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Integrity Testable Multilayered Filter Device Cross
Ref erence Rel ated Applications The present
utility patent application clains the benefit of U S
Provi si onal Patent 5Application No.: 60/725,442, filed
on Cctober 11, 2005. The entire contents of which are
i ncorporated herewith in entirety. The present
i nvention rel ates rtayrity Tdstdble Rultiapdred Filter @etitd 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 I ters or
menbr ane each of m%ﬁé?ésf&(e:i&ﬁ?éﬂd%pﬁlggpdﬁé integrity

t est edhé prdsent dtilityl patent dpalidatipnanlairs thé béreéit df Ve Rtavisional Patent

one filter | &es._eontain re. layer f
PPReaton o SR AGERRERRRRe A BB aRR e cabaB o Wit
%wpg,{a@dmg,@mﬁ,ﬁ@ﬂﬁg characteristics such as retention.

I's 1 nportant tha%, each | ayer 15remain integral and

defect free throughout the assenbly process and during

the 11 ket YA es f ARG Db ol &f 8 membrane

tHat ie ugdabRIdf Béirg |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 preBamkgredrsl)of he Ivpitiohed to 20one si de
menbr an on the other sid

f th dits fl
5. 1o S0P BleT dpCep Tt & MOieJasls G BAgh gt aaienessepaihed together
I%‘SJdr&é? td)qalrﬁ%ertlaipl peten ?rfé?%h’érﬁﬂterfsms%ué%'r&@ﬁtﬁﬁ Ifl?ﬁ‘fﬁﬂﬁ)&&ﬁ'ﬁrﬁt each layer

ter or its seal
mvaalrcletegramdpefectlfleerthmlghowmemgsambiys)moeﬁandrdum@uﬁsmes

h | [ .S ,of t,hat
over g et BElup ot THehet Sl bortahig e Rl aver
tHrough %h @lr Hiffustondexdt ehls tdshwats butttﬁ@flltleﬂ)!)%rrsswuth'% SRS lquidNsueR 8s water,

| ayer not géow de one with a conclusive indication

bl oranieiares o6 fweddepending an whether the filter isywdrophificionbysigapbobic, the
8L To ek g BN BRE bk U0 B s sl

ond sidy citredvettod membraes &l igdow @n?theBth@r $idesis Bhsurddy 9Mitd W increase
all ows one the ability to do
downstream Is too quick or at a low pressure, thls 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 overall 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
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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Sunmary of the Invention 30The present invention
relates to a device having two or nore separate
filtration layers that can be independently tested for
integrity yet which allow for serial filtration through
the two or nore l|ayers to obtain the desired
characteristics such as retention. The deV|ce makes

?a%}gg Ghfe (@9 ﬁ%s?réd I@rﬁa?é%te'r@é? %%cgrég r%té?ﬁ’ {)ri gﬁ€8 ‘?\%olag% §u§533emblies of
baohriayer antinestoiench tgerifor integliey beforé e foImedmroethe‘ final device mﬂnat

ar eas ch containing one filter |ayer. Each area

one. f TR SR &Ts ;Pétwogma]%e flftramar%a@d%a&b cm@@gjorteaﬂt%r layer. Ech
olel e AR RIoRy 4 75 B0 B RRE MERAGER: ARRARYa scfonc
endtagbanded tald spccmd@um of thefilfer. Ghédrancassare hrrarigad cctnbmtriaah;&lround each

i d which is i d of
BhFebErbREhS ol P S BRSaf oSl et W3 g

ﬁ!(édEédhta?éHls folvfnéd%'ébﬁgte@%ﬁ@h@bﬁtklﬁs@&%@da@atél sb’fére ms&@lnmy The first
The first area is slid into the inside O t he second

gieads w] tto theeinsideref the/gscendceseanand dhes thei twe endearsraie eithebonded to each,

| ded b
R 103 BNl b b oo by o B EREPhe "dovi ce s
al so Alpﬁdcbsﬁerdnaktrlgltt% devite is2iso Uistibszd. a6 K filssfiltbogaaR ™ fimedof a
filter, preferably pleated to increase surface area,

{iker. creferably,pleated tg icieass surfaes area which isrossferaklneylindsigal inyfoim and having

