26 JUL 2006 -1 FILTER ELEMENT AND FILTER DEVICE HAVNG REPLACEABLE FILTER
RELATED APPLICATIONS This application claims the benefit of U.S. application serial No.
09/968,225 filed October 1, 2001 entitled "Filter Element And Filter Device Having Replaceable
Filter". This application is related to co-pending application s Japanese Serial No.2@08 ' 264 5206iled
July 17, 2001 under Applicants' reference number 200100287 (formerly MYKP-615). BACKGROUND
OF THE INVENTION The present invention relates t9 a.filter cartridge which is suitable for io filtering
liquid and gas. More patrticularly, the present invention relates to a filter cartridge for filtering a liquid

agent containing largeramnntsainvasiavs-iorsignypatter suspel asRrEIREH VPR gEganic 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-dispersiopghaiasesis ferkgaglass substrate of a liquid crystal
device; a slurry for a chemical and mechanical abrasion device; and other liquids used in general

industry. Tyg Jifferent. and,sRagiigDAgIc B&EHHQ%@%O@@%&‘EQ{%@?&H%%.%Q/B%%i‘%é‘ée a
depth filter (representatively a roll type filter) and a membrane filter (usually a pleated filter) . Today,
roll type deéptediltexstabelr? 0 marotraretitssde dth tnea sBlicneatsepatatel hossimpat ec Sedvimtandem
to attain a desired purification level. In Japanese Patent Application Kckai No. 7-213814, a filter

cartridge i§§® LA filteRBSIFRIHHSAG: o0 EpRFHE (e orRaRTTG RS PRRVERESR mass
in the ;ornbgg gig‘@ rq aaeei@l% i\bﬂ g End%ﬂ tfgl SCLeg filt%aéﬁ ilter,that
can be encased 25 in the same housgl'ng V?Iit% the dlef|c))ét%§j f?ﬂ%ﬁov&ever, %ere are still en%%%lggg for
combinatiarsatditer vihdicean@Eiiaoespe ¢itpeafreriegpsath)as increasing throughput and removing
metal ions. By separately providing filters 6 JUL 2006 2

BACKGRCUND OF THE INVENTION
The present invention relates to a filter cartridge which is suitable for
10 filtering liquid and gas. More particularly, the present invention 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
wembrane 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 £ilter 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 combined to each other, production cost can also be reduced. Figs. 1 and
2 show a conventional filter cartridge disclosed in Japanese Patent Application Kokai No. 7-213814. A
cartridge 10 has a depth filter 16 having S an exposed outer surface 12, in the form of roll or seamless
fiber cylinder; a pleated surface filter or screen filter 18 concentrically arranged in wighén Jthe 2epth
filter; a core 20 supporting the inner surface of the surface filter 18 as well as having a number of
holes 23 as fluid passages; and a fluid outlet 14 foraithdrawing a filtrate fluid (liquid or gas) from the
core 20. The top 10 end of the depth filter 16 and that of the surface filter 18 are sealed. The top end
of the filteTA&H g Fots Bthpfer HesEaibafthte G5 $BFon PRI 1t FHtEr CAdEe 20 is
inserted intgsa Rausing 21 of a f ilter device, and liquid-tightly fixed to the wall of the housing via a
thread means and/or an O-ring provided around the fluid outlet 14. Is A fluid (liquid or gas) to be
purified isFigeodlicedlbe thoe mtherkeusing=21 fAndeth escantiidge ddAnddtia fluidpassespiioanihe
outer surface 12 towards the inside of the depth filter 16, and then through the surface filter 18. The

Purified FRRPHGRSG0: ¥o%RAL Mehirki Padddge ot iEhdiRd2S &f BRPdorEi Bstand aihdrawn
as a Qirate.iopdbedlieonial id-20,) the angvedpeniionsshcasedowiich tna diffefntiiiers are

used, the filter located upstream has relatively large pore diameter, while the filter lo
downstreanplezsee ativeycentall pareodiametat, it lorden B inneeaseitts] By elofprdfitatdriand to
elongate the life of the filter. However, the above-mentioned two filters are integrally formed to be a

single 2ShRAREMELL t8h R 8ILARERIEE ther TaRsuSBeshefilter BBRBrRadhEShould
be prepargd that spfisfy yariads g%msom%g% %9%@8&5@3%@%@%8@%&&%%@%@ as

compared with the downstream filter, and thus even when the m filter is not contaminated,
the filter elementwtanneibieysed Hivystere hadauseol the:shagemitenotiaecapstream 186 filier. 2 8

JUL120006end of the depth filter 16 and that of the surface filter 18 are sealed. The
top end of the filter cartridge 10 is completely sealed with a cap 19. Upon
itsuse, the filter cartridge 10 is inserted into a housing 21 of a filter device,
and liquid-tightly fixed to the wall of the housing via a thread means and/or
an O-ring provided around the fluid ocutlet 14.

