according to the
enbodi nent of Figure 3 using a PES ultrafiltration
menbrane available fromMI1|ipore 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 inserting a plug. Air at 75 psi was flowed through
the inlet to the filter layer and a flow neter that
was positioned downstream of the port to read the flow
The results were <.01 cc/mn. To test the second
| ayer, the port was opened and the inlet was cl osed by
inserting a plug. Ar at 75 psi was flowed through the
outlet to the filter layer and a flow neter that was
positioned downstream of the port to read the flow
The results were <.01 cc/mn. The recomended val ue for
the nenbranes as supplied by the vendor was <.01
cc/ mn.
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As the neasured value for each layer was within this
range, each layer and the device as a whole was
deternmined to be integral. 11 Cains Wat we claim 1)
A filtration device having two or nore | ayers of
filtration material, V\hecﬂrvﬁ each |ayer of the two or
nore layers of filtration erial is capable of being
i Wiepeadeaint:|y tested for integrity, the device
conprising a porous core having a closed end and an
outlet at the other end, a first layer of filtration
erialgas trieal . : :
a1 AERI0ROSRE (ARG Sl R o R ekl el 85
mat er i al lagerofthg &b ar amocelayers af diltrialjononeterial isl cpableof teingf i r st

| ayer formn a bet v he first., and at | east .
one addi PheatenfiaBER o egiiy dhe dioe samorissd apoiouy e having
concent r §6ikleNd aid a8l apthe BiRer dnbl S Mt |Ay|slao<f?mr9ﬁb<ﬁ maferial

additional layer. the core, the cover '[ayer and first
and at | asangemeescentrisaltyiogivward franyibe cerk Bndatilaagt dnegdditibnal layer

tightl d et her ort.arranged in the space .
petween Onepn AAEE dARinped s Glc g B RAR el e S| 5 Rnin
t he port a bgicegetivBerf the!firtt 4he ATTE&: 6@ ddaiflonl falier! dheoutP p6rBus
and outside of the device. 2) Afiltration device

havi ng t #AveldaysF conseniriayasiaggesifargund thezat least ongedstitioaal Jayer. the
wherein - - -
Pt rat i G e ool ind i add iRy BRons RUEEA tfng iy

t est ed f tightly seatedtagether, tipert areangeddin dergpadetetvizen thedifsd Bisd at

core havjng a | os end and an outlet at the other
ond. a1 Eadote afdRTa fven e pat P A AT caGR AN dup space

concent r bt ke deihb@bfcel F Om the core, a second |ayer of
filtration material arranged concentrically outward

fromthe first layer formng a space between the first

2 angedh Noalbcktips Pl Yo e Brere BBl wharpBreech
form ng Ry&@rRe thrélR Aidrel8ferest Alirafion haAa0s Eapahe of mcg
third layer, an outer porous cover |ayer concentrically

ar r angedindgngodently tested for integtity, e device eorapsisieg a poreusesreshaving a
layer an Iy ird | r._allk. being, .

i qui d t‘.gl%{%‘k’ ﬁ@a %@Zﬁ@@ﬁ’%ﬁg‘ﬁ? B@?’{e“g i Byerky firBEy Mtegaly

in the armoed dvateneieallytosvatd ffopt the bste tawecsitaREf filvagn,

the first port being in fluid _ .
material arranged concentrically outward from the first layer forming a space
between the first and second layer, a third layer of filtration material arranged
concentrically outward from the second layer forming a second space between
the second and the third layer, an outer porous cover layer concentrically
arranged around the third layer, the core, the cover layer and first second and
third layer all being liquid tightly sealed together, a first port arranged in the
space between the first and the second layer, the first port being in fluid
communication with the space and outside of the device, a second port

arranged in the space between the second layer and the third layer, the second
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communi cation with the space and outside of the device,
a second port arranged in the space between the second
| ayer and the third | ayer, the second 12 port being in
fluid conmuni cation with the second space and out si de
of the deV|ce Afiltration device having tw or

nore | ayBorsbesd i § ?q'q ogtmupicatippiwith thel secapd epase and ewside of diger

of the tyg@r nore layers of filtration material is
capabl e of being independently tested for integrity,

t he dewvjce aﬁdiitpatlbrsdevgehawmjtwgohramierf&geranfﬁltrdnem matedial, wherein
outlet a

d |
Che 11 ath ajer B B matf v eisal lydion male @ s F4pae §feb>e@a| ed
to themdét)@fdelﬂfy tdshR fé‘r%@nfygthetdb\ﬁcefdoﬁféﬁsufg'Hohélﬁ’iheﬁﬂﬁ ARk,

has a fil lement, & first endcap se€al ed |rst
end of anieutiet And aventangwaor moe filtvation dagerarthe trptefitiatien layer being

cent 1 alWoPatts el 6 e bl b Bt SRR 9T s e

comuniefaiehH 1 it brideaR sdatd 1R frdi @ ofthé filteh BlebtiaRd having an
el enment, an OP posite end of the filter el enent being
g