“?Ag’r?ﬁ@%éﬁ Eﬁes %Qﬁﬂo@ﬁ@@?@tpésr?i zﬂﬁ@ldttl Pﬁ%&r?ﬁ%m‘gﬁ‘%&e{fl}% Hbfontal end

bi the: filter is iaqlJld mghtlyobmdghb Iawrsba}ddqﬂartd?helaseborrdﬁonmntttam chthe filter is
the filter 1s

ot oo erond endbei aPe g s ied sty sl usig an ntgrity
tEduch SSArear-ier difﬁ]§|@rglg$ttbfy/ weftihd e #ffer] @W@g???sn%ﬁtbﬁz&sure to one

such as an air-water usi onh test
8ifl¢ ofdhe flltap pnd/meaguengdbesfiownd air opthe sthar sidet of therfilersOtier nofi-destructive

st 2B e (28 o Bch i e e TRk 554 EpetBha ks
foRRddthe @dmeah@castm flast @lok. ﬂn@psacﬁ HELHSHrfer timeRdiaH 8braRanthe outer
t he |nte rity test, a second pack is fornmed the sane

wagen%@ of fhe first pack spas fe. formya eonpriic aFrargerentiah fiepacks aeanad eash other.

T3 8 0 R AR 0 M A B o
that:the firstpaick is 21976 thesseczmd @agkantlichicendehieically ir@Qndstthe firsipiaeld If desired

and if it passes, the two packs are finally assenbl ed
aastonaly layers Gy besormied cRncegtrical pund th@ﬂrgawemd pack whi ch

concemfdsh %ﬁ& 5tﬂer%Hfb5@M@ﬂ§ B’@ 'BEcofrde o?ho&é% Bne & cﬂﬁﬁ} Jkf %  the art from

addi ti onal ayers can conce
theepédaification md)claims below.

In the Drawings

Figure 1 shows a first embodiment of the present invention.
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These and ot her enbodi nents w || becone obvious to one
of ordinary skill in the art fromthe specification and
clainms below. 25 In the Drawings Figure 1 shows a first
enbodi nent of the present invention. Detailed
Description of the Invention The present invention
relates to a nultilayered filter device wherein each

| ayer is formed S5separate fromthe other layers in a
subassenbl y, each haV|ng a first and second endcap. A
central porous core LgiiledRessiptioao! e bventied used. Each
layer is then integrity tested and if they pass, they
are assenbl ed concentrically around each other and are
seal edl mq»resamnvemoﬁ celatessto kinyutilayered fiter deléceinderein each layer is formed
Pr ef

tqggarpfgzrpmfthq ﬁtéerr ?qlflérgrg}g g{qgsusgwslquéeﬁl gavgllgtazﬁ? OUtd engcap A central
hsktis B8re ARG An dutEVdrd ARG E%@I‘F B%/cfr id thé mﬂeﬁr}f‘ﬁfesl@@ anﬁf‘tﬁé‘y pass, they

the core before exiting the ou rel s
fare sssenbdafb@nnnqmcawar@umd epeheasian and areeeaieddo. eaahttmfotm\a liquid tight

BT 350 e R e BRI B 8050 o

adngiiag ihe hovstgimueBllowaktagsh dabifilteapatMand perthe cad Ibyfo@exmng the outlet.

seam ( not shovvn as is well-known in the art
hor i zddug 1 Wéé‘éﬁt mbﬁdmﬁqméoffthq Rresent Ia\geéhonzvlméwglémrsaafore)than two
ol o6 APPSR By B TR Bl et ho

saertlbaicedgeﬁ (ot shdwe) bmfetably bly aysedm ot @ow&)ads@lwéllﬂﬂfnwmmsmm The top
ymer adhesi on, sol vent bondin

9%95 e Ofﬂh%@tﬁﬁé@?g@rssali@waamnq 47 & FreAS by pohmeeadhesion,
%folvbﬁl%oﬁdlrfggfr % esivEy. LkEW& thé Botfol h%nfo'ﬁﬁ%ﬂrlggé‘épcgﬁetfg?ﬂ%%r2ls sealed

he core e a separate piece or
doetsécand pmdatmp 18 sudh aady poipmeratiheston esotvertdpnd] ngchesdheisivesj A porous
st filter

3515 Bt et Siend 5% 1t B e i atngpmeR Lol 8.0 may be

a separate piece or may be part of another piece such as the outlet end cap ( described below) if
desired. |

As shown the first filter layer 2 is preferably cylindrical in shape, although other cross-
sectional shapes such as oval, triangular or polygonal can be used. Preferably the first filter layer 2
is pleated to increase the available surface area.