15 A fluid (liquid 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
pur.fied fluid 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 In 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
carbinations 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 cammot be used anymore, because of the shorter life of the upstream

30 filter.



Therefore, the object of the present invention is to provide a filter cartridge comprising an upstream
filter unit and a- downstream filter unit, wherein both units can be combined to each other so that the
upstream filter locates between the downstream filter and the housing to form a cartridge and the
combination 5 can be properly selected depending on the purpose such as the ren®8allof niegg | ions
and can elongate the filter life. The present invention pravides a filter element comprising a
combination of an upstream filter and a downstream filter, wherein the upstream filter is replaceable.

As the resul, the lfe.of fhe downstream fiter is slondated yihile-3:0 atiainino Ine, feduired purlied
level, and in a o ion, Smaﬁer Hum ero efﬁ"t’ers IS required -in order t% obtain ?he same amoun?of

filtrate as thatiprikeense eijbe-canventenakditemihe Rissett-tave Alivtealsmprovigese filtefh
element comprising an upstream filter and a downstream filter, each of which is properly selected

depending WBLER €78 SFeeHOHAP dsesadortiss s ket FamoTS RIS EipertetPrRBRsURigen
various applcations, The ypsieam et should e eplageable- alliough, Limaybe inggrally armed

as a part of a disposable evice, It necéessary."Specifica ed, the preset invention provides a

filter elemepteoRprsing- 120N asireaspditernng aidopngiseanddiels wherelhsaid dgwasteam
filter has a means for fixing to a housing, and said upstream filter is fixable to sa-id downstream filter
fixed to saidibouising; el scfliegdeyithedntining S&6d filter element fixed to the housing. In one
embodiment, the downstream f jlter has a first t}%rﬁ%dﬁa t, anq:the housin 25%%%%econ(%tgl[lead

part which e%a@lé%s -ﬁhlfﬁglﬁ%?%%g‘dlggﬁ.a}n another g‘n%%lodﬁ%%]i}%ﬁg Bwistrean fiter s
integrally foypad-with the daeusing. In stillanather embedimetetheupsireamdilians fixeeto the

downstream filter via fitting. 30 Preferably, the upstream filtex and the downstream filter are in the
form of 2 6 Jeplaoe®le. As the result, the life of the downstream filter is elongated while
10 attaining the required purified level, and in addition, smaller number of
filters is required in order to cbtain the same amount of filtrate as that in
the case of the conventional 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 applications. 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.
Tn another embodiment, the downstream filter is integrally formed with the
housing.
In still another 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



4 cylander and so arranged that one nests in the other. The upstream and downstream filters may
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 nonwoven fiber mass; ar;g 5 a porous
foam, hollow fiber or pleated membrane filter. A roll type filter may comprise variou l@ndgzof?ﬂl"ﬁer
bodies rolled together, and the roll type filter may_also_have a density gradient. The upstream filter
may he a member selected from a set of filters, which set is different from a set from which a member
is selecte%ﬁgg%rgg%ge@&g% p(ﬁg%g’ geﬂ{i%glg&%}_)_vides a filter de\_/icg containing
the ahove-mentioned filter element. The upstream filter ccaprises, in the order from inside, a porous
inner sup(Ibe ophtickamanhe ofvesitfeare ) Hneasfitiay hbayeintthe fefre ofsheatiotad around-the
core. if necessary, the upstream filter further comprises an outer 15 support cylinder made of resin
(sleeve) oFEMERREIVEAT T ediF Rt WIRcAESiREARsdstHTiREr BIdRRERE (BFSd gE 3Ad T Bem.

