WO 03/ 028845 PCT/ US02/ 30495 FILTER ELEVMENT AND FI LTER DEVI CE HAVI NG
REPLACEABLE FI LTER RELATED APPLI CATI ONS Thi s application clainms the benefit
of U S. apploasisdn serial No. 09/968,225 filed October PCTAGOA3@Atit] ed
"Filter Element And Filter Device Having Replaceable Filter". This
application is related to co-pending application 5 Japanese Seri al

No. 2001- 216452, filed July 17, 2001 under Applicants' reference nunber
200100287 (formerly MYKP-615). BACKGROUND OF THE | NVENTI ON The present

invention relates to a filter cartridge which is suitable for 10 filtering
liquid and gas.FEBP%QEH@@WE&PE%F§¥E3h&EBFE§€ﬁFN$ﬁ?@ﬁ%ﬁ%ﬁﬂ$éﬂ%@%% to a

filter cartridge for filtering a liquid agent containing | arge anounts of
various foreign matters, such aRERTEAMABFEICATION®r gani ¢ rel ease agent used
on a substrate for electronic parts (e.g. a sem conductor wafer and a

gl ass  sgpst %géﬁcfaefo 141041 heClEd cfaYIsC elpp fcdtiianRi-1 4l KB 4, 225
phot or esi st 15 a glass substrate of a liquid crystal device; a slurry
for a chemplocanskr NEChapi calriabs@sirantaevileeentmhdotrtigter ingticks Hisddgi n
general industry. Two different and specific basic cartridges generally
used f or Réplakeshleg Fijier" andhils qappdicatéon depelatedl tecofpaphias eppaijareby a
roll type filter) and a nenbrane filter (usually a pleated filter) .

Today5 r dipenesp e SereigiLh Noj 2QQ-31643d 201 eshbTdiie 1 | et eHElTe APRSEFFR a

separate housing are used in tandemto al a desired purification
ovel - | FOORBRR LB SUVOABRT | T o187 213814, & Tilter
cartridge is proposed that has a filter body conprising: a depth filter
cont ai ni ng non-woven fiber nmass in the formof either roll or seanl ess

fiber cyhdpgemp dpo0na: plaaiedyscreen filter or a surface filter that can
be encased 25 in the sanme housing with the depth filter. However, there are

still denhddscesbed ienehiiaat ralkgeoftd id tfelised kattcidye attiighnis pedidble for
properties, such as increasing throughput and renoving netal ions. By
sepanat elfyliproug dicggid did gas. \NOTO 3ORB88ABT PCTHYSOREZ04 JiFvention relates to

a filter cartridge for filtering a liquid agent containing large amounts of

various foreign matters, such as an amine-type organic release agent used on

a substrate for electronic parts (e.g. a semiconductor wafer and a glass

substrate for a liquid crystal device); a pigment-dispersion photoresist for

15 a glass substrate of a liquid crystal device; a slurry for a chemical and
mechanical abrasion device; and other liquids used in general industry.

Two different and specific basic cartridges generally used for filtering gas

and liquid are a depth filter (representatively a roll type filter) and a

menbrane filter (usually a pleated filter). Today, roll type depth filters and

20 membrane filters each encased in a separate housing are used in tandem to attain

a desired purification level. In Japanese Patent Application Kokai No. 7-213814,

_ a filter cartridge is proposed that has a filter body comprising: a depth filter

containing non-woven fiber mass in the form of either roll or seamless fiber

cylinder; and a pleated screen filter or a surface filter that can be encased

25  in the same housing with the depth filter. However, there are still demands

for combinations of filters that can attain specific properties, such as

increasing throughput and removing metal ions. By separately providing filters



each as a unit that can be conbined to each other, production cost can al so
be reduced. Figs. 1 and 2 show a conventional filter cartridge disclosed
in Japaneso oPatssmi  Application Kokai No. 7-213814. A car Pcirdigpe2/i@ddhas a
depth filter 16 having 5 an exposed outer surface 12, in the formof rol
or seam ess fiber cylinder; a pleated_-sprface filter or screen filter 18
concentrically arranged in vm'thi n the depth filter; a core 20 supporti ng

t he |nner urfac f .the su filter vveII as. havi n of
hol es 23°H ‘&u% (Srst e g%kéufefiu’f de% Foih aW| n £’e
filtrate f44 (liquid or gas) fromthe core 20. Thetop 10 end of the

depth flﬂer 6 and that of the surface filter 18 are sealed. The top end
of the fiideer: ead bridge: déhvicht LoRR! Al ely csaaliage Wiidloded af Jifanddpaiteht S
use, the filter cartridge 10 is inserted into a housing 21 of a filter

devi ce, Apsldchiigm Kekaight. y-2i38ed. t @ ¢heriddd 1ofhashe deptsifiifgter a6ahaviingad
means and/or an Oring provided around the fluid outlet 14. 15 A fluid