Arranged concentrically outside around the first filter layer 2 is a second filter layer 20. The
second layer 20 is preferably cylindrical in shape although other cross-sectional shapes such as
oval, triangular or polygonal can be used and it preferably has the same shape as the first filter
layer 2. Preferably the second filter layer 20 is pleated to increase the available surface area. The
second filter layer 20 is sealed along its vertical edges (not shown) preferably by a seam (not
shown) as is well-known 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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20secti onal shapes such as oval, triangular or

pol ygonal can be used. Preferably the first filter

layer 2 is pleated to increase the avail able surface

ar ea. Arranged concentrically outside around the

first filter layer 2 is a second filter layer 20. The

second layer 20 is preferably cylindrical in shape

al though ot her cross-sectional shapes such as oval,

t flacR0 abént € inRGN BsRY the Qéboﬁ&flltéﬁﬁfbr% énd §eal%8 ‘{Htﬁé ﬁ)‘B'aMd bottom end
has the same shape as the first filter 25layer 2.

Feaps 8¢ ansi 3B t he second filter layer 20 is pl eated to

| ayer Botplf SR e BoeS of HEF PR gl RS e lih iy ver2
pareflwcettghﬂy d@)ﬂledltostﬁ@léspier@tm dﬁl’e@wrbacwof the col - KiaanWer édyes of the first
the art. horjzontal surface 22 of the secon

f@rldtsé?onfj SJesS, 28 Ol seBon oy Saro Gaved bl s2a108 e wspeciive
Dy QB oS afisccBil et Randt A0l BEAEIGRL 2 Aianged

f cdnt@ftrlclaltymtwaﬁﬁandamedathe dedond éltes gerrq Cljsimpbr@smar?rﬁigs heusing 32 that is
30a poI r ad esion, . sol vent hondi 0 ive

oaR 8o B eneE B8 or e s 2 ot T iout Tk jaueicais A op
t&!&eﬂ Bé}f?lﬂge‘—‘éﬂdfcéﬁ 84 steélé’tﬁto%%ﬂg ng 3d bf tS;B @ﬁﬁec{?pgg 28Rfkhe first and

sealed to the top and bottom end caps
Asecestadilter, laytehsé 20 ihotterd g@’gldge ertdh)ap 86 hmngm@uﬂma&tsaedetﬂto the

I
ROe 72 A0 R0 et it 20 phd B R e S idtos 2. o
cevirpleledhe ddMidgenner edges of the first 5and second
endcaps 24, 28 of the second filter |ayer 20 are |liquid

ti ght | K thizmansar, figid whichentgseibe housing 32 mustsﬂgwﬁfa@t@b thﬁseﬁm 20 and
fl’hér?the ﬁgpf A?ﬁéﬂpggé’f B eﬁ@ﬁ e ccfr? 1250185 Iné t esf@}elf t S‘Eﬁi"c}h% Qutlet 38.

concen I Ca out Wa

s e c o n dAd mérttlemedl &w th2 Qreisent mvem:bn) mar] havetniorsl@en fvousiersavitB 3ach layer
sealed to the outer edges of the

NI AT S A GG Ay A ee! gty Onse s post e ayer
Cﬁa@%&% féﬁferdrahﬂjgéaale%'ﬂ% o Siﬂte ﬁbuﬁlﬁg?‘%r%qo %dtdgﬁcirﬁeé’rﬁ*dﬁ%end caps are

2, and top end caps |rs Seco
faﬂph@r | ayers 2, 20. A bottomcartridge end cap 36

h dt h dth

bot t o1A BRSUSsEkn el eS8 Heticn i Y layed e apipassemdy
fdohfp%ed'oﬂé(t%a%t tRe fll%gmbt@rlé} QRdPhE top ahid Botfof dnd 'cQ&e If esired, the| ddre may
this manner, liquid which enters the housing 3

fhegoeluded asityh lmﬁreNaﬁ@éﬂaa dutresemily or ieay bene s¢farate pleael or mcorporated as

fp@‘tt%ipwg bﬁtf gﬁr@gﬁteﬂg{ﬁ'ﬂgﬁehs%%o%ra?g ]Tz'ggs%arﬁdﬁﬁ@?@glg&e&@@ then likewise

