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E'ILTER ELEMEXC AM3 FILTER DEVICE HASKDZ REPLA- FILTER 

This application claims the benefit of U. S . agplication serial No. 09/968,225 
filed October 1, 2001 entitled I1Filter Eletrmt And Filter Device I-kskng 

Replaceable Filtert1. This application is related to co-pending application 

5 Japanese Serial No.200S~216452, filed July 17, 2001 under Applicants' 

reference rnrmber 200100287 (formerly IWQ-615). 

BACKGROUND OF THE m m  

The present insmition relates to a filter cartridge which is suitable for 

lo filtering liquid and gas. Wre particularly, the present h-rvmtion relates to 

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

various foreign matters, such as an --type 0-c release agent used on 

a &strate for electronic parts (e.g. a smiconductor 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. 

TKO different and specific basic cartridges generally used for filtering gas 

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

meitibrane filter (usually a pleated filter) . Tcday, roll type depth filters and 
20 rmnbm filters each encased in a separate housing are used in tandem to attain 

adesiredpurificatimlevel. InJ~sePatentApplicatimECIs~No. 7-213814, 

a filter cartridge is proposed that has a filter badly comprising : a depth filter 

containing mn-woven fiber w s  in the fom 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 w i t h  the depth filter. However, there we still demands 

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

jncreasing thragkput and remving metal ions. By separately prcNiding filters 

2 6 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.2001'2l6452, filed
July 17, 2001 under Applicants'  reference number 200100287 (formerly MYKP-615). BACKGROUND
OF THE INVENTION The present invention relates to a filter cartridge which is suitable for  io filtering
liquid and gas. More particularly, the present invention relates to  a filter cartridge for filtering a liquid
agent containing large amrnnts 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  membrane 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 Kckai 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 6 JUL 2006  2 



each as a un i t  'chat can be conibined to  each other, prokction cost can also be 

reduced. 

Figs. 1 and 2 show a conventional f i l t e r  cartridge disclosed in Japanese Patent 

-1ication Kokai No. 7-213814. A cartridge 1 0  has a depth f i l t e r  16 having 

5 an expsed outer &ace 12 ,  in the form of roll  or seamless fiber cylinder; 

a pleated surface f i l t e r  or screen f i l t e r  18 concentrically arranged in w i t h i n  

the depth f i l te r ;  a core 20 srpporting the inner surface of the surface f i l t e r  

18 as wel l  as having a rnrmber of holes 23 as fluid -passages ; and a fluid outlet 

14 for wit3dmwing a fi l trate fluid (liquid or gas) from the core 20. The top 

l o  end of the depth f i l t e r  16  and that of the surface f i l t e r  18 are sealed. The 

top end of the f i l t e r  cartridge 10  is cmpletely sealed w i t h  a cap 19. Upon 

itsuse, thefiltercartridge10isinsertedintoahousing21ofafilterdevice, 

and liquid-tightly fixed to the d l  of the housing via a thread means and/or 

an O-ring provided around the fluid outlet 14. 

E A fluid (liquid or gas) to be purified is intrcduced between the housing 21 and 

the cartridge 1 0 ,  and the fluid passes £ r a n  the outer scurface 1 2  towards the 

inside of the depth filter 16, and then through the surface f i l t e r  18. The 

pur.' f ied fluid flows out to the central passage through the holes 23 of the core 

20, and is withdmwn as a f i l t ra te  fran the fluid outlet 14. 

20 Intheabove-mentionedcase inwhichtwodifferent filtersareused, the f i l t e r  

located upstream has relatively large pore diameter, while the f i l t e r  located 

downstream has relatively small pre diameter, in  order to increase the level 

of purification and to elongate the l i f e  of the f i l te r .  

However, the abwe-mentioned tvm f i l te rs  are integrally formed to be a single 

25 f i l t e r  elemmt, and have disadvantages in that various possible f i l t e r  

ccsnbinations shr3~1J.d be prepared that satisfy various purposes. In addition, 

the qstream f i l t e r  is contaminated faster as carpxed w i t h  the downstream 

f i l t e r ,  and thus even* the downstream f i l t e r  is not contarrinated, the f i l t e r  

element cannot be used anynmre, because of the shorter l i f e  of the upstream 

30 f i l t e r .  