edge of the.upstream filler axa 5ealed withresin-caps, qu.the other %‘?g}%&%ﬁf% y su’}%ﬁding

comprises, in the order from inside, & porodus inner support cylinder

the care, angb2fha fetouholitewstipeerbeytibeter=s laaneoraftcruatively sohet-wiichi Sugpads the
outer surface of the filter body. The tf?lg edge and the bottom edge of the downstream filter are sealed
with resin%‘a%%r.l?ﬁe"@&@?ﬁa%&ﬂd@f efs S chrbRSe §heHitérBBthrEanaé prop eyl sdibd

depending-pp.the piapose, The ups gﬁrg g%t e%gilter body 25 conprising a pleated type, roll type
or seamless fiber cylinder type depth filter o%%gi%fmg non-woven fiber mass; and a porous foam,
hollow fib@herupieatesh HeTrbranayfilber a thenspsteeast-tidlerfecatassdpstedanl the-dowhstieamt filter in
the h=ing, and it may not bee mechanicallﬁll combined with a downstream cartridge, although it is

preferred #fatbitf-EREs sPihe Gp5team R BUTbenIdd WRIFERER ARArPIMS SrRAstrELRECh can
be m_L%Cha'ﬂ%a”%J?é&nt imvention also provides a filter device containing the

above-mentioned filter element.
The upstream filter comprises, in the order from inside, -a porous inner support
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
swrrounds 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 inner 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 combined 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



2 6 JUL 2006 5 liquid-tightly combined with the downstream cartridge. The downstream filter is a filter
cartridge having a filter body comprising a pleated type, roll type or seamless fiber cylinder type depth
filter containing non-woven fiber mass; and a porous foam, hollow f iber or pleated membrane f ilter. 5
one and of the downstream filter is sealed with a cap, while the other and is seale@ WitiUh d@8fighaving
alL fluid inlet or a fluid outlet. Each of the caps may_bg combined with the -upstream filter -via a
twist-lock, anO-ring, and/or a thread. However, it may not necessarily be combined. The materials for

the filter body used.for.the upstteam-and downst ters 10 .canpe selected from those known in
the art. Exaﬂ‘;l%/%'fézls8 iﬁéﬁﬁ%gﬁjﬁ}gﬁogﬁeng@ é%%%‘%po ytetraf uo?i(?et'hylene), UHMWE (ultra.-high
molecular weiglibwelyethylexie)el B {palyeingena)ttDIE thighhdendity palybthiylerepRESg a

(polyether sulfone), nylon, poliester, PVDF (polyvinylideze fluoride), cellulose and SUS (stainless

steel). The MsRieariyBRItsiRe Stppd R RSt idraredpndant fitEreedrEiade of

=006)
igid resin. Wh d.inst f the -i~ j itG ft ial. Th
rigid resin. When a ne %%sn%s inste aopgf@g ol cymggw%%gpg%ﬁ%g%ﬁig%%%%;gﬁ%g e

top and bot?gm-‘g%‘f)s m e an the form-of ring or diSk, depending on the ey axe

used. Bheyate &usedbyrheabwitit thariopi othotiensedea ofi thesamjnated 5 utitie-hempadetkof the
inner and outer cylinders (or parts of 20 the net) and the filter body. The material for the caps is also

selected froPRetRreselkhcweai Bae g, EXAMPA IR1Theprdéehithoehith wibse ekprameans detail in

the following. The term 25 “filter element., means the combination of an.u strea%nm{iter anga
downstreanrﬁ%iﬁgﬁbt]ﬁleg%e% f‘l:l%eer%%Eggal?n%g;r%e%\&gv?c%%s\%hlgﬁcd filter egénrr?én ¥ Tstane n%b a

housing to tefaRdsabierdgvies: the-tessar'upstreamimbieaas 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 intoThe B gbiaAstiEsn T it Hepe Refhg e dhkore Hifr b ia et raxk dorarbrparpsséters
10 canbe selected from those known in the art. Exanples include PP (polypropylene),

PIFE (polytetrafluorcethylene), UHMWPE. (ultra-high molecular weight
polyethylene), PE (polyethylene), HDPE (high-density polyethylene), PES
(polyether sulfone), mylon, polyester, PVDF (polyvinylidene fluoride),
cellulose and SUS (stainless steel). The inside and outside support cylinders

15 of the wpstream 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 rmg or disk, depending on the positicn
at which they are used. They are fused by heat with the top or bottom edge of
the laminated structure camposed of the imner and outer cylinders (or parts of

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

EXAMPLE

The present imvention 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 temm “filter device” means a device in vhich 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.