t foreneid 126 SEbabsenthiER Yt filen anthat IdasiMep ARARttdM aml dap® Prafatablpeach additional
with each | ayer being assenbl ed and arranged

chassATblY Baf 4 ROTQIUSSRAEHONGHPROA daypRastts inoacwallt he out er nost
filterry e%ﬁgf difAste ka?SFthQI if?ﬁ&taﬁﬁé?ﬁ% &l BMS dIB@Btgg@ghOgghelt may be

out er ou3| ng and top an om car ge en
agligitly saaller depending upon the seallng method used ( dlscussed 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.



A nmet hod of meking the present device is to formthe

first layer as a subassenbly 20 conprised of at |east
the filter material and the top and bottom end caps. If
desired, the core nmay be included as the inner wall of

fﬂio’?%%?ifai%% o dpbesr e as o SR b cBh 6 i frnggntional tes
sUdheasIRCamehterdmdsion testeswRigttthe Adebiah®Ralet hralyegas is pked thehe side

| i kewi se formed as subassenblies of filter and at |east

of the mambrap atagat rEeRguTe aprangerat eressuast Thediaw i theigastis Bargured on the
S | ! el i

USRI erEAn b BREBIE TR SRR P o

pmubﬁtcﬁaﬁefébtlvysédne same diameter (although it may be

slig snal | er dependi n n.the sealing nethod

(o Blerasi et 630 VSaa T SoRUrRIeH STHSEEHVBest Rie gy gas

t#s?#tiﬁlgl L c@berﬂbngsélﬁmﬁl(‘};a%rﬁﬂl fFl% d feﬁf tfeHnﬂettSQdé bt dystedds for

a er ere s be a sl
Integntyrtésem@ofcf’ercﬂs Materaistéy dohn hewrmql d{ttblaltest th;aeelsctatf lteHeyer is wetted

h | hi
o B UERE R 0 anel e Bty et el R R o chel Bk B
nﬁ%@'o?%aie@gﬁfd Biedhol BncBthk likkddbehdigf liporQABR GaRE selected. Tv(b‘sgases are
each | ayer can be independent|ly tested for integrit

chiasen sugh that eneches adigh velhbiitpindhe ligkid of chalehangshe w&eréias ameéwlublhty
PRAT B S5bchLodBL 60T R TR G L alh B0 St
hpxafastidecoragtherapagfeiond gaueesrmhteegsaseé'laed tHedWe oThd bhirargaas ingxture is

sured on the other side of t ne to deter
RGN & Medeiegpiard prooynh ey ea? qt*fer.af\ d {8 amguni gf rcor ot bolf of the
A%é%'% rﬁéasﬁreﬂ Ib tHRQkRctdh dBviceduBr hd ¥ gasstﬁ?dmatogra hora massdspectrometer

ternatively, one can use a nor SOp I st’l cated an
os thesiownsireameite osthe filteafayer th deteminegdetheetberedsa githinhedrelative

ARt Eeeeh i BRI B0 a8 suervEpbey R Y ety g ofers rom
tH@ér@détéﬁn&ed%o&ﬁm ghs RN added tb Mesystenta ddfdfwlsﬁﬁi@leet@@ EPﬂho

filter layer is wetted with a liquid that is suitab
differengere cericarirajionyis dwigd,jkedlayer ﬁcﬂete@nlaeqoméve dRorad dwegfgbwhen referring
8235 5B era Mot oo, TREPro DRl Rt 5 B orampic
treteptouhtiuditjasooaulated tcadllmsglﬁmr&@hmm ihtegrsl, wattadrperdui; matedalat a given
ch0| ean t he other has a | ower sol ubi i n, that
Snoicie G eressarn o8 i QeTu TR o B e b epeaiaand

pFe@s&f‘ﬁﬁHéF‘wﬁ#brPﬁﬁé%t ,Sgérﬁjg&ed sul fur hexafl uoride or other
perfluoro gases, noble gases and the |ike. The binary
gas mnamemeetmcsi of t&shrtgdmjegw i to use @rigeldtiqiidwoneraeta testiag shown in US
r ' t and t he anount, of one or both of
s bags 42 SR huckol e e aseie Bet b BeTEE st as
gas r
downy rngégr?%tdgjlgéoa@h?ﬁlb%ﬁ\tegmﬁﬁ nob @éa!e @eretlﬁ\{?e@ﬂ M‘ﬁnethod that
prvidehere withersaitatie valuetof ntegfitp andmhlchab abfi deetrtmmeumthecmtevumcdn be
geﬁj; in the detected gas stream Were the neasured