(1iquid @ egaeded oulsy parferpakd,i £ itherisanceld robt WEereahesth diketh §yirdgnd
the cartridge 10, andtheflwd fpgrface 2to [ ds

ass romthe outer
the 1 st BEGH= RE gep I 1 peeclins ER e PRrRtgeL

of t ho o, Sy HLftel; 3'Bomin ot S5 TL SnnBE SRRME N Pt %st“ffi
20 In thes abqye et iARgd ﬁ&&%r'éf me%fbwef%iciga%ey Lhe=SFrRlkE &e@gt the

filter located upstreamhas relatively |large pore diraneter, while the

filter |of@&bedvitd@vwshd eam ltastd Elaid Velgniaread glaaslT)OfﬂmdtlﬁTEbﬁ 20 a- TheOEder to
increase the level of purification and to elongate the life of the filter.

Hovever , enchef atisvdeprbntilored.é sel that efsther ewifatedriatey 18 gmestkaledbe The
single 25 filter elenment, and have disadvant agles in that various possible
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shorter
an O-ring provided around the fluid ocutlet 14.

18

15 A fluid (ligquid or gas) to be purified is introduced between the housing 21 and
the cartridge 10, and the fluid passes from the outer surface 12 towards the
inside of the depth filter 16, and then through the surface filter 18. The
purified £luid flows out to the central passage through the holes 23 of the core
20, and is withdrawn as a filtrate from the fluid outlet 14.

20 TIn the above-mentioned case in which two different filters are used, the filter
located upstream has relatively large pore diameter, while the filter located
downstream has relatively small pore diameter, in order to increase the level
of purification and to elongate the life of the filter.

However, the above-mentioned two filters are integrally formed to be a single

25 filter element, and have disadvantages in that various possible filter
combinations should be prepared that satisfy various purposes. In addition,
the upstream filter is contaminated faster as compared with the downstream
filter, and thus even when the downstream filter is not contaminated, the filter
element carmot be used anymore, because of the shorter life of the upstream

30 filter.



WO 03/ 028845 PCT/ US02/ 30495 3 Therefore, the object of the present
invention is to provide a filter cartridge coaprising an upstreamfilter
unit and wodomessgs eam filter unit, wherein both wunits camrChasoysdavhed to
each other so that the upstreamfilter |ocates between the downstream
filter and the housing to forma cartriglge and the conbination 5 can be
properly sel ected depending on the purpose such as the renoval of net aI

ions and_can_el ongate the filter life. Th res |nv nt i rOV|de

filter e%ﬁ?recoﬂ?ﬁ&%q ; T i (Wiv%% § flol?E ‘?fatré
downstre bl

result, %&Fé@@@§£%m12§%%§@é H%DJ%I% ongat e % % atta| n| ng
the requigied Rihd E&fbihey @b cadNbther addinhi Ahe @&éaﬁlrflrmaia%cﬁes_ﬁét%@ﬁs i's
required in order to obtain the sane anount of filtrate as that in the
case of thedowresin ahiderf atd ehe hbheirpr s €otm Bneeatt-idye ahd ahe rovMbidesian
filter elenment conprising an upstream filter and a downstreamfilter, each
of wh chcarsbpropeedly sleteddeprngarglcnghenBurpase Fects pedheiemgrrlpes estat rom

the stork of various filters eéected to be used in various applications.
The upst EEENFRE (CBBr HRBALE Bee fdptetcddbte, although it may be integrally

f or med a part of a |sposa I VIC . _necess Spec |caIIy
st at ed,a?lfﬁep%“%& (%'e g&iteér? ca‘%nésﬁflgcar%ﬁrs]?tngmof{)

upstrea 'Ij%gﬁ Q_Q%\/rg t e ak . dQynstee fcéi,tfé has
a rreansmfl%ért I Xi ng to a housi ng, Eaéagl g%}t u%@%%égmlt%lter I'S flxabl eto

said doywgsheeailel i Ad ehe Foa(8€, tthe 3aFdloh eHs UBGistassh i Tl tieleld0)Hte8 while
containing said filter el ement fixed to the housi ng. In one enbodi nent,

t he downsttedaind ithberedidsed furisted Areeld padtin additive, hewsliley n@kehast a
second thread part which engages with the first thread part. In another
enbodi meftlterfdsdesdsredam C?lidleréio pletaiint tdgr aameyamiieef fiiFaEa@s Hbsihg.

In still another enbodi ment, ulostreamfl lter is fixed to the downstream
the case of the conventlo filter.

The present invention also provides a filter element comprising an upstream

filter and a downstream filter, each of which is properly selected depending
15 on the specific purposes, from the stock of various filters expected to be used

in various applicationg. The upstream filter should be replaceable, although

it may be integrally formed as a part of a disposable filter device, if

necessary.

Specifically stated, the preset invention provides a filter element comprising
20 an upstream filter and a downstream filter, wherein said downstream filter has

a means for fixing to a housing, and said upstream filter is fixable to said

downstream filter fixed to said housing; and a filter device containing said

filter element fixed to the housing.

