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Integrity Testable Multilayered Filter Device Cross
Ref erence Rel ated Applications The present utility

pat ent application clainms the benefit of U S.
Provisional Patent 5 Application No.: 601725, 442,
filed on Cctober 11, 2005. The entire contents of which
are incorporated herewith in entirety. The present

i nvention rel at es |ritsyrity Téstable Rultipéred Filtst@etivd ti pl e

| ayers of filters or nenbrane that is capable of being
integrity tested. Mdre particularly, it relates to a
devi ce contai ni ng ilters or
menbr ane each of \/\h%%é F?ésf&ce:%ég%’a@ﬂ%ﬁlbg{mﬁé integrity

t est edhé prdsent dtilityl patent dpalidatipnanlairs hé béreéit df Ve Rtavisionsb@atent

bl ion 6. % ERCHE! dathef 1, Pe0 BB RrSocler E’o'é@ﬁ%@?r%
RRbheMEBRERWRIAARAEr | Stics such as retention. is

i nportant that each’layer 15 remain integral and
defect free throughout the assenbly process and during

i i shaaPrasnn e REER Ao BoiaRd Bl Byard ol e ormembrane

LUE:d i@léa’ﬁab%fbf Beifig |ﬁ'tb%rftylfést@@ Mdﬁé?réartlc'ﬂlérly‘a ithéates oRideviedbontalhthg multiple
filter layers wt sui tab l'i qui d, such as water,

&Yers ﬁbﬂllte@ror FEsprapeeachof wiieh i ls mpaplg epheingi inegrisHestedindiwdually.
the filter is hydrophilic or hydrophobic, the fluid
used to test for integrity and the Iike). A gas, gases
or liquid at a set preBakgredral)of he Ivpitiohed to 20 one
flow on the oth

d f t h tted d t
S de. Somp s fiRss CoTIER Mo of 104 IPyeEs L Biss O Trabrana seaised fogether
§fdd é’éﬁ &Qalﬁgeiﬂ)rrhé’%‘e Eﬁﬁ?&#fsﬁ’os shéH a°s rét@ﬂloﬁ"’} |§ J)BHéﬁt that each layer

there 15 in the ter or It sea
r&wrealrdletegrelsand Telectiiee Hiraughaut the asseimibly [erm:ess andsitergnts dexi ces
with nulti

[ . .0f . i s that ly the,.
over aRpmal b ESliif tope JE e e sl Binegibg e Rltelasavers
ltH‘rodgh &h 8ir tifustondédt eis test Wet8 bt thd Btet léyé%! With £SuflSleuidi Such as water,

one a er may not I‘OVI de one with concl usi ve

|ahdi0&@nmlxihrea>ﬂf the Mﬂmndlrwnerﬁp@er the f:lgyar |sﬁ1ydrhrénllcashydrcm9@1c the

i 8t 2 RSB ok i A RS Bt

Ioné sidp cftredvetiod ineinbraes & |1@¢va @n?theBth@r ﬂdeei§ ﬁﬁésulrdajv ﬂﬂlﬂid flo increase
allows one the ability to

ﬂﬁwﬁea%ﬁ tepauiek %@é%ﬁﬁsaum @mmcmatqs&aéthe@ la @d%feqﬂ sthefter or its
E@a‘ﬁhﬂ@e ti&;%?g{c]:? lnﬂ{ r&o?é?ﬂ@f Giry! tli ig (e@ttn# 8’&&?%%&%@@&&&”

frembraae |salhatbmly meat/eertsﬂ:deeshe gfﬂe;a;terétdnd tl’tevtest can omyrigdicate 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
especially if the last layer is integral.

What is needed is a device that allows one to independently test each layer of membrane

of an integrated multilayered device. The present invention allows one the ability to do so.