2 6 JUL 2goS 6 Figs. 3 - 6 illustrate the filter element and the filter device according to Example 1 of
the present invention. In the descriptions of the figures, the 5 terms "top" and "bottorm' are used for
the sake of convenience, and the axis line can be set to an arbitrary direction, such as the horizontal
direction. Fig. 3 shows a filter device 32 of the present invention in which a filter elenfehitJ8lo {Mbe Fig.
6) of the present invention is installed. Fig. 4 shows a perspective view of an upstream filter 34, Fig. 5
shows a perspective view of an downstream 10 filter’36, and Fig. 6 shows a filter element in which the
upstream filter 34 is partially inserted into the downstream filter 36. Referring to Figs. 3 and 4, the
upstream filter 34 has a filter body 38 comprising a pleated type, roll type or seamless fiber cylinder
type dept%@ﬁglgomtaining 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 can be found,
for exampkigs.-the alfovd-mentiane dhefdridiieeseIEhenipstrdarhdilfel 8drisidocate dhupstréam abthe
downstream filter in the housin%,;and it may not he quuid-ti%{%y combined With the downstream filter

(i.e. bypasSRgRNSy oBEuFhIdRSoW s A SHIPRmotht DI SR T B ftRe P2 0 RG it icT is FBGuired, it
can b liquigsHightiy,combinegyitythe.downstieams filte36 fke.Jarie: 5.0 hypassdothe, dqwostream

filter) . The figures illu,strate the former, and the top end of the filter body 38 is sealed with'an annular
cap 44 nadernbresiet; divd #hedhditormendissealed, withchn=en nbkahoapza2-aladeeitesin. The inner
surface of the cap 42 has two projecticn~; 46 at 25 diametrically opposite positions for fixing the

upstream fitgr SEREHHS aﬁm%%%cﬁlt%‘r 96 R RS UFIHE B 8 i Golin SFE S ERREE 36 s
required ta be blogked, dhe fop-and botigm.ends ofiNe GapsA3 and dd.are sealed Using Quings.

Along the inside and/or the outside of the filter body 3 8 in the'form of Cylinder, 30 porous support
cylinder onvgptinde Enmaderetngid Yesm3dantig plackdwarsd ghespdrtdilie 2086 of an downstream

10 filter 36, and Fig. 6 shows a filter element in which the upstream filter 34

is partially inserted into the downstream filter 36.

Referring to Figs. 3 and 4, the upstream filter 34 has a filter body 38
camprising a pleated type, roll type or seamless fiber cylinder type depth
filter containing nomwoven 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 amowunt of flow), or if higher

20 purification is required, it can be liquid-tightly carbined 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
anmilar cap 44 made of resin, and the bottom end is sealed with an anmular cap
42 made of resin. The imner 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



7 top and the bottom ends can be integrally combined to the caps 42 and 44, respectively. The figures
contain a thin support cylinder 43 located inside the upstream filter. Referring to Figs. 3 and 5, the
downstream filter 36 is a filter cartridge having 5 a f ilter body 48 ccmprising a pleatedgtypg, %Hetype
or seamless fiber cylinder type depth filter containing non-woven fiber mass; and a porous foam,
hollow fiber or pleated membrane f ilter. The top end thereof is sealed with an annular cap 52, and
the bottom end is sea | ed with a cap 5 0. Each of the caps may be combined with the upstream filter

by means qf.g twigt-lack.190 Dstingnandiar, 10.a thiead Howeygs depepding opdhe realared,degree
of purification, the filters may not be mechanically combined together and the -upstream filter 34 Tray
merely covesghectdveristrearhdilteirgBbed\ longrat teastttie inngresid ecpl itefilted Hodyt&s amsindpthe
inner side and the outer side, rigid support cylinder (s) having a number of circulatory holes 56 is
provided. THehiPE5ERBodihERH: along both surfaces of the filter bedy 48, the rigid outer support

cvinder S4and, e ld il sy aRet cuidet Agate pavidersand hedop.podlolian sads.gf the

cylinders are integrally coiTbined to the caps 52 and 50, respectively. On the cap 52, a filtrate outlet

GO is formed Ienangadfy/0:8ngriariadhdightieat dquigstg hityl fixingetbe desmisiseafitiitesidithi=housing
20 70 (Fig. 3) . The outlet is connected to the inside of the irmer support cylinder 62. The
circumfere B PERE dp LD aSNG e ER gievve L B8R ABRDT WHTch BeEdrmidaates SRéprdl ection

46 of the u s%ream filter %4. Theﬂi@ggg E’g ar gf ch of % ]&'@ véog [OOV %ng
opening Wr%c ac%f:- tjzeﬁlg%rq ection %% 4§I|Fr?1 tﬁg d}%t%% (%E the axtiLs, a%gggi%éﬁﬁg groove 64
connected ¢aphsxopeninghis ketbed antlidls lecksdhaptbjecten 49 wheadhe-Bpsieanpiltesiswetated.
In Fig. 6, the inner downstream filter 3 6 is in the middle of the insertion into the outer upstream filter