In one embodiment, the downstream filter has a first thread part, and the housing
25 has a second thread part which engages with the first thread part.

In another embodiment, the downstream filter is integrally formed with the

housing.

In still ancother embodiment, the upstream filter is fixed to the downstream

filter via fitting.

30 Preferably, the upstream filter and the downstream filter are in the form of



filter via fitting. 30 Preferably, the upstreamfilter and the downstream
filter are in the formof WO 03/028845 PCT/ US02/ 30495 4 cylinder and so
arranged wbab/ozuses nests in the other. The -upstream and deoemdisoramsilters
may have the sane or different filter menbrane selected fromthe group
consisting of a pleated type, roll typesor seanless fiber cylinder type
depth filter containing nonwoven fiber mass; and 5 a porous foam holl ow

fi ber or eat ed nbrane filter. Aroll type filter may conprise various
ki nds of JID%SJF ﬁ%%ﬁ%d@&g%ﬁ@?,st%r% eOlr-‘%ﬁn{' type filter may al so

have a d%&éi@g;&&ﬁ%ﬁatd@&e&é&ﬂﬂ%f&& SLvEBhD SR MRITREErSehecEAGtr om

a set of which set 1Is different froma set fromwhich a nenber is

sel ect edmaforand PaNstrRR M thergroup CedhBesfihgsenta platrbi Bipedl SA11pe@s des a
filter device containing the above-nentioned filter elenment. The upstream
filter ceeafiebsedsber mylheleoridee dapgh fiidsed epntanpoy ocoswivenefibsuppest and
cylinder nmade of resin (core), and a filter bo%y in the formof sheet

rol | edl ameudas £emn, clapldow fibae cssignted madrage Sitearm A 1eldr togr fidéer may
conprises an outer 1-5 support _cylinder, made of resi sl eev or
al t er nat P8I &P H%FBE Ve éﬁi/teéfu dgoeltlﬁg ’F‘?qettg?l('bﬁﬁa ﬁzﬁn&"]r]o;}_y@age

and the ch) ge(])_,mmae}g sé)fha'{rgea aglggj;t&e di&!:é.t er are sealed with resin caps. On
t he ot her~hand, “t he downstream frlter conprises, in the order from i nside,

a por Ousw%gétﬂaﬂpﬁﬂtefwaws@a efBEL el &oteldl £2n Hody ssUEInundi Reikeetsor e,
and 20 a porous outer support cylinder (sleeve) or alternatively a net,

whi ch supperiEsertche fRuher ssUFfacehich 4 herfdd iepehmtyd ashedbaptedge et he
bottom edge of the downstreamfilter are sealed with resin caps. The
conbiimat fbe @lesdrict etrsvenhitn cebgy | pesvithe fai | fEitepodieviem lvenprigpey | yhe
sel ect ed depending on the purpose. The upstreamfilter has a filter body
25 conpr Pepyegrentieed ddlEsthelemssitt type or seanl ess fiber cylinder type

depth 1l el eSOt 0g NG 10E N LReL, 0B 8P iR PO 23l QAL BQIS2¥
cylinder made of resin (core), and a filter body in the form of sheet rolled
around the core. If necessary, the upstream filter further comprises an outer
15 support cylinder made of resin (sleeve) or altermatively a resin net, which
surrounds the filter body. The top edge and the bottom edge of the upstream
filter are sealed with resin caps.
On the other hand, the downstream filter comprises, in the order from inside,
a porous immer support cylinder (core), a filter body surrounding the core, and
20 a porous outer support cylinder (sleeve) or alternatively a net, which supports
the outer surface of the filter body. The top edge and the bottom edge of the
downstream filter are sealed with resin caps.
The combination of filters that comprises the filter body can be properly
selected depending on the purpose. The upstream filter has a filter body
25 comprising a pleated type, roll type or seamless fiber cylinder type depth
filter containing non-woven fiber mass; and a porous foam, hollow fiber or
pleated membrane filter. The upstream filter locates upstream the downstream
filter in the housing, and it may not be mechanically caombined with a downstream
cartridge, although it is preferred that both ends of the upstream filter be
30 sealed with caps having the structure which can be mechanically and



pl eated nenbrane filter. The upstreamfilter |ocates -upstreamthe
downstream filter in the housing, and it may not be nechanical ly ca-abi ned
with a dowotosezssus cartridge, although it is prefer-red thacThsotizeptls of
the upstreamfilter be 30 sealed with caps having the structure which can
be mechanically and WO 03/028845 PCT/ US2/30495 5 liquid-tightly conbined
with the dowmnstream cartridge. The downstreamfilter is a filter cartridge

havi ng a}{&u%égéj?%gg%gg r: Sxilenf% %hepajo%ét%%a&lycpa%tr{ eI type or seamnl ess