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 within  the depth
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 for withdrawing 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 filter cartridge 10 is completely sealed with a cap 19. Upon  its use, the f ilter cartridge 10 is
inserted into a housing 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 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 fluid f lows 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  2S 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 cannot be used anymore, because of the shorter life of the upstream  30 filter. 2 8
JUL 2006  



Theref ore, the object of the present invention is to provide a filter cartridge 

carprising 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 canbination 

5 can be properly selected depending on the purpose such as the removal of metal 

ions and can elongate the filter life. 

The present invention provides a filter element caprising a canbination of an 

upstream filter and a downstream filter, wherein the upstream filter is 

replaceable. As the result, the lifeof thedownstreamfilter is elongatedwhile 

l o  attaining the required purified level, and in addition, smaller number of 

filters is required in order to obtain the same amount of filtrate as that in 

the case of the conventional filter. 

The present hention also provides a filter element comprising an upstream 

filter and a downstream filter, each of which is praperly selected depndhg 

15 on the specific purposes, f m  the stock of various filters expected to be used 

invarious applications. The upstream filter shouldbe replaceable, although 

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

necessary. 

Specifically stated, the preset hvmtion provides a f ilta- element carprising 

20 an upstream filter and a downstream filter , wherein said downstream filter has 

a means for fixing to a busing, and said upstream filter is f bable to said 

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

filter element fixed to the busing. 

L n o n e ~ m e n t , t h e ~ t r e a m f i l t e r h a s a f i r s t t h r e a d p a r t ,  andthehousing 

25 has a second thread part d c h  engages with the first thread part. 

31 another S m e n t ,  the downstream filter is integrally formed with the 

housing. 

In still another embdiment, 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 

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 removal of meta I  ions
and can elongate the filter life. The present invention provides a filter element comprising a
combination of an  upstream filter and a downstream filter, wherein the upstream filter is  replaceable.
As the result, the life of the downstream filter is elongated while 3-0 attaining the required purified
level, and in addition, smaller number of  filters is required -in order to obtain 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 an the specific purposes, from the stock of various filters expected to be used in
various applications. The upstream f ilter 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
f ilter element comprising  20 an upstream f ilter and a downstream f ilter, wherein said downstream
filter has  a means for fixing to a housing, and said upstream filter is fixable to sa-id  downstream filter
fixed to said housing; and a filter device containing said  filter element fixed to the housing. In one
embodiment, the downstream f ilter has a first thread part, and the housing  25 has a second thread
part which engages w-ith the first thread part. In another embodiment, the downstream filter is
integrally formed with the  housing. In still another embodiment, the upstream f ilter is fixed to the
downstream  filter via fitting. 30 Preferably, the upstream filtex and the downstream filter are in the
form of 2 6 JUL 2006  



cylinder and so m g e d  tha t  one nests in the other. 

The upstream and downstream filters may have the same or different f i l t e r  

membrane selected from the group consisting of a pleated type, roll type or 

seamless fiber cylinder type depth f i l ter  containing nonwven fiber w s ;  and 

5 aprous foam, hllowfiberorpleatedmembmne fi l ter .  Am11 type f i l t e rmy  

comprise various kinds of f i l t e r  bodies rolled together, and the roll type 

fi l ter  may also have a density gradient. 

The upstream f i l te r  my be a member selected from a set of filters,  which set 

is different from a set  f run which a member is selected as a downstream f i l te r  . 

l o  The present hen t ion  also provides a f i l ter  device containing the 

abclve-mentioned f i l te r  element. 

The upstream f i l ter  ccmprises, in the order from inside, .a porous inner mrt 

cylinder made of resin (core) , and a f i l te r  body in the form of sheet rolled 

ar0m.d the core. If necessary, the upstream f i l te r  further comprises an outer 

15 sqprt cylinder made of resin (sleeve) or alternatively a resin net, which 

surrounds the f i l te r  body. The top edge and the bottom edge of the upstream 

fi l ter  are sealed with resin caps. 