34. These GPBTIRES voHAHRIR WHlterBIchh eHer 30y TREYSHRS iAstHlEd RR the BrEasiarmiRBed/ Sosition,
and thg projelions 30 48LING Unsliean filfer34.are spried niahe isteek BIagves,58 qlthe

filters may not be mechanically combined together and the upstream filter 34
may merely cover the downstream filter 36. Along at least the inner side of
the filter body 48 among the imner 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 bottam 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 imner 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 opening
is formed, which locks the projection 46 when the upstream filter is rotated.
In Fig. 6, the imner 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



2 6 JUL 2006 5 downstream filter 36, and the upstream filter 34 is rotated, thereby engaging the
projections 46 with the locking grooves 64. Fig. 3 shows a condition in which both filters are combined
at the determined position. Except the initial installation, the upstream filter 34 ar@ighg@omgtream
filter 36 are replaced by the fresh ones at the 10 work site of filtration, and the upstream filter 34 is
likely to be replaced more frequently as compared with the downstream filter 36. Figs. 7 and 8
illustrate one embodiment of the upstream filter 34 and the downstream filter 36. In this embodiment,
the upstream filter 34 comprises, in the order from the inside, an inner support cylinder 43 having
pores 45 and a roll type filter body 38 15 having figie pores, rolled around the inner support cylinder 43.
The downstream filter 36 comprises, in the order from the inside, an inner support cylinder 62 having
holes 56, a pleated type filter body 48 surrounding the inner support cylinder 62, and an outer
support aytiwdetréanndiliey $hresd3hsuppstbamtHiteutt sunfatdest, thizeptostedgiibgrdday 48. Various

construclign o dHeR s BN K HIP R S8 Ratepl 29 dRBRAdNAINA RHRRRS, Bign9 and Fio

10 show a further embodiment of the invention including a downstream filter having threaded filtrate

outlet for iRt GNP ASH Riremdntemiack PRtaRy. Exsamohn itnitiay. 'BSW@F@BS%@ 70 has a
housing Q@Mrzénwhwéeumtbﬁdqneeadwlnef@ﬁmls.wd@%émb@me%memeéI%tclﬁéed except a

draip outlet 80..The nd 25 of the ho alr d ti a round
wallp8f a W& |ﬂée ﬂfﬁga? |5%$1tBerHP§' gqcﬁﬁ% £<§I %Fé’ﬁq@%% bead 74
has an extecnaipimecd;ttotiehitivastne@mmbiltehi@ad of a fastenlng rlng 72 is engaged. When the

fasteningyiog,i» SR TRAPAN BR RGN cf 115 (Empuer il SpskaapL Hisr3fiane e

downstream filter 36 become accessibl replacin 30 fresh ones. Reterring to Fig, 3, the feed

flows frofil®re3RIdn7biDEAMEHTSHY H@adpﬁﬁrﬁ?’fhé’ggb%ecﬁéiﬁfé%ﬁﬂh% {issaeslsrvamer 98 and the

housing beyidd Laanar&esuppssesylinkaiomsthelilier bady 38 dhe unfiterpsepmpnedhsdeed flows
to tq% bottom of he housmr%lPowl 71 (p%ls dischar%edr{rggﬂgggrdé{g n].ﬂutl t 80 ?S a drz?tln flow. In this

aving me pores, rolled arou € inner su wns ream f
36 comprises, in the order from the inside, an inner support cylinder 62 having holes
56, a pleated type filter body 48 surrounding the inner support cylinder 62, and an
outer support cylinder 54 having pores 55, supporting the outer surface of the pleated
filter body 48. Various constructions of filter bodies can be properly selected,
20  depending on the purpose.
Fig. 9 and Fig. 10 show a further embodiment of the invention including a downstream
filter having threaded filtrate outlet for connecting the downstream filter to the housing.
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 outiet 80. The top end
25  of the housing can be air-tightly or liquid-tightly engaged to a round wall of a housing
head 74 via an O-ring. The outer surface of the round wall of the housing bead 74 has
an external thread, to which an internal thread of a fasterning ring 72 is engaged.
When the fastening ring is loosened and the housing bowl 71 is removed, the
upstream filter 34 and the downstream filter 36 become accessible for replacing by
30  fresh ones.
Referring to Fig. 3, the feed flows from the inlet 76 of the housing bead 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 outlet 80 as a drain flow. In this