fiber cy er contarning non-woven fiber mass; and a

porous feamyfollow, i Pel- 9 PkeakedHRPNRANSfibhLE 1

downstream ftilter 1s sealed wth a cap, wiile the other end’is gesél edavm'th
a cap hapidagied thpeli dolintgde OF sartlleds dibett betlindEaehp® Beptheriaps dryaitiag
conbined with the upstreamfilter via a twist-lock, an Oring, and/or a

t hread. nddowevar filcr maepg; @Ot anewess doam,yhdld ow dibén ed pldedmetrbrars §ilter. t he
filter body used for the upstream and downstreamfilters 10 can be

sel ect edORs 6RF tHF0Ee Redwirrean Chttesr 1S SEREfHIVER Rrearuddipe soPiisromd éfe) |
PI TE I traf hy| , . UBMAPE (ul - hi I I i ght
ool yot hyPEHESt pb % ot PRVHS St RERE Phghe BErgt pol i fly FEmED® PRk

| yet h : ._PVDE [ i i
col | U oot S ERRO i B Pl B SR e e B O B0 ) b,
cylinder godrepf itheappsteamsandigownstngaayfilters are made of rigid

resin. When a net is used instead of the support cylinder, it can be nade

of the sgmemnstdrebidlfor Hhe fillepr abdy hodd @6t chpSpiByedicanddbtigttamntOftersng
or di sk, depending on the position at which they are used. They are fused
by heat wartlbe sbkedrep foom bladseomordde the art heExeapl emirdude PHJpokerepyisosed of
the inner and outer cylinders (or parts of 20 the net) and the filter_ body.
The mat ePTE f Gelytrbrabiorpetisfieneise| SEVERE f r BT HESR KMOWHTUS t Heelght |

Fol | owi nEOL R e 28 “p hEEP B hen o e D ARt o PR BAIP) an P2
upstreamcfisl L8 And FHAYMSLIREM polyester, PVDF (polyvinylidene fluoride),
cellulose and SUS (stainless steel). The inside and ocutside support cylinders

15 of the upstream and downstream filters are made of rigid resin. When a net is

used instead of the support cylinder, it can be made of the same material. The

top and bottom caps may be in the form of ring or disk, depending on the position

at which they are used. They are fused by heat with the top or bottom edge of

the laminated stxructure composed of the immer and cuter cylinders (or parts of

20 the net) and the filter body. The material for the caps is also selected from

those krnown in the art.

EXAMPLE

The present invention will be explained in detail in the following. The term
25 “filter element” means the combination of an upstream filter and a downstream

filter; the term “filter device” means a device in which a filter element is

installed into a housing to form a usable device, the term “upstream” means the

relative position with respect to the gas or liquid flow (feed) to be purified.

As will be described below, a part of the feed can be led directly into the
30 downstream filter, depending on the required cleanliness for the purpose.



filter; the term"filter device,, neans a device in which a filter el enent
is installed into a housing to forma usabl e device, the term "upstreant
means t hewoOroalzdsivye position with respect to the gas or | ipquiusot/boaes (feed)
to be purified. As will be described below, a part of the feed can be |ed
directly into the 30 downstreamfilter,s depending on the required
cleanliness for the purpose. WO 03/028845 PCT/US02/ 30495 6 Exanple |

Figs. 3 - 6 illustrate the filter elenment and the filter device according
to Exanple 1 of the present invention. In the descriptions of the figures,
the 5t 1e HOP" and "bottont are used for the sake of convenience, and
the axis I'iThe "can be set to an arbitrary direction, such as the hori zontal

directi ofigsFig.- 8 3ho¥SRlHld e111deVvitaed? s0f tHRerIresedivita \weabidingi to

which a filter element 3 0 (see Fig. 6) of the present invention is

i nst al - |Bgnple g. ofl thhgwsesanipansgeadbny e Invilewdedcraptigost ofe &he fiipters, 3dhe Fi g.

5 shows a perspective view of an downstream 10 filter 36, and Fig, 6 shows

a fil% ertazimerieap” end Whottiont reremsse foaraheiseke of 3prvericpge t pEd Fhe PR LY

into the downstreamfilter 36. Referring to Figs. 3 and 4, jhe upstream
BHER @ e

filter 3PMES Setf TP E8r TRIFFB8 LEHHiprits &5 1537 FHPFEPpe or
seam ess_fiher. cylinder type t filter. ¢ (MalNe i her mss;
and a p(s)}FJé?iJg3 ﬁ%’é\a %%%\#ﬁcgg&o%$%prﬁsgg¥é§\%ﬁ§%§fggﬁe él}}l\%é?ﬂ:ek:éli of these
filter [ MO0 SRRl dn is 2AGt18 de8g! LRbbARa gaRshetiruNd,
for exa;rpb%?g?éﬁy%%?r@ cgbove- rrglre\% oned rer%ésr’ences. Theéupst rea?n filter 34 is

| ocat ed wiRstseamupbridn Hawes by panyf il deis isnpdhpectionsiiey, ofant dbinstRgann ot