Summary of the Invention
The present invention relates to a device having two or more separate filtration layers that

can be independently tested for integrity yet which allow for serial filtration through the two or more
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| ayers to obtain the desired characteristics such as
retention. The device makes subassenblies of each

| ayer and tests each layer for integrity before it is
formed into the final device format. The device is made
of two or nore filtration areas, each containing one
filter layer. Each area has one filtration |ayer and a

' A f L st - il -
5 AR 0B g o B, o st o
hoh [ayeears testeeagh tagerderdnteypityaivrg it is fringd infoakefhabdeeioe format.
ot her _such that the first area is inward of the second
ar ea &W'C%s 'T‘?ﬂﬁ/é’? o maretikiapen afpasacagh qontairing gneyitter layer. Each

T | = . _
FRgheSt et BB SERSORBINRON SR8 b 7Aoo
shdcelp bonded toraesetondiede ofdhe fillee Theereasiara arangedhcbntérdncaliyreeound each

Dl e O8HEn 5 Grus B S00E eeohGaBE bens AP alkggea anc he
. PadhraReasRmdd sepRktel And RRgMPIEsEE sbpbraldipReféle Bitd) 858Rbly. The first
Here a first filter pack is forned of a " filter,
pieafscliciiptothpingide efdhe sscondaraseand then tffedwe erdcaps, arevithethbanded to each,

f ; [ [ i haying its two
BBt et Bleaf B vl BL BB ERAR "2 11 Qi a1 o
ar r angeraeass forieking ithesdevib@isialso diselbse@éere afirst fer fack lsddrmed of a
iquid tightly bonded to a first endcap and the second

|

il ydarel Pleaier 1gincraes Surpgacared, ahich fsqurierakly giedngaloRdband having

k& veRER B e§ﬁ§39ﬁﬁjoina_@f3 dthdr i I@ﬁ@iﬁ ﬁt%rr%@%ﬂweﬁt‘??ﬁeq‘ﬁstfh{?ﬁzontal end
Ing amn | % Ty B Tedt Qo g’ an

Integrity nt egr
af the fitlet is fiquitl tightshonded te atfirsbgndeer aridrilge $ebendfhiotitomtal end of the filter is

FORR b haRerta asiomihg era ThE Bl e Aflen o012 IanBrssg e ey
st dubiead 4 ditater hfi§in L&y %ﬁiﬁ%#ﬁ@tfiitéf,ea 1yiﬂ§ Sgéé ﬁr%dei ;ﬁéstsﬁre to one
can al so be used. Upon successt ul cor?B et1on of the

bide efdhd filtpr, ardsmeastringdboitn gbaic kn the otheosidesd thetiiiers@ifrer noaestructive
Pl Fest a2 B Ui JfPon afksse Bindilon ARG ey 53k R S pack s

fsmédthé Sanie Wafé@'ﬂfeﬂ‘rﬂét bk, PHid SRR B8N iniek difreRsidtAgHSr tRdnhelter
each other. 20 The second pack is then integrify tested

dimgnsien of therdizst Back so esite feriic geaesadicarrangemanl of e peeks misuadieach other.

s e 50 e R A APl Al
thatthe firstpatk iy insiay ¢esecond pbek Whihicesteatriculie Birfoundsl the/firstpackn i desired

the first two. These and ot her enbodinents will becone
BWIOB@J'&?%Yﬁrsé%b%gm&ﬁdﬁp?ﬁmﬂcﬂk afound the firldwair t from the

speci ﬁ'ﬁe%@%h@&h@rréﬂ}bﬁéiﬁ%ﬁ{gw gg&‘f‘ﬁe o%ﬁog}sq? Eﬁbeofgfoﬁ}ﬂhf@ﬁ in the art from

Figure 1 shows a firs I'ment o e present
thesperification an@claims below.

In the Drawings

Figure 1 shows a first embodiment of the present invention.
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Det ai | ed Description of the Invention The present
invention relates to a nultilayered filter device
wherein each layer is formed 5 separate fromthe other

| ayers in a subassenbly, each having a first and second
endcap. A central porous core and an outlet are al so
used. Each layer is then integrity tested and if they
pass, they are assenbled concentrically around each
other and are sealed to each to forma |liquid tight
device. Preferably, LetlgdPascriptionslise huerfipmg i s seal ed
outside the last filter layer and any fluid entering

t he housing nmust flow through each filter |ayer and

t hen tThe poaser invertion eslaes tb amuiltidyered iiter dévice Wbefeingaactelager is formed

e A R b b ) R LG, o
IORRIS Bbre Y STGUHO Bréfis Rkl - EaII'i‘%éér id thén |ﬁﬂegﬁt fested@ ft%eyb;%ss they

sealed along its vertical pre
tgre assewblad ancent@hwmqundgactrsothee ihd am eeahedu to eadhéo farn a Ilqwdatlght