35 case, a portion of the feed may be bypassed and



35 case, a portion of the feed may be bypassed and 2 6 JUL 2DO6 9 flows directly around the
downstream filter 34, but depending on the purpose, this is allowable. If necessary, O-rings can be
placed between the annular caps 44 and 52, and between the annular caps 42 an% %0, mog@]%; to
prevent the formation of bypass, as mentioned above. The semi-filtrate that has bean pass

through the filter body 38 is then passed through the fiter body 48 of the downstream filter 36 and
further purified- The filtrate flows into the inner porous support cylinder 62, and exits f rom the filtrate
outlet 78 oftheyBosing: bpaddd Clogoingreiihesflopinstean, fitat Ibjsmbidkely tthecsumpyeie

clogging of the upstream filter 36 occurs easily. Therefore, the flow rate of 10 the filtrate is measured
while watcHigsclsyaidgveiahe- ugStReSeFRREY 32 SHISVRIR IR S LRsarcarhvRRe B2 seaRsa&sFto.
have been c¢logged, the flow is . paused and th% housing bowl 71 is removed to replace the upstream
filter with frgeéls%%%e? h or erk%% acilitate thaen%p Acen nt%\;ﬁ%&fi%r’, the ﬁgﬁ%ﬁ\g%?grfﬁ’ﬂﬁe ousing
bead 74 ar¢gngaged $FasiheEyisam@ringheaisbiie interaaldgithreackof thefasieningcngabads

screwed into the external thread of the housing head 74, thereby allowing the opposite end of the

fastenifig ricgerghysheh& hbiasingoayaftstth&bay datird byshsy Héwd i texpbrdreAts Weidwearried
out using the filter element and the filter. device of this embqgdiment. As a filter bady of the upstream
filter, a 20 ﬂ%%%/reerae% gééﬁﬁrgaﬁe%%hﬁlﬁrﬁgﬁorﬁv%v%é tsﬁétgt %ié)&]es oltr%f’ pol)ﬂlf)%beprylene),
having a film-thigk 80 mapdweight ot 110l aRdr theralicpaimeability- B sRe as

used, and as the filter body of the downstream filter, Microgard Plus (10 inch, the pore diameter of
0.05 ~n, maeadacture@hgdaykeois Chepdratish) fawiicHarmimisi dretratelot 0005 el HEPAPE 25

e o sl el Bobeieschues oot A3 sl vl s 200 g f
lowering of ¢he fitnatianedeunanes ohthe upstrean Wiepgduetettheclogaingmas measyredrand
immediately before
when the upstream filter 34 is considered to have been clogged, the flow is
paused and the housing bowl 71 is removed to replace the upstream filter with
fresh one. In order to facilitate the replacement of the filter, the housing
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 opposite 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 obtained 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 pm,
manufactured by Mykrolis Corporation) in which a membrane made of 0.05 um UHMAPE
25  (ultra-high molecular weight polyetliylene) was used. 2As 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 cperation was paused. The upstream filter was replaced by

30 fresh one, and the cperation was resumed. The result is shown in Fig. 9. The



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 2 6 JUL 2006 filtration was conducted with
three replacements and four 8-minutes operations, and the total aamunt of filtrate w3 3&@2@3 as
much as the amount when only one filter is used. When the conventional disposablefilter elemment is
used and filtration is operated four times, four filtef glements are required, i.e. 5 the amount to be
filtered will be four times as much as the amount with one f ilter. Therefore, when the f iltration is

conducteg e mesJacligLalemen oL dhe N esaIaIon A0 SR appLOAlely B0 - of he
amount of filtrate using the conventional filter element (3. 5 times / 4 times ,ti%]é(()%u Wlﬁ?gﬁbect to
the numkerbthowosiieanfiiersf ahlyt2afbveistle Taivestan al fitteads tHe: reguirechidedownstream

filter / 4 filter elements). Especiall% in the case of the downstream filter in which an expensive fine

membrar®Fs Hekdass filest -holil ndsEreehve. - damtRlcumRt pteskftthvention
Is advantageqyspthat, by prepadne ¥aroys kindsgf unsyeamdiigrs 34 apd 9%&5!?@8?@.@@”5 36

and combining 15 those, various filter element can be obtained depending on the purpose. Various
modHicatidrsaganritermad e HitHrededpd bé thepresent asveantioas ththeremitodirieaheffthir-present
invention, the upstream filter 34 is Elace_d outside the downstream filter 36. However, modification can

be made ey "B EngRgTthe- oW Poute SR adviRS e e FiRal e flsretftshle the 20
upstream filter, lnihe empodimant.of the prasearigvention. ag-Cs1ingd isdrayided o e pullet 60 of

the downstream filter 36, for fixing the downstream filter to the housing. However, the downstream
filter can beingruhectedvesingonly thec@=riigmémth(s . Basieweit is simply<d tightfighDepending=on the
situation, the downstream 2S filter can be integrally formed with the housing. In this case, the

downstresin RS R AR E AR i theF 8mBbtintent (RE ThSueIR PR dobithFohfected
with the downsieam Aligh-andhypassing/q the dowastigamdiltersaay 9ceyl, though the. ¢