unt of gas differs fromthe predeterm ned amunt of
gas [
dot oo e el pach rhod ot SUcBtenfly B hoviodn pe sesqmbled. The
ebdiest naed isits sitiely slideitimefitsttiayebietoitn fedovatentdr of tagsedond lajee/slide the
referring hereip to a mat er ns
ChERIOALT S ard o iRt st B i Ty eic o AR i Sisean bisseated to each
exanpl e, the amount of gas calculated to diffuse
through the integral, wetted porous material at a given
tenperature and pressure. Theggiven tenperature and
pressure nay be the terrperature and pressure under
whi ch the test is conducted. Anot her net hod of
testing integrity is to use a liquid-liquid poronetry
test as shown in US 5,282,380 and 5,457,986 (Di Leo)
whi ch nay al so be used in the present invention.
The nethod used for testing integrity is not critical
to the invention. Any method that provides one with a
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assenbl y. Al ternatively, one can slide the
subassenbl i es together, slide an outer housing over the
outernost |ayer and then place the entire assenbly into
a nold and injection nold or overnold the cartridge
endcaps over the endcaps of the |layers and the housing
to create a liquid tight sealing 10arrangenent. The
devi ce and net hods of the present i nvention can be used

fil a etha i's capabl ,
be iy Telhre niipoteed ey aeRierib st anhes Ga RS serapt ongg. A variely
be off rfdthddy @@mné\umyﬁéllr%rpldé% ! étﬁ'&tﬁef éﬁd‘?ﬁ&d@ but&Shot limited to
porous nenbranes. Thef ia may be
m ethepivgspsaivenibonding, |heatroaultrammc boring andntlneﬂlkd tration or
reverse ne forned, of a L ynme
From 15818 Re TrEmaieseen parhgs b SeRAiacnghh B kg botom
NDERfbsre MRdcaled ooyt ivg carfifige BRICHPERIANS SUIE hofd¥ to complete the
copolyners and al pha ol efins, netall ocene ol efinic
poBssa@blY, PFA, MFA, PTFE, pol ycar bonat e, vinyl

copoly . ,

ol yeat SHanataY. ofi oefce B pbAeltBoditelher S8 Eh Ao ouging over e

Cef)ll'tem'ﬁﬁ%yef?mﬁ' thenqpeee Ff@fmthlélaésemblde) § Faldring miaction mold or overmold the

pol yet her sul phone, pal yaryl su

pop%%‘%ﬁmg@pﬁ BRI e engesy aéhs/lam and thehoueag {pirenfa 3 lnuigdight sealing
gﬁ PVDF), and bl ends thereof. The 20nenbrane

se CP lepends upon the application, desired

f i | trat Thendevie arzchethadstof the prepent inveritien tane uaediwith ang filted media of any
tered nd th desi r ed. ._.Ihe. ot her

£ e hAiGE A ing et 5o/ B geses opiwS Tl Prbeyor exampe

howgeR @B RonCRIVES filteRUT kst pdrBlhsifmbraies: TheGifdt nkia i De ¥midtoporous,

variety of materials, such as netal, ceramc, glass or

p| alafilteatiorn{UE), @a@ctﬂltrytlontom cevereﬁpsjmtstrmnmraaeff@ma@df agfolymer selected from

b ﬁ%i%ﬁﬁhna%‘% OfeigieTiRPng o IR Pedie yim DR TH, Femrytere, Eva

COPOYMBISRIAG alplﬁa si&fing)| mﬁﬁaﬁbé‘enb bl%f BOpolyn) PFARNFA PTFE, polycarbonate,
acet ate fEVA copol yners; ycar bonat es; st renes;

PTY—‘*EY‘ Eepsly merStSH@naﬁP Caﬁ@'Vﬁf“"{!%rsﬂmﬁ?rﬂYhatF@Ue%@S WM@GSQ?H*HPSG acetate,
f%gﬁr{é}‘ét%ll%‘s‘eéeﬁlm&ge c&ﬁé{s"ﬂ&l g&?sulpﬁ&} Bt ASnepoifsulphone,

polyphenylsulphone, polyacrylonitrile, polyvinylidene fluoride (PVDF), and blends thereof. The

membrane selected depends upon the application, desired filtration characteristics, particle type
and size to be filtered and the flow desired.