¥l a0 AR B R i deRa bl e b fifer By Bna any i
aahieEing o housﬁ‘@'nMSﬂﬁowhﬁkB@bh%cl@flteﬁldE@%hd’thén thb ictr8 \WeR xifify the outlet.
bottom hori zontal surface 8 lter layer 2 is

seal edigue { @hoals@éltséﬂnb@wnt@&shemesmbhvea&onwth;bwn 3yfass. More than two

SRR R L pREY B O By

tvertisal eddesdnoteimwnaprefecablytby alseam roeshowy) d3ds well- l@lewmrnahe%rt The top
[ f piece such as th

i e 4 Tl erieien 2 SRS AT ondsediirueh 5t PolyparAdhesion
té&ﬁeﬁt'bb ngfdrlaarﬁeglvéuﬁllﬁéwge thébcg{gﬁxft%ﬁﬁma}’sq?ﬁé&% SR I?yég 2is sealed

shape, t"hou er Cross section apes suc
do alsecond erai@pnasucmras by bolgoeratihesion, dolventdentingrar adresaéd. YA porous

L4952 v B e e Tt s e B ot MEB A gL e may be
G @Bé\ﬂtet e bil hat befpal't*oﬁénolh@b’ﬁéce%ubtﬁaﬁhé&ﬁl@wﬁd chp (R5cribed below) if
| ayer The ’“second | ayer is preferably

c@?ﬁquﬁidrl cal in shape alt hough ot her cross-sectional

oot e stoli B8 amifBleus R0l oftho RRl 8RS 0 Besoross
foettionsl sBapeb swhras 3val fiieigelsrady EMyQoh@l ca3® b@médfprbfel%blyhm)fﬁt filter layer 2
20 |sg£| eated to |ncrease the avai |l abl e surface’ area.

Thieleatedlo dseeass the ayailahig eifageares seal ed along its
‘S’ﬁng:q)ﬁ}anmﬁcelgﬁleilxw@lﬂ@éro?r;]oetﬁgﬁr?tqflté{rh@\é ?lssa%ggﬂlng@n%r layer 20. The
ssacdnd daye22) ipprefetablycglmdricdl if lshaperaltihmlgleothé’r(l;ross-sec’elewdl atiapésosuch as

afirst end c 24 ch as mer adhesi op, so
(RSP ”ﬁ'@“gF o1 glyeial e be E?@Q&NB ﬁ@%?%r%@ 'ﬁét%leoﬁ%ﬂﬁéhﬁpfzﬁ%ﬁ% first fitter
Sayet ?Wef@r@bl?fhe’s@&)né P Tége r20lid ;géatéd&}?f ftred& thia\%ﬁﬁ)lleeé?;rfééé #fea. The
second such mer adhesi on
sseccmd rﬂlterﬂayamBOngseaIed albhg s \xeatcal elégm‘(emtabtb\m) arefecabtyky a seam (not
owrﬁ "as l|sa§lye‘ﬁ rknc;‘)’V\?n in the art. The top horizontal surface 22 of the second filter layer 20 is
sealed to a first end cap 24 such as by polymer adhesion, solvent bonding or adhesives. Likewise
the bottom horizontal surface 26 of the second filter layer 20 is sealed to a second end cap 28 such

as by polymer adhesion, solvent bonding or adhesives. Preferably a porous spacer layer 30 is
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3 placed adjacent the inner surface of the second

filter layer 20 and sealed to the top and bottom end

caps 24 and 28. As shown, the inner edges of the first

and second end caps 6, 10 of the first filter |ayer 2

are liquid tightly sealed to the respective outer

surfaces of the core 12. The inner edges of the first

5 and second endcaps 24, 28 of the second filter |ayer

28acet %djlaééﬁtlthél mhérg;hﬁéc\é opak&dnd fitet B%r@@%ﬁ’@ﬁale&% thé kbb%hd bottom end
surfaces of the first and second ehd caps 6,

f¢%&?4ﬁﬁd$kr layer 2. Arranged concentrically outmard

ot 1 e, 6 A Sesioh e il AnPieEond Bod Sanf BRI IR st g taver2
t &re liquidt tightly%éGles toCtﬁe ieb;ﬁee&\!@dﬂ@lﬁmr%ées A the@bret1her rﬁemﬂéﬂges of the first
filter |ayer | osed cartridge end ca

a0 s6eong 87 4ches 7l 2 PG seondier |@){9b203ﬁ1fa i @ipont, sealsd brthe spective
féthff%FrgéEgs Jf%cf'srf?éi %ﬁkg%ézchﬁot% 05;?9’66 4 5 ‘the f?r%élﬂé Ié}@ % l‘Agﬂang(ed

cartridgée end cap avin
t ¢oacentrisallyi ontywaBPand macbundh the IsectohdJ flltee Imglerdﬁmsa ﬁdﬂo@mdrtrﬁ@e bcbusmg 32 that is