On the other hand, the downstream fi l ter  c q r i s e s ,  in the order £ r a n  inside, 

a prous inner m r t  cylinder (core) , a f i l t e r  body sumoundjng the core, and 

20 a porous outer m r t  cylinder (sleeve) or alternatively a net, wbich m p ~ ~ r t s  

the outer surface of the f i l t e r  body. The top edge and the b t t m  edge of the 

downstream f i l te r  are sealed with resin caps. 

The ccmbination of f i l ters that comprises the f i l ter  bolty can be properly 

selected de-g on the purpose. The upstream fi l ter  has a f i l te r  bodty 

25 caprising a pleated type, roll type or seamless fiber cylinder type depth 

fi l ter  containing non-mvm fiber mss; and a porous foam, hollow fiber or 

pleated membrane f i l te r  . ?"ne upstream fi l ter  locates upstream the downstream 

fi l ter  in the husing, and it my not be mechanically cmbined with a downstream 

cartridge, although it is preferred that both ends of the upstream f i l te r  be 

30 sealed w i t h  caps having the structure w h i c h  can be mechanically and 

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; and 5 a porous
foam, hollow fiber or pleated membrane filter. A roll type filter may  comprise various kinds of filter
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 selected as a downstream filter.  10 The present invention also provides a filter device containing
the  ahove-mentioned filter element. The upstream filter ccaprises, in the order from inside, a porous
inner support  cyliriclp 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 alternatively a resin net, which  suxrom-ids the filter body. The tcp edge and the bottcm.
edge of the upstream  filter axe 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 ccxrbination of filters that comprises the filter body can be properly  selected
depending on the piapose. The upstream filter has a filter body  25 conprising 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 meTrbrane filter. The upstream filter locates upstream the downstream  filter in
the h=ing, and it may not bee 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 



liquid-tightly c d i n e d  w i t h  the downstream cartridge. 

The downstream filter is a f i l t e r  cartridge having a f i l t e r  k d y  c q r i s i n g  a 

pleated type, m l l  type or seamless fiber cylinder type depth f i l ter  containing 

non-wen fiber w s  ; and a porous f m, hollow fiber or pleated membrane f i l t e r  . 

5 One end of the downstream f i l t e r  is sealed with a cap, while the other end is 

sealed w i t h  a cap having a fluid inlet or a fluid outlet. Each of the caps may 

becdinedwiththeqstreamfilterviaatwist-lock, anO-ring, and/orathread. 

However, it my not necessarily be cmbined. 

The materials for the f i l t e r  b d y  used for the upstream and downstream f i l t e r s  

lo can be selected from those known in the art. Exarples include PP (polyprupylene) , 

PIFE (plytetraf luorcethylene) , UHMWPE (ultra-high molecular weight 

polyethylene) , PE (polyethylene) , HDPE (high-density polyethylene) , PES 

(plyether sulfone) , nylon, polyester, WDF (plyvinylidene fluoride) , 

cellulose and SUS (stainless steel) . The inside and outside mpprt cylinders 

15 of the qstream and downstream fil ters are made of rigid resin. Wha a net is 

used instead of the q r t  cylinder, it can be made of the same mterial .  The 

tap and bottm caps my be in the form of ring or disk, depending on the position 

a t  w h i c h  they are used. They are fused by heat with the top or bottm edge of 

the laminated structure composed of the inner and outer cylinders (or parts of 

20 the net) and the f i l t e r  bodty. The mterial  for the caps is also selected frcm 

those b w n  in the art. 

EXAMPLE 

The present invention w i l l  be explained in detail in the following. Thtt tenn 

25 "fil ter element" means the cd ina t ion  of an upstream f i l t e r  and a downstream 

fi l ter ;  the tm "fi l ter  device" means a device in which a f i l te r  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. 

A s  w i l l  be described below, a part of the feed can be led directly into the 

30 downstream fi l ter ,  depadhg on the rquired cleanliness for the purpose. 