The other filter components such as end caps, inlets, outlets, housings, cores, ports,
valves, etc., can be made of a variety of materials, such as metal, ceramic, glass or plastic.
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; polycarbonates; styrenes; PTFE resin; thermoplastic
perfluorinated polymers such PFA; nylons and other polyamides; PET and blends of any of the
above.



1) A serial filtration device having opposing open and
cl osed ends, including two or nore concentric
cylindrical filter layers wherein each filter layer is
capabl e of being independently integrity tested before
bei ng assenbled into the filtration device, conprising:
a. two or nore concentric ch Urical layers of filters
including, a first filter Iayer having a first and
second two vertical edge joined together in a liquid
Whagisttlammedangenment, 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

| aiz)elA geaalhiiraliandleviee havigaopposing wpeuENdSlosednelarieriugingdwpor raore

?@9%15[0 c&lip%écgl @%?@@?%g@gﬂgaéhl fﬁe?rtlaﬁpg 05;%‘5%%‘# R(% Hﬁ)lndependently

ar ineodte wetet befarefberng tasdemibled intd thk fileatibn @Jévutdﬁ eorﬁmrsmgd
filter layer being liquid tightly bonded to a first
endcap? af® Y MOEEReENicylingria |?V%ﬁ9ff'5$rst”ﬁ|é iB@cond filter

| ayer bei rdirst filtlager hartd fiyst bﬁdmﬁhdttﬁ)o ertvalcaaigel Joemi tbgélher ina
b. a porous spacer |ayer | ocated ween the fi

second fi IIgs tahbgreangemank 2 it h'qﬂaqm%erid Qi fheifigst ﬁiteulﬁwrb@ng Imeld
fi d
Irst an gﬁf@ ‘Bs'ﬁheg i os&%p é‘ﬂﬁ% S;E%Eﬁg]l'gnzfo'nkt ﬁd glfm@% ‘ﬁlrst filtér layer

a porous c
endcap hawveing ligud t@lhﬂy teindédoin atsla-nﬂlehdoap, deV| ce; d.
cl osed top cartr e en

tr
cndoap | nAeamde e Faras i afdsghid b %?awﬁﬁf‘élelp%ﬁf%gether n

fluids ex'atllhlﬂ&tléhh&rdcnbérﬁ&ﬁ 2GRy hérRontal enm@rfeedeeorﬂfﬁ@erﬂdyéﬁﬁemg liquid
filter layer being arranged concentrically around

core and dightlydondstl te ladird evdoep anthe saeant hgrizental endeof the second fitter

the.cor e; faruodaP B Bfest R vedh e havi mg an”
i nner ki amelogs spastadyet lBcawd be@ﬁ@ﬂﬂhdﬂnﬁ@n@mo@m filter layers, being liquid
di aneter of the first filter |ayer and bei ng arranged

concent r figly P?}Jngﬁ%mﬁarsf 3 qu:qnglewqap% @the segerid filter |a)teﬁe
first of‘f Egﬁrroué é’c}f@ ra t5 5Io°s%ﬁsﬁtﬁ9 Qn@&lﬁ?@%ﬁ#@fﬁcb@%@nn@ an outlet for
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f. the first filter layer first endcap being bonded in a liquid tight manner to the core and
to the closed top cartridge endcap, and the outer edges of the first filter layer first
endcap being bonded in a liquid tight manner to the inner edges of the second filter
layer first endcap, wherein the second filter layer first endcap being bonded in a
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thereof. 9. Acylindrical filter cartridge having
opposi ng open and cl osed ends, conpri sing:



a. a cylindrical inner porous core; b. a cylindrical
first filter arranged concentrically around the core
having: a first horizontal surface, and a second

hori zontal surface, c. a first endcap and second endcap
each having outer edges, the first horizontal surface
and the porous core are bonded in a liquid tight manner
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peyi ping ‘ﬁ[t’rratno"f\ dE?&é é%c&?lhb ?&H‘élrﬁh \ﬁl#{arrélﬁ‘f?@ secnd fllﬁerfa%‘rr i Eblected from