seal ed 0pening ie flid eammunicatinn witbfascialp of the deesingcand ayentral core
h t ,
s R S AR B e 858 85 Rt o e

havi ng eterrmet; famobhposlterundl of thmﬂlfegeleﬂent benggrsealedad a closedistdond
t he outl of t a t he endca avi n
e ol endianc b 56008 AL PRATH & BereroRrt, A o endenh spalpd Mamrsiend

conmuni

Fr1Tor CLTe e hlel BEfer 1 SREAYavpOBRELNG RNl

el errentcorbmumgahosw@h thelottlet of thel hogsing dndlivet dndeapd@aipg a 4ecofrdhe
devi ce of

he fi
second °F nt{afceo;e {ngg)%pcgougrt%al[& tfgrjlyQbomgnquaﬂgr?é%wqgwjhwecond
cl ai m Jperpedngitie fﬂté}%léﬁﬂeﬂﬁ afl oS RS Hhd ©PRe 's’ét@nd lﬂI‘Per%leﬁh‘éﬁl‘bemg

fourth endcap are sealed to each other. A process

for thé%'?dﬁ@@@ﬁ@@dwfpurﬂ@d@&n)g of two or m)re filtration
stops dr ©BRR b Rhe Bl B ARG e P i Mg o

an |nI©maman outlet and a port, each of mhlch i's
capabl e of heing. selectively closed and

ed
first 1t er hgdguse ofg!im 3, whérain I‘h?l%’is%seﬁ p ﬁ@daﬁl‘igélpsqdhe
Inl et g5n bRachp YeQealed to each other.

6) A process for the independent testing of two or more filtration layers in a
serial filtration device comprising the steps of:
. providing a filter unit having a housing, an inlet, an outlet and a port,

each of which is capable of being selectively closed and opened, a
first filter layer within the housing downstream of the inlet and in fluid
communication therewith, a spacer layer downstream of the first filter
layer and in fluid communication therewith, the spacer layer
containing the port which is selectively in fluid communication with the
spacer layer and an exterior of the housing, at one second filter layer

downstream of spacer layer and in fluid communication therewith and
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conmuni cation therewth, a spacer |ayer downstream of
the first filter Jlayer and in fluid communication
therewith, the spacer |ayer containing the port which
is selectively in fluid conmunication with the spacer

I t f th t

(1T ver Tayer SRR OPUIIPER OLeldrast g apooR gt Fyenagg in i
Che at |east onrufeslof ugfihin3, 20 P ong i tiuid
conmmuni cat i din attlad"_nr@/a deitactoUto mebﬁhaporgtm indetoethe outlet,0 one
“htegri Ly ofi- haing e Fectyof B fiskleflotsy bipisiaie pieand®
outl et and Onib@hlﬁggthé bm ma,mhg thwst f||t@9|ayéawnﬁ aéﬁtabr&md;lﬁ&r

|l ayer with a suitabl & fl ow ng through either
the inlet or tﬂ@éﬂngdmugbﬁ ebtherintater the portieness metet flsidls selected

first fiter To0ybE oo RmaoriEes itofs hitigh e pitther
port to the daa)@camoutelmertﬁ@mmmtﬁummttd}fhe detettegri ty of
the first fjlter layer, v. testing the integrity of the

second filtW¥r qe@y@'ﬂlnawednt@ﬁliy@thpﬁlgst lltc;r @¥efand openi ng
th t, tt
Su,et 28[ e | :"’gwtgﬁlﬂg P‘g ecgﬁg'%'f‘ﬁsfgﬁéoh@ﬁltek Zé?rbyﬁfgglﬁkb@? injet and

t he port one apening the poru waHing thk sedoadifiltef iamnvmtha sgtablemqmd

i sti f th
CoTTer | ag o SRAmE Trctah etns? theipiten orhe Sk oy Boergce aegected
detector, A dRhEhEGBLFENEERg Ionga%egémgmasm %ﬁég

filter Iayer 7) The process claim
detector is atfdtard%@dartdcﬁutﬂtberpibepQHCS)DUHBIh@tIpﬁdm@m of

For the' 1ol koo B TRGGor P e B o The

outlet for the testing of the second filter Ilayer. 9)
The process of claim6, wherein the fluid used for

t é)st i ng HeEracassa slaims, wherein therdstectsy is attachedio thawpris econd
wh efh% ggnc%&eof El? be‘n wﬂ?\'gm tﬂf’esde@cgpg tt%cﬂ%&%'ttlﬁ]éexh Iétefélgp]% he

qU| d r's conp
gas 14 testlng of the first filter layer and to the outlet for the testing of the second filter
layer.
9) The process of claim 6, wherein the fluid used for testing the layers is a mixture

of a first and second gas, wherein the first gas has higher solubility in the liquid
used to wet the layers compared to the second gas.
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