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  sealed with a cap having
aL fluid inlet or a fluid outlet. Each of the caps may  be 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 upstream and downstream filters  10 can be selected from those known in
the art. Examples include PP (polypropylene) ,  PTFE (polytetrafluoroethylene), UHMWE (ultra.-high
molecular weight  polyethylexie), PE (polyethylene), HDPE (high-density polyethylene), PES
(polyether sulfone), nylon, polyester, PVDF (polyvinylideze fluoride),  cellulose and SUS (stainless
steel). The inside and outside support cylinders is of the upstream and downstream filters are made of
rigid resin. When a net is  used instead of the -i~ort cylinder, it can be made of the same material. The
top and bottom caps may be an the form of ring or disk, depending on the position  at which they axe
used. They are fused by heat with the top or bottom edge of  the laminated structure composed of the
inner 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 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. 



Example 1 

Figs. 3 - 6 illustrate the filter element and the filter device according to 

Example 1 of the present invention. Ln the descriptions of the figures, the 

5 terms "top" and "bottm~'~ 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 element 

30 (see Fig. 6) of thepresent inventionis installed. Fig. 4 showsaperspective 

view of an upstream filter 34, Fig. 5 shows a perspective view of an downstream 

l o  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 bodty 38 

caprising a pleated type, roll type or seamless fiber cylinder type depth 

filter containing m n m  fiber mass; and a porous foam, hollow fiber or 

1-5 pleated membrane filter . All of these filter h d y  types a-e known in the art, 

  the description can be found, for example, intheabove-mentionedreferences. 

The upstream filter 34 is located upstream of the downstream filter in the 

housing, and it m y  m t  be liquid- tightly combined with the downstream filter 

(i. e. bypassing may occur wbich allows a d l  m t  of flow) , or if higher 

20 purification is required, it can be liquid- tightly ccmbined 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 lxdy 38 is sealed w i t h  an 

. annular cap 44 rrade of resin, and the bottm end is sealed with an annular cap 

42 made of resin. The inner surface of the cap 42 has t m  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 hdy 3 8 in the' form of cylinder, 

30 prous w r t  cylinder or cylinders mde of rigid resin can be placed, and th.e 

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 element  3 0 (see 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 depth  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 can be 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 he liquid-tightly combined With the downstream filter
(i.e. bypassing way occur which allows a small amount of flow), or if higher 20 purification is required, it
can be liquid-tightly combined with the downstream  filter 36 (i.e. there is no bypass to the downstream
filter) . The figures  illu,strate the former, and the top end of the filter body 38 is sealed with an  annular
cap 44 nade of resin, and the bottom end is sealed with an annular cap  42 made of resin. The inner
surface of the cap 42 has two projecticn~; 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 f ilter body 3 8 in the'form of cylinder,  30 porous support
cylinder or cylinders made of rigid resin can be placed, and the 2 6 JUL 2096  



top and the b t t m  ends can be integrally c d i n e d  to  the caps 42 and 44, 

respectively. fie figures contain a thin wrt cylinder 43 located inside 

the upstream f i l t e r  . 

ReferringtoFigs. 3 and5, the downstream fi l ter36 isafiltercartridgehaving 

5 a f i l t e r  bodty 48 carprising a pleated type, roll type or seamless fiber cylinder 

type depth f i l t e r  containing non-woven fiber ms; and a prous  foam, hollow 

fiber or pleated membrane f i l t e r  . The top end thereof is sealed with an annular 

cap 52, and the b t t m  end is sealed with a cap 50. Each of the caps my be 

ccmbind w i t h  the upstream f i l t e r  by means of a twist-lock, an O-ring, and/or 

1.0 a thread. However, de-g on the required degree of purification, the 

f i l t e r s  my not be mechanically ccmbined together and the wstream f i l t e r  34 

my  merely cover the downstream f i l t e r  36. Along a t  least the inner side of 

the f i l t e r  kdy 48 among the inner side and the outer side, rigid supprt 

cylinder(s) having a rnrmber of circulatory holes 56 is provided. Q-L this 

15 a k d i m e n t ,  along both surf aces of the f i l t e r  h3y 48, the rigid outer s u p p r t  

cylinder 54 and the rigid inner wrt cylinder 62 are provided, and the top 

and bottom ends of the cylinders are integrally ccmbined t o  the caps 52 and 50, 

respectively. On the cap 52, a f i l t ra te  outlet 60 is fomted having an O-ring 

for air-tightly or liquid-tightly fixing the downstream f i l t e r  to the hausing 

20 70 (Fig. 3) . The outlet is connected t o  the inside of the inner mgprt cylinder 

62. 