R a5 el HRrpolbh edgen e RS, 2B GAeccHoooR ST B7pR 9. A top
hé?éé’éd BQ’m@&e éﬁd%fap BA RWedidy t@‘t’r%‘hohé?ﬁ‘g LSRN @r@hd;é{?%%rzg tc’bﬁtge first and

the first [ ter ayer bef ore enterln
agedondditer IavgrStEh &0.7A hottem cartndgejgld aap 86 bamngean o8Bkt 38 15 spaled to the

TR ool B TR SR el A SR a0 o

adoirpl@ette cpmggnt ri cal ly outward of the last. Once the
outer nost filter layer has been formed and seal ed the

por ousin g BanneG uwdqwmt%ﬁbe beusing 32 mush flowthreugh de seaend 20 and
CHBTRESIBHREL 2 ol FBIIEYe Bl EPAIR SR8 Rl et e

conpr i Mdermbn@ltabbmamb ptdsawtimbrttlen nﬁﬁh@klmﬂre laérdtmk)ha?yefscmth each layer
_nd bottom end caps. ired, e core

d AgeENCES A é"@f\gﬁ@Foﬂﬁﬂl"I'CanOUM?éd %fdfwdgﬁe%p%e&uteirmoﬁé@er layer
BB B 5 GRS IPRLE o Ry e ndca
aappliedi onal Iayers are then |ikew se forned as

s, of | ter and bottom en

b nb), i
S ane Kby Gisfaing et gyt i o o b SRUARY 5 Baibasserby

P&h@ﬂé’ed%ﬁ’ét%b’st tR& fileHRBRAAI ahdiﬂﬁﬁfopaaﬁd bétfon ¢h %% s"‘ﬁHéswe(ﬁhe core may
The inner diameter of an outer layer is substant

t hednclugia agiiha iseravall okihe auh@gsembty mfﬁmab be aseparte plgcesnmlc@rporated as

net.ho
R e B R BB O R, el B D RERES e e evise
Ofbrmbﬂ ab BbacsHimbliad 1 filtel @4t Idabidop ghdtbidforh briddap$. iPrdférably each additional
% At best there should be a
assembly has a porous spacer or support layer as its inner wall.

The inner diameter of an outer layer is substantially the same diameter (although it may be
slightly smaller depending upon the sealing method used ( discussed below) as the outer diameter
of the layer inward of it or of the core when referring to the first filter layer. At best there should be a
slight interference fit between the adjacent layers as they are assembled together. In this manner,
there is a close fit between the subassemblies so that they can be sealed together in a liquid tight

manner.
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slight interference fit between the adjacent |ayers as
they are assenbled together. In this manner, there is
a close fit between the subassenblies so that they can
be sealed together in a liquid tight 30 manner. 4 As
each | ayer can be independently tested for integrity,
one can use any conventional test such as the
air/water diffusion test in which the nmenbrane is wet

and aAgesthiayercdanbé Bdegendentiptestod for mﬁafgn% hede @Efﬂ@eﬁaﬁ?c@ﬁ/erﬂlonal test
set pressure or range, of ﬁressures e fl ow of

pugh ﬁ’é&@ alreatendtiysion te%mw@tc dedeergiranetiewehans a gass epplied o one side
@‘ﬁﬂﬁ Vﬁ?%@t‘;ﬁes&lﬂ@ 0 @Kﬁ of p%sétﬁ’ése%eaf‘ow%rf th'efgaé {s n83Surdd on the
s feh &ar .

e’ or defective

@theresrde af the elepbranertd de&rmms whethemtiteday@oip integfrdl oeif iclthsaaddfect such as a
st such as a binary gas test as clained in

t
éﬁkﬁv&f‘?@"e‘aﬁ%h ication filed this day entitled
'VEt R ARy, S a‘ﬁ”§e £ Rlore ds'oBﬁlﬁﬂétﬁa Xnots%ﬁ%ﬁv@???éucﬁ)?é Qtﬁ@%ry gas