, the downstream filter in which an expensive fine membrane is used as a filter
body, the present invention is effective.
In addition, the present imvention is advantageous in that, by preparing
various kinds 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 wpstream filter 34 is placed
outside the downstream filter 36. However, modification can be made by properly
changing the flow route and the domstreaﬁl filter may be placed outside the
20 upstream filter.
In the enbodiment of the present invention, an O-ring is provided on the ocutlet
60 of the downstream filter 36, for fixing the downstream filter to the housing.
However, the downstream filter can be commected 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 comnected 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 anmular cap 42, or O-rings



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 annular cap 42, or O-rings 2 6 JUL 2006 can be placed around the
caps 42 and 44 as mentioned above, so that the spaces between the caps 42 and sg,garl@lp%%een
the caps 44 and 52 are sealingly closed. In an another modified embodiment, a group consisting of
plurality of the upstream filter and a group consisting. of plurality of the downstream filter 5 are
prepared, and a combination of the upstream filter and the downstream filter can be properly selected

depending eathe puRese aBathdilters an be fiet aio AharsaniesenbingaPst this case dhees
upstream filter cannot be replaced, thus it is disposable type. However, a combination of the upstream

filter and thetenstheanmbitdRcardposimythechitere [EhacrRst #icaprbBe i ReRldndsyL olersserly
selected depending on.the purpose which provides advantages in that variou kings of f ilter device
having desfgtﬁa%d u%c%e Can be attame gﬁg%tivélﬁ?%s?ﬁaﬁﬁ%tﬁﬁgr g#gr}rvls’én arll&¥h8 iIt%gedevice
having the apgve-mertioped featdresclgnadesmtisage oithe-donsticamdilterhecemmsmhossible,
which has is been impossible with one conventional housing. In addition, a group of the upstream

filter arfl a greuprepatec cwnsa canriileicprégaeuraidcand iilers authhscfispes-iem gifférant
group are used jn cambination. As a result, a_ user_or an installer of the filter.can properly select the
filter combilTaHoR 2Rt Rhe Fitsr tarBa 5&8%%%&%?&@%&%%? is ;Egggpgégb e‘%oC %‘n er adaitional
property to gy rupsirgamnditermsuchy asroaremeidng ahllity, BRIERT AESGRIBHGNO Fepitzeg,
DRAWINGS Fig. 1 shows a partial cross-section of a filter device having a conventional 25 filter
element. Figh2sshows alspewsiiolshasecdiaramyehowisgripterviemiohdititupdewen hnliay and

conventional st element; Fg. 3 shows a,onqiucinal seeipr ot et deyice nfo uhich a fter
element of thie" presen IAVeTion 15 fixet-

10 properly selected depending on the purpose, which provides advantages in that
various kinds of filter device having designated purpose can be attained
effectively.

By using the filter element and the filter device having the above-mentioned
features, long-term usage of the downstream filter becomes possible, which has

15 been impossible with one conventional 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.

BRTEF DESCRIPITON 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



30 Fig. 4 shows a perspective view of the upstream filter that is a component of JUL 2006 -12 the filter
element of the present invention. Fig. 5 shows a perspective view of the downstream filter that is a
component of the 5 filter element of the present invention. Fig. 6 shows a perspectigefvigiv gfiggne
embodiment of the present invention in which the filter elements are combined. Fig. 7 shows a plane
cross section along the line IV - IV in Fig. 3. Fig. 8 shows a perspective view of the cross section of the
filter element along the line 10 Vill -Vill in Fig. 3. Fig. 9 shows a perspective view of one embodiment
of the downstream filter having threaded filtrate putlet for connecting the downstream filter to the
housing of the present invention. Fig. 10 shows a longitudinal section of one embodiment of the
downstrehmfiiteseles pat Aigharrageat itvatdi®utlet for connecting the downstream filter to the housing

of the pregen! dNYRRIRFIIRE ARSI HEnRars R fiEeiHRIEHodgiahtdg\iee 34 upstream
filter 36 downstream filter 25 38 filter bodiéﬂ40 housing 42, 44 cap 46 projection 48 filter body 30 50,

52 cap sAEERPRBHCENRREPSER NGRSy hole

Fig. 6 shows a perspective view of one embodiment of the present invention in which

the filter elements are combined.