be liquid-tightly conbined with the downstreamfilter (i.e. bypassing nmay
occuro whiidheal Icowenca Figald slaomsuatfidfer ledapentoin iwhidlh gheru20rga Efitext3%n is
required, it can be liquid-tightly conbined with the downstream filter 36
(i.e. ths @arsiaddy bisaseed dnehshadclgwssteam FiteB36- The figures illustrate

annul ar cap 40SHEHBISI Cp B3P, ° 4 1 bOPEO LS SSaPEC (TN ar
cap * IBde; Of F 811k L8GJANBL1TUEFRE B OfediBaE AALE2 HATdtR - LIBEN ONS
filter containing nonwoven fiber mass; and a porous foam, hollow fiber or
15 pleated membrane filter. All of these filter body types are known in the art,
and the description canbe found, for example, in the above-mentioned references.
The upstream filter 34 is located upstream of the downstream filter in the
housing, and it may not be liquid-tightly combined with the downstream filter
(i.e. bypassing may occur which allows a small amount of flow), or if higher
20 purification is required, it canbe liquid-tightly combined with the downstream
filter 36 (i.e. there is no bypass to the downstream filter). The figures
illustrate the former, and the top end of the filter body 38 is sealed with an
armular cap 44 made of resin, and the bottom end is sealed with an anmular cap
42 made of resin. The immer surface of the cap 42 has two projections 46 at
25 diametrically opposite positions for fixing the upstream filter 34 to the
downstream filter 36. If the bypass of the feed to the downstream filter 36
is required to be blocked, the top and bottom ends of the caps 42 and 44 are
sealed using O-rings.
Along the inside and/or the outside of the filter body 38 in the formof cylinder,

30 porous support cylinder or cylinders made of rigid resin can be placed, and the



25 dianetrically cpposite positions for fixing the upstreamfilter 34 to
the downstreamfilter 36. If the bypass of the feed to the downstream
filter 36woiog/oessatii red to be bl ocked, the top and bottom @cddasoi/3ube caps
42 and 44 are sealed using Orings. Along the inside and/or the outside of
the filter body 38 in the formof cylinder, 30 porous sL~pport cylinder or
cylinders nade of rigid resin can be placed, and the WD 03/028845

PCT/ US02/ 3049 71 d the b d i | | i_ned h
caps. 42 thQH £ BB R 5o tie TFOHPLLY GORPIRH St Ath CSRbar frdytimder
43 1 ocatedolisids, A% tRskiealdold of %gg%%ﬁwlmlgag Bcdhdh nsidie

downstrea ter’’36°1s a ter cartr ng” 5 afilter body 48
conpri sigpg GRhest editepe, roll type or seanless fiber cylinder type depth
filter containing non-woven fiber mass; and a porous foam hollow fiber or
pl eat ed regerbiman® Fidst arandBetheofiowentrdanefidoér B6 iseafiddtenichhtrdiga beredrar

cap 52, and the bottomend is sealed with a cap 50. Each of the caps may be
ccnbisned filthridedy dgstompuiaifgatleabsd Festhsraifl twpewirsteamdess THRr GV ipgY
and/or 10 a thread. However, depending on the required de ree% of

puri i cdVPBriePtRELLERY CORRITHEY TR "R ORAMASSY | 3D Mt PIYePREYand

the upstreamfilter 34 .ma el over th o] tre fhlt g at
| east t ﬁgrplg?'ﬁ%?%@‘bl?%%gﬁt[e%rE%%gﬁpﬁ‘ggggn%%%%tlﬁe%grlen%kﬁﬁag ang he
outer side, c4ig PR I Wifiaul aonuEher 2f rid Bl abpme
hol es 56 ss%’r%{\}(?é%%. Inb?nheﬁlmél %%@%%Jﬁé%i rrent,g%l ong both surfac%gg of§)t he
filter Regwidd witterhd GbsrRuheri1s&ppReans )it AdatisOdoaRd ahh® rihg) dnd orer
support cylinder 62 are provided, and the top and bottom ends of the

cyl i nderss thread.nt egwaldry demdniineyl dno théerecmps=db Zegrae ©F, puridsemuthvethe on
the cap 52, a filtrate outlet 60 is fornmed having an Oring for,

ai r-ti ghtilyers may qotdos mgeemically agriined dogpdierednd £ie ettt Rd RS ng
20 70 (Fig. 3). The outlet is connected tot i nside_of .the irnmer. .support
cyl i nder™aYeRere il FVRE R é‘?"@ﬁ&@ea& %ﬁﬁ?lc%ﬁy 50 s 308‘3?% 158k G5 Sves