Material s" by Jo Lewnar , e selec
testi asslaimedyrea co-pendnag apicatian filed thislday entidled ‘Methotds arxiL8 ystaink éor

2 RS B RS8R o e Rl e 0 S0 i e
wlltH@nqdunm fisneabledenhd hifarPgeres used! R BRshplelone c&ﬁ@s%&ma@éreamohm
chosen such that one has a high solublllty in the

mixegefavater a@dr@@ab@l aaf thetlikeedapending upas tha gpssaselected. Ultwol gasss are

8 DR D REREOR RCH O 0 s

mlthat)kdmwllqpldrSdlettth Qagiadetude batlrenogy kg t@@uﬂbdnfdﬁ)xlde l‘F&eonTélm‘ur
as mxture is introduced as describ

fmngﬁwﬁ o Rther pe uaropﬂaéfeﬁeﬁ@ﬂ%%%anéﬁwm The IbkﬁﬁrY\QéS Yﬂt%fué%'é h
|ﬂﬁ$b%5eoaé§‘iiigééﬁﬁ?] F@Ui%k’ BA-cOh g%ﬁetgfmlrkfé‘atapnoﬂﬁt b1 8fe BPRER ohér and the
y the déete vice such as a gas

measur e ct’ion
a:mtmhdtoo@oramth ab theggasemssmegsarct by thetdetection devies stomasd gasam

S B ok R o GO LB Ul B
\Qﬁ?éﬂ%? iR i9ashif hrtt%ﬂﬁﬁatl\)évb‘?rfoﬁnttdﬂ &ach ggs"‘ﬁ WeRbtcRER 4B st@%mgﬁﬁere the

differs fromt eg'gredeterm ned unt of gas”init
melseed amoun ef gasyifiersrifomethelpredatermined emount ofegcas initiallyragided to the

b hEREd B0 ER B Pa Snceftbais L Bl ierened o be

iReg . NntegralawtRPTfingRSr6ih toad pordBaRteriBoMesRmeA-tibfaive. TR
predet erm ned anmount may be, for exanpl e, the anount of

rga@etaf@me@ prapuimay,bey far exaseple, Mecmgantohgas calﬁwl@tgd 9 diffuprethraugh the

@%@%P Ret'f@?itpgfo'u? l'na%bal At QgVe%n(erﬁﬁ 4 TR 3hY {)]%?/s?ltbe T{ﬂé gﬁgﬁj{eﬁperature and

sure

pr&memdylbeeheaerdp@atelssand premmbémndbmmdh thehestti@hducted.
of testing integrity is

conduct ed Ano her met hod
use aﬁnqﬁ&u mgthp Q{G%étnq)'atearﬂ%tsrt@/us(eeaénwgzliq%mmetw t@sas shown in US
5,282,380 and 5,457,986 (DiLeo) which may also be used in the present invention.

The method used for testing integrity is not critical to the invention. Any method that

provides one with a suitable value of integrity and which is not destructive to the device can be
used.

Once all the layers have been made and successfully tested, they can be assembled. The
easiest method is to simply slide the first layer into the hollow center of the second layer, slide the

combined first and second layer into the third layer, etc. Each pair of layers can be sealed to each



25 5,282,380 and 5,457,986 (Di Leo) which may al so be
used in the present invention. The nethod used for
testing integrity is not critical to the invention. Any
nmet hod that provides one with a suitable value of
integrity and which is not destructive to the device
can be wused. Once all the | ayers have been nmade and
successfully tested, they can be assenbl ed. The 30

coshesbmLipt s, sl 2 e e TS LV e
COPfhdiRss %ferkﬁbwrﬂﬁg?e%ﬁgﬁj;ﬂtlés% dch 'omer’argihﬁclddg 'bﬁtﬂaré @’6{ g@hegrto

etc. Each pair of can be sealed to eac
beadhesvesosctlventbonq;ng d:eat@dulmaspnlobmwinglaawwd;kef used or

ar o knoblE b RER TR Pl atpitieq And Baled i ek oyffghe B bottom
51 nehdagkss dpaibll sRaled RS rebpebiive @8rtridge elﬁéb&éﬁa\dﬁéouté?r(hbﬁ’ﬁrfgtto complete the

bondi ng heat or ultrasonic bonding and the |ike.” After
al BSsemelY] ayers have been assenbl ed and seal ed to each

ot her | .