The circumEerence of the cap 50 has tim twist-lock groavt3s 58, each of which 

accanrcdates the projection 46 of the upstream f i l t e r  34. The intrcduction part 

of each of the twist - lock gmmes 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 projectian 46 when the upstream f i l t e r  is rotated. 

In Fig. 6, the inner dow~~tream f i l t e r  36 is in the middle of the insertion into 

the outer upstream f i l t e r  34. These tim f i l te rs  constitute a f i l t e r  element 

30. They are installed into the predeterminedpsition, and the projections 

30 46 of the upstream f i l t e r  34 are inserted into the twist-lock q v e s  58 of 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 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. The top end thereof is sealed with an annular  cap 52, and
the bottom end is sea I ed with a cap 5 0. Each of the caps may be  combined with the upstream filter
by means of a twist-lock, an 0-ring, and/or 10 a thread. However, depending on the reqLared degree
of purification, the  filters may not be mechanically combined together and the -upstream filter 34  Tray
merely cover the downstream filter 36. Along at least the inner side of  the filter body 48 among the
inner side and the outer side, rigid support  cylinder (s) having a number of circulatory holes 56 is
provided. Tn this 15 enbodiment, along both surfaces of the filter bcdy 48, the rigid outer support
cylinder 54 and the rigid inner support cylinder 62 are provided, and the top  and bottom ends of the
cylinders are integrally coiTbined to the caps 52 and 50,  respectively. On the cap 52, a filtrate outlet
GO is formed having an 0-ring  for adr-tightly or liquid-tightly fixing the downstream filter to the housing
20 70 (Fig. 3) . The outlet is connected to the inside of the irmer support cylinder  62. The
circumference of the cap 50 has two twist-lock grooves 58, each of which  accomiodates theprol ection
46 of the upstream filter 34. The introduction part  of each of the twist- lock grooves has a wide
opening which accepts the proj ection 2S 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 inner downstream filter 3 6 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-lcck grooves 58 of the 



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 corr~bined at the determined position. Except the initial installation, the 

upstream filter 34 and the downstream 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 fine 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 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 outlet 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 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 .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 

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 and the downstream
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 fine 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 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 outlet 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 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 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



flows directly around the downstream f i l ter  34, but depnding on the purpose, 

this is allowable. If necessary, O-rings can be placed between the d a r  caps 

44 and 52, and between the annular caps 42 and 50, in order to prevent the 

f omt ion  of bypass, as mentioned abwe . The semi-£ iltrate that has been passed 

5 through the f i l t e r  bocty 38 i s  then passed through the f i l t e r  kdy 48 of the 

downstream f i l t e r  36 and further purified. 'The fil trate flows into the h e r  

porous ~ r t  cylinder 62, and exits f ran the f i l tmte  outlet 78 of the housing 

head 74. Clogging of the downstream f i l t e r  34 i s  not likely to occur, while 

clcgging of the upstream f i l ter  36 occurs easily. Therefore, the flow rate of 

l o  the fil trate is measured while watching clogging of the upstream fi l ter  34, and 

when the upstream f i l ter  34 is considered to have been clogged, the flow is 

paused and the housing bowl 71 is ramved to replace the upstream fi l ter  with 

fresh one. In order to facilitate the replacement of the f i l t e r ,  the housing 

70 and the hausing head 74 a-e engaged together via an O-ring, and the internal 

15 thread of the fastening ring 72 is screwed into the e x t d  thread of the 

housing head 74, thereby allowing the -site end of the fastening ring to urge 

the housing against the edge of the housing head 74. 