58, eac {:heOf fm&hbody 48 among the immer side and the outer side, rigid support

cylinder(s) having a mmber of circulatory holes 56 is provided. In this
15 embodiment, along both surfaces of the filter body 48, the rigid outer support
cylinder 54 and the rigid imner support cylinder 62 are provided, and the top
and bottom ends of the cylinders are integrally combined to the caps 52 and 50,
respectively. On the cap 52, a filtrate outlet 60 is formed having an O-ring
for air-tightly or liquid-tightly fixing the downstream filter to the housing
20 70 (Fig. 3). The outlet is comnected to the inside of the immer support cylinder
62.
The circumference of the cap 50 has two twist-lock grooves 58, each of which
accommodates the projection 46 of the upstream filter 34. The introduction part
of each of the twist-lock grooves has a wide opening which accepts the projection
25 46 in the direction of the axis, and a locking groove 64 connected to the ocpening
is formed, which locks the projection 46 when the upstream filter is rotated.
In Fig. 6, the immer downstream filter 36 is in the middle of the insertion into
the outer upstream filter 34. These two filters constitute a filter element
30. They are installed into the predetermined position, and the projections

30 46 of the upstream filter 34 are inserted into the twist-lock grooves 58 of the



accomodat es the projection 46 of the upstreamfilter 34. The introduction
part of each of the twist- |ock grooves has a wi de opening which accepts

t he proj ewDI0o10288%5 46 in the direction of the axis, and a [PaERiSay3gpHOVe 64
connected. to the opening is formed, which | ocks the projection 46 when
the upstreamfilter is rotated. In Fig 6, the inner dowmstreamfilter: 36
isinthe mddle of the insertion into the outer upstreamfilter 34. These

two filters constitute filter elenen . e NS | i .1 he

pr edet er%“ﬁ?ﬁr%@sﬁ#%,%anﬂ ﬁ%e p %reeg%if&ﬁgaéggfé %?gttﬁg’ Lt%’!g’f%a%ﬁa%f%gr 34
are ins e : 184 - HRC K- G5 A t 4B it
PCT/USOS?%bgagﬂkguggﬁﬁé?@%%&?%ﬁIter g , and ?%é g%g¥%zgﬁ$§$§ter 3%K?gln

rot at ed, witihanehy Neae a6 cédiansd af atkbid@rsrditheigosi tie. | erddgrgigr bavesl 64.
Fig. 3 shows a condition in which both filters are conbined at the

det er m nagstpbEtibon thExpeptearhéilicar Biand thesdairsaréam{ilithe Afpate zepebedt er
34 and the downstream filter 36 are rﬁglaced s by the fresh ones at the

wor k i tley sheffinesh stiesrat shel ok wipstoledid frarier, gud the wskepan £olisy 34
repl aced, nore frequently as conpared with the downstreamfilter 36. Figs.
7 hna 6 i RYeva o e BB AR St 4 P g irap g Lest

domnstre§§1filter 36. In this enbodi nent, the-upstreamfilter 34 conprises,
10 in the 'order fromthe inside, an inner support cylinder 43 having pores
45 and apfQl | 7t ype of i1 180 hadyn38hawineht ICReLRORB8erdRl ESTtear ounthd BRe

i nner support cylinder 43. The downstreamfilter 36 conprises, in the
order fr@amhednsider 3@N IMhBis SHpddidenty [dhadgist6Enhaviteg holesphiesa

pl eated type filter body 48 surrounding the inner support cylinder 62, and
an ouwd er irs thp @rtiex from dbe Saside, haw iingen suars 5y1du@gotd haginchpowns: 4y and
surface of the pleated filter body 48. various_constructions of filter

bodi es carrobé Hpefeiisr bere8daviag fenainmgeon ot side HIE PR
Fig. 3, t ing.70.h hoysi w71 wherejn the t d .t hereof
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surrounding the immer support cylinder 62, and an outer support cylinder 54

15  having pores 55, supporting the outer surface of the pleated filter body 48.
Various constructions of filter bodies can be properly selected, depending on
the purpose.

As shown in Fig. 3, the housing 70 has a housing bowl 71 wherein the top end
thereof is opened and the bottom end thereof is closed except a drain outlet

20 80. The top end of the housing can be air-tightly or liqt;id—tightiy engaged
to a round wall of a housing head 74 via an O-ring. The cuter surface of the
round wall of the housing head 74 has an external thread, to which an internal
thread of a fastening ring 72 is engaged. When the fastening ring is loosened
and the housing bowl 71 is removed, the upstream filter 34 and the downstream

25 filter 36 become accessible for replacing by fresh ones.

Referring to Fig. 3, the feed flows from the inlet 76 of the housing head 74
to the space between the upstream filter 34 and the housing bowl 71, and then
passes through the filter body 38. The unfiltered portion of the feed flows
to the bottom of the housing bowl 71 and is discharged from the drain cutlet
30 80 as a drain flow. In this case, a portion of the feed may be bypassed and



to a round wall of a housing head 74 via an Oring. The outer surface of
the round wall of the housing head 74 has an external thread, to which an
i nt ernal wohpess4Hf a fastening ring 72 is engaged. \When rhe/dsaysm@ns ng ri ng
is |loosened and the housing bowl 71 is renoved, the -upstreamfilter 34
and the downstream 25 filter 36 beconesaccessible for replacing by fresh
ones. Referring to Fig. 3, the feed flows fromthe inlet 76 of the housing
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71 and TR AeRORCE AR ou B RS PRATL 34 5 Bl B B0y 06 AEHBLAB0
the feedyfoms 1ig-tie Betiemoft ke DQUSIROLDEM el Shdlinsthar @88 from

the drain outlet 30 80 as a drain flow.  In this case, a portion of the feed
my be bypassesh,anddWerQad&d 28845 RCH: USp2/ 80498 58 fihowsledi teetrbyerar ebad
the downstream filter 34, but depending on the purpose, this is allowable.
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been clogged, the flowis paused and the housing bow 71 is renoved to
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repl acenent of the filte the housing_ 70 and the housjng head 74 are

r
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70 and the housing head 74 are engaged together via an O-ring, and the internal