o espen il Bfe e Sidel R aibo SRR Todth & e B Serpubifo over e
C opytérerost ldyeranddisshepidek the oflirt @sseaibiyred ¥ molaraad thiwatichl makeor overmold the
t he subassenbl ies together, slide an outer housi n%é‘ove

t hearrigga endeaps ovar Mipeandeang of thelayass anddhe husias o Greatena iquidight sealing

101 nét?an@e td and injection nmold or overnold the
cartrirdge endcaps over the endcaps of the layers and
t he hou§lherr¢pvbe> adt reethexls af the qeseht tnivgmbn sancieiused withQany filter media of any
ar r.antﬂemen ds of

{
8 g CAo2hE B Oy 45 el s g e o s 476 Mghge for exampe

si g6veh Bﬁﬁon’-\ﬁovﬁﬁfﬂ@@ cfP cé’:ft p&ﬁuﬂﬁemtﬂ&rﬁ@ rTHe)flltér?rﬁd%q'néX% Ricroporous,
gases or % may be for exanple wove

nouitraf/diwém fur), memtélltrehonmaverpe)amsmmthrané@mecrhfea olymeeselected from

s T T 5o B RIRBY e PR svmpoene, v

pObdpm?mer%%h@@lbI@oléﬂh@ Metdlotne blefisic @WbrﬁPFRQ\MB’ﬁPWE’E @R carbonate,

i ncl udi ng ul trabhi %h nmol ecul ar wei ght pol yet hyl ene,

poylwl,pQﬂg mefsesucheagV G BplyANyidassychaasdyian m@tyesja;rgfqemose cellulose acetate,
g%’%r %dr:cgltﬂés%fé&ulg Q@@é@{éﬁgmg@ngﬁ Q)Iyeﬁ{l%ﬁlphone polyarylsulphone,

poF?thremyBalmemh peiyacry}dnmie ppigViyydiddne figoride ¢PVDH) e blends thereof. The
cel | u] ose 0se,

20 coWﬁ'Bér@[‘%ge ecf?g%yw%m%ghne%pgﬁc}%gqqi lsg Eﬂq;g;lﬁ@chargctelrlstlcs particle type

0 I | sul phone,
Bo%ﬁ%&?%&n@?%ﬁ%nd thg(ﬂ{)w\e/%‘sﬁsﬁyl dene fluoride (PVDF), and

bl ends Thaewtfmmltermmpozmtmwb s ek Gps, erdeteabuithﬁohmud;mgs;mones ports,
the a gllcatb def q g tt f onhc artalcter St I |
D aYalves el B Re Made of & varie y of materials, such as metal, ceramic, g ass or plastic.
Preferably, the components are formed of plastics, more preferably thermoplastics, such as
25  polyolefins, especially polyethylene and polypropylene, homopolymers or copolymers thereof,
ethylene vinyl acetate (EVA) copolymers; 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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and size to be filtered and the flow desired. The other
filter conponents such as end caps, inlets, outlets,
housi ngs, cores, ports, valves, etc., can be nade of a
variety of materials, such as netal, ceramc, glass or
plastic. Preferably, the ¢geonents are fornmed of

pl astics, nore preferably thernoplastics, such as 25
pol yol ef i ns, especially pol yet hyl ene and pol ypropyl ene,
honopol ymers or copol yners thereof, ethylene vinyl
et istcleinie@vA) copol yners; pol ycar bonat es; styrenes:
PTFE resin; thernoplastic perfluorinated polyners such
PFA, nonns and ot her polyam des; PET and bl ends of any

of 11)?1@f.|m§norv@ev|c§céﬁqpﬂsmg V\hat |s cI a| msd 1) A
filtration device conpri nor e

concent rfc #IOf ﬁ‘@rrelC@%ﬂenir'%)é'ﬁéflcé'f'a)’ﬁfslQf @f%s b. a first
| ayer ofy, fijdf{rﬁ'iag thlféghQnr{g'arflﬁ% 3% cléﬁg?ﬁﬁg%rﬁé’g?e%gé r{eﬁ%é;ether in a

edge j oi ne arran
first hori Ziquid aght emahgerhentt heefirdtihordonthl dntl ef thé frgifiitetdgyjenbeing liquid

nor zont al T8HbaRSELEa e Ferieapd aseqoag Bhrzomel gl eI gteraer
tightly borbg@,e"%ﬁa fRndescRash tgggg&gdgl;}dt%mg a second | ayer

of filter having a™irst and secon vertical edge
j oi ned togetdeeond layar of filtdr having & firgfland secoadhigie vertital edgefjdinesittogether