Fig. 7 shows a plane cross section along the line IV - IV in Fig. 3.

Fig. 8 shows a perspective view of the cross section of the filter element along the line
10 VI -VIllin Fig. 3.

Fig. 9 shows a perspective view of one embodiment of the downstream filter having

threaded filtrate outlet for connecting the downstream filter to the housing of the

present invention.

Fig. 10 shows a longitudinal section of one embodiment of the downstream filter
15 having threaded filtrate outlet for connecting the downstream filter to the housing of

the present invention.

Descriptions for numerals
20
30 filter element

32 filter device
34 upstream filter
36 downstream filter
25 38 filter body
40 housing
42, 44 cap
46 projection
48 filter body
30 50,52cap
54, 62 support cylinder
56 circulatory hole
60 outlet
58 twist-lock groove

35 64 grommet groove



60 outlet 58 twist-lock groove 35 64 grommet groove 2 6 JUL 2006 -13 CLAIMS 1 A filter element
comprising an upstream filter having a top end cap and a bottom end cap and a downstream filter
having a top end cap and a bottom end cap, wherein the upstream filter and the dogvgstrglarpofter
have cylindrical shapes such that the downstream filter is received within an interior of the upstream
filter. wherein radially outer edges of the top and1Bettom end caps of the downstream filter are in
respectivg&m@ct with radially inner edges of the top and bottom end caps of the upstream filter,
wherein an uppeér surface of the top end cap of said downstream filter has a filtrate outlet for fluidly
connecting an interior of said downstream filter to the outlet of a housing, and wherein the radially

outer peripheral gdgengfitteRativncen sayQirthe drupstiramaliier aitspuascag wisd-4ock groove
consistin%c{ an axial %rggg% %nd a }circu fter ntial groove %(tending grgo cgpne axial groove, and

wherein the r"a"&i%ﬂ?/ ihet perip ers r%%ré'e'o?rthgwp %Fogn%[]cézg%?ﬂwe ups rean tilter includes a

projectiorMiRieis fdeaipatsrawiliia and theaslownstiepoufiifrbarrPyiodie PTansiel susbtthatk groove,

whereby wae iR est e Blistds d@iatath aRGrenyper danipyaedin maid RAERM rRfbgap of the
upstream filter iaéieta Fhablg fixat?)le to th%Clir)ottom I’t]}d ga of said gﬁ)wnstream filter. 2. The filter
e

element SB G R LMD, SRS R L AR b e P R, iR 245 ' 28PEE Sy for fixing the

filter elenpamtact ¥éid vradiﬁﬂm'g{nsr Feefiiod thadarepndbetbedirandccara @l e ersiresie 8ivt, caps of said
upstreamyfilies; ks lgese ¥ fitdea ethirg Wil thiecspdicans @vwaiddpmatreandiiaatd ol filter element

according to claim 1 wherein the end caps.qf said upstream filter are liqujd-tightly fixed to end caps of
et don LY B e Le o SHE D L7 D ALIET 6B CPLELPCAT fitr i & rolled
filter and whierelowiestadiaty flvdergeriphesabediece! heTiaitinegns sarcoltthestsrnseoroléilier 1 wherein

each of saidunsireamiiiek godvduupsiaabiiesissgleeirdairpRerivRliEamaifeseat sets of filters.
extending from the axial groove, and wherein the radially inner peripheral edge of the
lower end cap of the upstream filter includes a projection that is receivable within the axial
and circumferential grooves of said twist-lock groove, whereby when the upstream filter is
rotated and moved downwardly, said bottom end cap of the upstream filter is detachably

fixable to the bottom end cap of said downstream filter.

2. The filter element according to claim 1, wherein said filtrate outlet includes a

thread or an O-ring for fixing the filter element to said housing.

3. The filter element according to claim1 wherein the end caps of said upstream

filter are loosely fit together with the end caps of said downstream fiiter.

4.  The filter element according to claim 1 wherein the end caps of said

upstream filter are liquid-tightly fixed to end caps of said downstream filter.

5.  The filter element according to claim 1 wherein said upstream filter is a rolled

filter and said downstream filter is a pleated filter.

6.  The filter element according to claim 1 wherein each of said upstream filter

and downstream filter is selected respectively from different sets of filters.