Ekpr iments  were carried out using the f i l ter  element and the f i l ter  

device of this mibdiment. A s  a f i l ter  bodty of the upstream fi l ter ,  a 

20 five-layered rol l  f i l ter  obtained by rolling up a mn-mven sheet mde of PP 

(polypropylene), having a film thichess of 380 p, and weight of 110 g/m2 and 

the air-permeability of 0.36 sec was used, and as the f i l t e r  body of the 

downstream f i l ter ,  Microgard Plus (10 inch, the pore diameter of 0.05 p, 

marnzfactured by Mykrolis Corporation) in which a membrane made of 0.05 ~ ] m  UHMWPE 

25 (ultra-high mlecular weight polyethylene) was used. As a testing fluid, water 

containing 500 ppn of AC fine test dust was used. The filtration was conducted 

a t  thepressuredifferenceof 55kPa. ~eloweringofthefiltratimperformance 

of the upstream f i l t e r  due to the clcgging was measured, and imnediately before 

the clogging, the -=tion was paused. The upstream f i l t e r  was replaced by 

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

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 and 50, in order to
prevent the  formation of bypass, as mentioned above. The semi-filtrate that has bean passed 5
through the filter body 38 is then passed through the filter 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 of the housing  bead 74. Clogging of the downstream filter 34 is not likely to occur, while
clogging of the upstream filter 36 occurs easily. Therefore, the flow rate of 10 the filtrate is measured
while watching clogging of the upstream filter 34, and  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
bead 74 are engaged together via an O-ring, and the internal is thread of the fastening ring 72 is
screwed into the external 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 f ilter 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 thickaess of 380 pn, and weight of 110 ghr~ 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 ~n,  manufacturedby Mykrolis Corporation) in which a membrane made of 0. 05 ~n UH,4WPE 25
(ultra-high molecular weight polyethylexie) 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  
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filtration- cactedwiththreereplacements and four 8-minutesoperations, 

and the total amount of filtrate was 3.5 times as much as the amount whm only 

one filter is used. When the cornrentid disposable filter element is used 

and filtration is operated four times, four filter elements are required, i . e . 

5 thearnomttobefilteredwillbefourtimesasmuchasthemmtwithonefilter. 

Therefore, when the filtration is canltucted four times, the filter element of 

the present invention can attain approximately 87 % of the amount of filtrate 

using the conventional filter element (3.5 times / 4 times) , though with respect 

to the mmker of downstream filters, only 25 % of the conventional filter is 

l o  required (1 downstream filter / 4 filter elements) . Especially in the case of 

, the downstream filter in wbich an expensive fine rnenibrane is used as a filter 

bdy, the present invention is effective. 

In addition, the present invention is advantageous in that, by preparing 

various kinds of qstream filters 34 and downstream filters 36 and cmbining 

u those, various filter element can be &'caked depending on the purpose. 

Vxious mdificatians can be made in the scope of the present invention. 

In the embdiment of the present invation, the upstream filter 34 is placed 

outside the downstream filter 36. However, mdif ication can be mde by properly 

changing the flow mute and the downstream filter m y  be placed outside the 

20 upstream filter. 

In the mitmdiment of the present invention, an O-ring is provided on the outlet 

60 of the downstream filter 36, for fixing the downstream filter to the housing. 

However, the downstream filter can be connected 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. 3% this case, the downstream 

filter is disposable. 

Ftr ther  in the enribodiment, the upstream filter is loosely connected with the 

downstream filter, and bypassing to the downstream filter may occur, though the 

armmt is d l .  To block the bypass, a disk-shape cap can be used to seal the 

30 b t t m  end of the upstream filter 34, instead of the annular cap 42, or O-rings 

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 was 3.5 times as
much as the amount when only  one filter is used. When the conventional disposable filter element is
used  and filtration is operated four times, four filter elements 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
conducted four times, the filter element of  the present invention can attain approximately 87 0-. of the
amount of filtrate  using the conventional filter element (3. 5 times / 4 times) , though with respect  to
the number of downstream filters, only 25 P6 of the conventional filter is 10 required (1 downstream
filter / 4 filter elements). Especially in the case of  the downstream filter in which an expensive fine
membrane is used as a filter  body, the present invention is effective. In addition, the present invention
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 an 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 downstream filter may be placed outside the  20
upstream filter. In the embodiment of the present invention, an O-ring is provided on the outlet  60 of
the downstream filter 36, for fixing the downstream filter to the housing.  However, the downstream
filter can be connected using only the O-ring. In this  case, it is simply a tight-fit. Depending on the
situation, the downstream 2S 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 connected
with the  downstream filter, and bypassing to the downstream filter may occur, though the  



can be placed around the caps 42 and 44 as mentioned a v e ,  so tha t  the spaces 

between the caps 42 and 50, and between the caps 44 and 52 are sealingly closed. 