. . . Liquid ..
aht Ly borlGeeobl FrePdiredh adishidirona bad o fpetond et yerbeig
hori zont al Ilglﬂditlg?ﬂly bdreled BT endcap bR 2 ée@b!rﬁf hoR£inkfend &1 %He%econd
tightly bon to a second endcap; d. por ous core and

an outlet fibgrlaypebeingligeid tighdy bended tom %cor[dwgdcfapr st filter

| ayer be<d %ﬁforus@&g%nocgf@ﬁﬁg tlﬁeaﬂltg e?@%und the core and

outlet o evi er di aneter

equal t oe.orthd fastditar ldybretiRing arrante If:ord:emmallyeéro@fd thd (fb@e @rf@lfdatlet of the
f. the second | ayer having an inner di aneter equal

or |arger t98Use AW havipgean ingar diameter eqyal to H@a'ﬂﬁrrtiﬁn qn@u@r diameter of
and bei ng qﬁer&‘:%ed concentrically around the first

| ayer; e endcaps of the first |ayer being

bonded |h ahd Jequriddayer lggving iem imnerrdidnwetdrlequat tarce larger than an outer

diameter of the first layer and being arranged concentrically around the first layer;
g. the endcaps of the first layer being bonded in a liquid tight manner to the core,
outlet and endcap of the second layer; and
h. a porous outer cage arranged concentrically around an outer periphery of the
second layer and being sealed to the outlet and the endcap of the second layer.

2) A method of forming a filtration device having two or more layers of filter, each of which is
capable of being tested for integrity independently, comprising the steps of:

a. forming a first layer of filter having a first and second two vertical edge joined
together in a liquid tight arrangement, a first horizontal end of the first filter layer
being liquid tightly bonded to a first endcap and a second horizontal end of the first
filter layer being liquid tightly bonded to a second endcap;

b. testing the integrity of the first layer as formed in step (a);
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outl et and endcap of the second |ayer; and h. a porous

outer cage arranged concentrically around an outer

peri phery of the second |ayer and being sealed to the
outlet and the endcap of the second layer. 25 2) A

method of formng a filtration device having two or

nmore layers of filter, each of which is capable of

being tested for integrity independently, conprising

t he step§ dformiag asegond layeraf filier kaving gyiest arsk seponditwe vastipal edge joined

" 5 11 qut doRREn P YR Al el SRk R Bideno e
of the firdbyet bditgeliquidaytely botaed figa firstntchptand 8 sécond rariderdal end of
to a first endcaﬁband a second horjzontal end of the

first 30 fithge§eco fwsrrlawéb@i@p ljquig dipkilybpesied tga sReARLANTERD; o

second eRd e first

| ayer as Bf gt?ﬁnlg H|ar|1ntés @tdf ?]g)sg&ﬂq!agéﬁ%mregn)ﬁnsgépé&gecond

| ayer of ef |artaeg|ngwﬂwi‘msga)mr toncerttricathydarsnd @rpdrousveore ethe caralcontaining
edge | oi ned t@aether inaliquid tight arrangenent, a
first hori ZBHUEFY end of the second filter | ayer being
liquidt |f9Mriaﬁgl@lﬂg§§boﬁd)la?erfcbﬁcéﬁtr@ﬂyj%ﬁ’ndqﬁléjﬁr@t |a;y@f:0

hori zontal end t he second [ter |ayer liquid
tightly Boriweding be goreditsiieyereand seqond Byer. togteélst in agqmchmht manner

arr angt ng. cted PR FGRLG0 P e soRindefiat Bt B hf houch e st aer

por ous cor epeford kRachiytiee R4l thenthe olet. out | et f.
arrangi ng the second | ayer concentrically around the

first layer; g. bonding the core, first |ayer and
second | ayer together in a liquid tight manner 10 such
that all liquid entering the second outer |ayer nust
flow through the first |layer before reaching the core
and then the outlet. 8