15 thread of the fastening ring 72 is screwed into the extermal thread of the
housing head 74, thereby allowing the cpposite end of the fastening ring to urge

the housing against the edge of the housing head 74.
Experiments were carried out using the filter element and the filter
device of this embodiment. As a filter body of the upstream filter, a
20 five-layered roll filter cbtained by rolling up a non-woven sheet made of PP
(polypropylene), having a film thickness of 380 um, and weight of 110 g/m? and
the air-permeability of 0.36 sec was used, and as the filter body of the
downstream filter, Microgard Plus (10 inch, the pore diameter of 0.05 um,
marufactured by Mykrolis Corporation) in which a membrane made of 0.05 pm UHMWPE
25 (ultra-high molecular weight polyethylene) was used. As a testing fluid, water
containing 500 ppm of AC fine test dust was used. The filtration was conducted
at the pressure difference of 55 kPa. The lowering of the filtration performance
of the upstream filter due to the clogging was measured, and immediately before
the clogging, the operation was paused. The upstream filter was replaced by
30 fresh one, and the operation was resumed. The result is shown in Fig. 9. The



device of this enbodinment. As a filter body of the upstreamfilter, a 20
five-layered roll filter obtained by rolling up a non-wven sheet made of
PP (pol ypwopglessey, having a fil mthickness of 380 pm an@Chaisghisoses 110
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effective. in_addition,,the present__invention is advantageous in that, by
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present Ve Kk9Ads of upstream filters 34 and downstream filters 36 and combining

15 those, various filter element can be obtained depending on the purpose.
Various modifications can be made in the scope of the present invention.
In the embodiment of the present invention, the upstream filter 34 is placed
outside the downstream filter 36. However, modification can be made by properly
changing the flow route and the downstrearﬁ filter may be placed outside the
20 Uupstream filter.
In the embodiment of the present invention, an O-ring is provided on the cutlet
60 of the downstream filter 36, for fixing the downstream filter to the housing.
However, the downstream filter can be cormected using only the O-ring. In this
case, it is simply a tight-fit. Depending on the situation, the downstream
25 filter can be integrally formed with the housing. In this case, the downstream
filter is disposable.
Further in the embodiment, the upstream filter is loosely commected with the
downstream filter, and bypassing to the downstream filter may occur, though the
amount is small. To block the bypass, a disk-shape cap can be used to seal the

30 bottom end of the upstream filter 34, instead of the ammular cap 42, or O-rings



In the enbodi nent of the present invention, the upstreamfilter 34 is

pl aced outside the downstreamfilter 36. However, nodification can be made
by properwg o3otesmyyi ng the fl ow route and the downstream f PCTarsods@ys be

pl aced outside the 20 -upstreamfilter. In the enbodi nent of the present
invention, an Oring is provided on thegoutlet 60 of the downstreamfilter
36, for fixing the dowmmstreamfilter to the housing. However, the
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dependi ng on the purpose. th filters can be fixed to the sane sealing
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di sposabl e type. However, a conbination of the upstreamfilter and the
downst r eambriy setectedpepemiing e the pgrosel adrédr pypvides ashvesieasiesi By ERt on
is 10 properly sel ected depending on the purpose, which provides advantages
in that varapusUsnksnes BLLEr | 4 Ca e eag s i952 s IRYRETSd Cﬁﬂrlﬁ%s%tt@ﬁﬂe‘%e
attained effectively. By using the filter elenment and the filter device
havi ng tPdesbbFY nent i oned features, | ong-term usage of the downstream

filter DEcOUES, PRSSBLE KGR JePrd 31EaNCLHRORNIRLEWY binRbRentioned
convent 1'on usit ng. n aaartron, a group o t he
features, long-term usage of the downstream filter becomes possible, which has
15 been impossible with one corventional housing. In addition, a group of the
upstream filter and a group of the downstream filter is prepared and, two filters
each selected from different group are used in combination. As a result, a user
or an installer of the filter can properly select the filter combination and
the filter can be replaced at any time.
20 It is also possible to render additional property to an upstream filter, such

as ion removing ability.

BRIEF DESCRIPTTION OF THE DRAWINGS

Fig. 1 shows a partial cross-section of a filter device having a conventional
25 filter element.

Fig. 2 shows a specific phase diagram showing a conventional filter device

having a conventional filter element.