In an another modified enkdirnent, a group consisting of plurality of the 

upstream f i l t e r  and a group consisting of plurality of the downstream f i l ter  

5 areprepred, andacanbhtionof theupstreamfilterandthedownstreamfilter 

can k properly selected depending on the pupose . E o ~  f i l ters  can be fixed 

to  the same sealing cap. In this case, the upstream f i l t e r  cannot k replaced, 

thus it is disposable type. However, a canbination of the upstream f i l t e r  and 

the downstream f i l t e r  cmpsing the f i l t e r  element of the present invention is 

l o  prcperly selected. depending on the purpose, which pmvides advantages in that 

various kinds of f i l t e r  device having designated purpose can be attained 

effectively. 

By using the f i l t e r  element and the f i l t e r  device having the above-mentioned 

features, long-term usage of the downstream f i l ter  beccmes possible, which has 

1.5 been impossible w i t h  one comentional housing. In addition, a group of the 

upstream f i l t e r  and a group of the downstream fi l ter  is prepared and, tm fi l ters  

each selected f m different group aye used in canbination. A s  a result, a user 

or an installer of the f i l ter  canprcrperly select the f i l t e r  canbination and 

the f i l t e r  can be replaced. a t  any time. 

20 It is also possible to render additional property to an upstream fi l ter ,  such 

as ion m v i n g  ability. 

BRIEF DESrnPTION OF THE DRAjSINGS 

Fig. 1 shows a partial cross-section of a f i l ter  device having a c o ~ t i o n a l  

25 f i l t e r  element. 

Fig. 2 shows a specific phase diagram showing a conventional f i l t e r  device 

having a conventional filter element. 

Fig. 3 shows a longitudinal section of a f i l ter  device into which a f i l t e r  

element of the present h t i o n  is fixed. 

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

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 so, and between
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 on the purpose. Both filters can be fixed  to the same sealing cap. In this case, the
upstream filter cannot be replaced,  thus it is disposable type. However, a combination of the upstream
filter and  the downstream filter composing the filter element of the present invention is 10 properly
selected depending on the purpose, which provides advantages in that  various kinds of f ilter 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  is 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 cambination. 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 DESCRIPTION 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. 
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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 perspective view of one embodiment of the present invention in which 

the filter elements are cornbined. 

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 Vlll - VIII in Fig. 3. 

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

threaded filtrate o ~ ~ t l e t  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, 52 cap 

54, 62 support cylinder 

56 circulatory hole 

60 outlet 

58 twist-lock groove 

35 64 grommet groove 

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 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 Vill -Vill in 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,
52 cap 54, 62 support cylinder  56 circulatory hole 
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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 downstream filter have cylindrical shapes such that 

the downstream filter is received within an interior of the upstream filter, wherein radially 

outer edges of the top and bottom end caps of the downstream filter are in respective 

contact with radially inner edges of the top and bottom end caps of the upstream filter, 

wherein an upper 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 edge of the bottom end cap of the downstream filter 

includes a twist-lock groove consisting of an axial groove and a circumferential groove 

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 filter. 

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. 

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 downstream filter
have cylindrical shapes such that  the downstream filter is received within an interior of the upstream
filter. wherein radially  outer edges of the top and bottom end caps of the downstream filter are in
respective  contact with radially inner edges of the top and bottom end caps of the upstream filter,
wherein an upper 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 edge of the bottom end cap of the downstream filter  includes a twist-lock groove
consisting of an axial groove and a circumferential groove  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 claiml wherein the end caps of said
upstream  filter are loosely fit together with the end caps of said downstream filter. 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. 