hori zontal ‘surface; hird endcap and fourth endcap
each theagreup aongisting dbaanlcm@roumféteb yiiretitralige &lter, arnefitetiort filles or

endcg&gge?)ﬁgg{fﬂﬁ%?rabanéa liquid tight manner to the inner
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f d . _Wh h
o1 & RO lralh 3B doclyiia it 2 RS s SR F 1y e £ PR
sel eqﬁa%haf defilet ln@mgheoglmmﬁgstmg bngﬂy@feﬂr%oba{mtyleh@ ngtiaRgh

adhesi ve bondin bondi n trasgnlc bondi n

wher éiqecHigeweight %@yﬂqufoqqyﬁmp B 8@@6“93“%( GE qolﬁol&mgrs alpha
l'i quidgbfifd, %Ealldiﬁéﬂé‘@léfnﬁ&goﬁgﬂ%ré PEA q\/lﬁi‘@qﬁ@ &o@@é}béﬁéé fnﬁﬂ&éﬂ%lymers,
hori zontal surface is in a

ht mann

t o t /G pelyamidesnititeappolyestetghealialpse, ﬁ&ildloﬁﬁ)a@t@iﬁ @gae@ated cellulose
| ayer, eI'I SEQ ;ggtés oSystloAtedndiyeHitsulBREEE ol iduipRofdi T d

and i
polyphenylsulphone polyacrylonitrile, polyvinylidene fluoride, and blends thereof.

9. A cylindrical filter cartridge having opposing open and closed ends, comprising:

a. acylindrical inner porous core;

b. a cylindrical first filter arranged concentrically around the core having:

a first horizontal surface, and
a second horizontal surface,

c. afirst endcap and second endcap each having outer edges, the first horizontal
surface and the porous core are bonded in a liquid tight manner to the first endcap,
and the porous core and the second horizontal surface are bonded in a liquid tight
manner to the second endcap,

d. aporous spacer layer arranged concentrically around the first filter;

e. acylindrical second filter arranged concentrically around the porous spacer layer
having an outer periphery,

a third horizontal surface, and
a fourth horizontal surface;

f. athird endcap and fourth endcap each have inner edges and the outer edges of the



g. aclose top fifth endcap wherein the first endcap
and the third endcap are each bonded in a liquid tight
manner to the fifth endcap; h. an opened bottom sixth
endcap having a fluid outlet for filtered fluids

Four t n-efisesost 6 o8k 5 gl R FEARA 1RGP, % bt v
to the opednap dnd tteantes edgeb oétheiselpnd emidap are doraed umzlquwdalbht

por ous oute housi n r oncent r.i aII ar,

Phe out oepRsri peitpecaes d HedRdienicep, aeih BR stsksdt e gndoaps
a |iquidatd tﬂ)h&ed@r@a@rtogfe%r t%y a héBodstlceted Gremaie g?f)upidbﬂmstlng of
third and fourth endcap .. the closed fifth endcap

and 3. tﬁ@'V%@ﬂdwxﬁqhe%\f?d@a@ng: heat\pRrding and SH@sPNIG troo@nm s
capabl e Whef%ﬁl thlrd‘ﬁ’cﬁﬁﬁﬂéj?u do¥ isiIBh@AiM ewqgﬁoﬁf%;ﬁﬁﬁar%ft%rﬂ% third

bei ng assenb tration avin

opposi englca;qoemd thetpuch basizontal saréace is bongiaskien hqwdwt@htsreamrar to the fourth
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device, the second endcap and the fourth endcap are each bonded in a liquid tight
manner to the opened bottom sixth endcap; and
i. acylindrical porous outermost housing arranged concentrically around the outer
periphery of the second filter and bonded in a liquid tight manner to,
1. the outer edges of the third and fourth endcaps;
2. the closed fifth endcap, and
3. the open sixth endcap,
wherein each filter is capable of being independently integrity tested before being
assembled into the filtration device having opposing open and closed ends,
wherein the serial filtration device includes opposing open and closed ends such that
during liquid filtration a liquid must enter the filtration device i) through the porous outer
cartridge housing, ii) flow through the second filter layer, iii) flow through the porous
spacer layer, iv) followed by the liquid flowing flow through the first filter layer, v) into the
core, and vi) exit the filtration device through the open outlet in the bottom open endcap.
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