Fig. 3 shows a longitudinal section of a filter device into which a filter

element of the present invention is fixed.

30 Fig. 4 shows a perspective view of the upstream filter that is a component of



upstreamfilter and a group of the downstreamfilter is prepared and, two
filters each selected fromdifferent group are used in conbination. As a
result, awo038/0288¢5 an installer of the filter can proper| yCyaiSezso4vhe

filter conbination and the filter can be replaced at any tinme. 20 It is
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filtrate 1n the case of the filter device of the present invention.
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present invention.

Descriptions for mumerals

30 filter element
15 32 filter device

34 upstream filter

36 downstream filter

38 filter body

40 housing
20 42, 44 cap

46 projection

48 filter body

50, 52 cap

54, 62 support cylinder
25 56 circulatory hole

60 outlet

58 twist-lock groove

64 grommet groove



34 'upstreamfilter 3G downstreamfilter 38 filter body 40 housing 20
42, 44 cap 46 projection 48 filter body 50, 52 cap 54, 62 support

cyl i nder wP93888e3 r cul atory hole GO outlet 58 tw st-1|ock @Coase230@s gr onmet
groove WD 03/028845 PCT/ US02/ 30495 -13- CTIA=1 . Afilter elenent
ccirprising an upstreamfilter and a dgswmstreamfilter, wherein said
downstream filter has a neans for fixing to a housing, and said upstream
filter i achably fixable to said downstreamfilter fixed to said
housing.~2. The filter elenment according to claim1, wherein said neans for

fixing pf the dopnstaieamd bbiRhisiey saugsheuni Mgthasnd al dfestkeandiotenn
Oring. 3. The f ilter elenent according to claiml1 or 2, wherein said
downst r eamrefn lshed dosndtiveagrilltyr hiaxed mbanss fod fiwinsg g, a houding, férid eaid

el ement according to any one of clains 1 to 3, wherein said _upstream
filter iwstoeseEyltertis dgeadmeblynfitelyei & goicthdowmsinean Cikier Sixefnio 6314 er
el ement according to any one of clainms 1 to 4, wherein said upstream
filter iROUSEEAH d-tightly fixed to said downstreamfilter. 6. The filter

ol ement gecor o, oot 0ne. o Chal IhoTabl . WIGLEl R Rgoab B an.al; oai
of the downstream filter to said housing has a thread and/or an O-ring.
3. The filter element according to claim 1 or 2, wherein said downstream
filter is integrally fixed to said housing.
4. The filter element according to any cne of claims 1 to 3, wherein said
upstream filter is loosely fit together with said downstream filter.
5. The filter element according to any one of claims 1 to 4, wherein said
upstream filter is liquid-tightly fixed to said downstream filter.
6. The filter element according to amy cne of claims 1 to 5, wherein the
top cap of said upstream filter and the top cap of said downstream filter have
means for connecting to each other.
7. The filter element according to claim 6, wherein said means for
comecting is a twist-lock means.
8. The filter element according to amy one of claims 1 to 7, wherein said
upstream filter and said downstream filter are in the form of cylinder and
arranged so that one nests in the other.
9. The filter element according to any one of claims 1 to 8, wherein said
upstream and downstream filters have the same or different filter membrane
selected from the group consisting of a pleated type, roll type or seamless fiber
cylinder type depth filter containing non-woven fiber mass; and a porous foam,
hollow fiber or pleated membrane filter.
10. The filter element according to any one of claims 1 to 9, wherein each
of said upstream filter and downstream filter is selected respectively from
different sets of filters.

11. A filter device containing the filter element according to amy one of



means for cc=cting to each other. 7. The filter elenent according to claim
6, wherein said neans for connecting is a twist-lock neans. 8. The filter
el enent awomB@28sgst o any one of clains 1 to 7, wherein saPET/Usp¥sresnm
filter and said dowmstream filter are in the formof cylinder and arranged
so that one nests an the other. 9. The.jzi.lter el enent according to any one
of clains 1 to 8 wherein said upstreamand downstreamfilters have the

same or different filter nme EQ& r i.St.4N f a
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pl eated nmenbrane filter. 10. The filter elenent according to any one of

claims 110 9, avdiepeidbleail tepfdevade hitpiiy @araphtidaer £ndr dovins tdoenstdeaint er
is selected respectively fran different sets of filters. 11. A filter
devi ce cdnttaEmingatdldyf fixedrineh dwusinga cberdimgatto of wpid npstreandidsen 28645
PCT/ US02/ 30495 -14 claim 1l _to 10, wherein said downstreamfilter is
fixabl e Sowmsirerhdibieryisamectad gesrasstydantrn fafierent jsehpf FH16%Rd
downstream filter fixed to said housing - 12. A disposable filter device
havi ng an upstreamfilter and a dowmstream filter integrally fixed in a
housi ng, wherein each of said upstreamfilter and downstreamfilter is
sel ected respectively fromdifferent sets of filters.



