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-1- 2233579 GAS FILTER ELEMENTS This invention relates to gas
filter el enents useful for renoving fineyparticles of foreign matter in _
gaseous fluids. I'n this connection, there has been known in the %253579

i quid:Tilter el ement as di:sclosed in US Patent 4,501,663, which is
conposgs¥of a plural number-of thin disk-like units each having filter
menbranes fixedly bonded-on;both sides thereof and being connected
successively in a spaced refation in the axial direction, fornming liquid
i nduction channel s between the oppess NEriteg oF nes of adjacent units.
The filter element of this sort, low ng into the
channel s- between the adjacent units is passed through the filter menbranes
of arelatively large area on the opposite sides of each liquid induction
channel , has an advantage that the elenent can afford a relatively |arge
filtration area conpared with its entire volume. However, in order to
secure sufficient strength of the filter nmenbranes, it has been the general
practice to fixedly bond the nenbranes not only to the nount portions at
the inner and ouffdiSHeinyeRtirncygdates tie gas dbilter elementsausmfyd for
nunber of ribs which are provided in closely -2- spaced rel ation between
the inner af@@ART MR BRFEiIGIesof Horpign matter tin gaseoust Ekaidap
for bondage between a filter nmenbrane and a

In.this connectioﬁ, there has been known in the art a liquid
filter element as disclosed in US Patent 4,501,663, which is
composed of a plural number of thin disk-like units each having
filter membranes fixedly bonded on both sides thereof and being
connected successively in a spaced relation in the axial
direction, form:i:ng liquid induction channels between the opposing

filter membranes of adjacent units.

_The'fiiter element of this sort; in which the liquid flowiné
into the channels between the adjacent units is passed through
the filter membranes of a relatively large area on the opposite

\J sides of each liquid induction channel, has an advantage that the
element can afford a relativeiy large filtration area compared
with its entire volume. However, in order to secure sufficient
.strength of the filter membranes, it has been the general
practice to fixedly bond the membranes not only to the mount
portions at the inner and outer peripheral edges of the holder

but also to a large number of ribs which are provided in closely



2 s

hol der usually anmpbunt to an uni.gnorably | arge proportion of the area of the
filtration nenbrane as a whole, resulting in a material, reduyction in 5 t
the effective filtration area oflthe menbrane. Presumabl y, such a reduction
is as large as 15%or nore in nost cases. Further, in a case where Egggggﬁ _
the hol der is dissolved by the use of a solvent or where an adhesiv€ ¥s. -
applied to a large nunber of ribs, it is required to bond the filter S

nmenbr anes t he | d 1 ..carefully. since lication, of
excess ve SRS ToRtid BERPSeN Yan ioBREEnA ¥t PoRRE PRt 8 tng ol
menbranes. There is also a problemthat, unless the bonded portions are
dried to aT!é%g?H:]i aFR2 fRken o fqr bondage betyeen @ Hiter RembEIRANAIR (1 ate ¢
fluid since the solvent would be entrained into the filtrate while passing

t hrough t HeoXder: @guaily amoupthan UnigneERb1N 12RMS RFPRRELiPRafthe aprame it

Is desirable to fix the nmenbranes to a holder by therpal fusion bonding,

whi ch i s hdwefidtrationamsshragiefds a(#holee negpliingoin aaatenibdgeeduthionina
menbrane and a | arge nunber of closely spaced ribs in view of the problem

of patti altideffectize filhnationcired gfittheanembrianet hBrésumadlyeubhanes. The
present inventors have conducted a research with a view to devel oping a gas .
filter usirgiuttion i€ aslatgends 16% bromdre @ nost (dagkson area as nentioned
her ei nbefore, and found that, in case of filtration of gaseous fluid, the

bondi ng of a fil FereHEr)inad@abe vherdSirt o RRE H1akkhis BBse1vY H9'eHeaN be

di spensed with by formng the respective ribs into an appropriate shape.
use of a solvent or where an adhesive is applied to a large number of ~—
| | &/

|

ribs, it is required to bond the filter membranes to the holder very
10 carefully since application of an excessive amount of solvent or
adhesive might block the 'bﬁres in the'membranes. There'ié'also a
problem thét, unless the bonded portions are dried to a sufficient
degree, it is. difficult to obtain a clean filtrate fluid since the solvent
would be entrained into the filtrate while passing through the filter
15  element. |
In order to eliminate these problems, it is desirable to fix the
membranes to a holder by thermal fusion bonding, which is hoﬁever G
extremely difficult to apply to the bondage between a membr;ane and a

large number of closely spaced ribs in view of the problem of partial

20 | meltdown which might occur to the filter membranes.

The present inventors have conducted a research with a view tb

developing a gas filter using a filter element with a large filtration



5 Nanely, in case of filtration of a liquid, it is necessary to

I ncrease the strength of the filter nenbrane by securely bonding sane to a

| ar ge nunber of c1ose|y spaced ribs -on a hol der because of the nature of

the |iddfrd which produces a | arge back pressure and a back flow upon
stoppimg“the liquid flow. In this regard, i has been confirned that, in 10
case of gas filtration which involves far | I er back pressures and back
flows as conpared with the liquid filtration there is no need for bonding a
filter menbrane to a | arge nunber of ribs as |ong as nmeasures are_provided
to cope with the ri58A%BRHIRGE MATeiBRRFOIPs BRY: thajy inngagq pf £iltration of
memaranes with and fromthe ribs on the holder. 15 The present

i nventi on has beersagenhs\fadid rthehbondivigsobHp fihber menbriinegto airicdeapunber p§ ribs -
object the provision of a gas filter el enment conposed of a nunber of filter
uni t's each suppor tdmg Haldeercamebd dispensed with bpfosning theleespéctdviaaiberinto an
whi ch has a | arge nunber of ribs in an internmediate portion between inner
and outer peri pherayproggiste sHupe20 filter nmenbranes being bonded to the
hol der only at nount portions at the inner and outer peripheral edge

portions thergeof, w thoulaneagssfiidasei sl0seFEE0A dPatliQui@idCishdduisadl tol bS
in the internediate portion of the hol der. 4 The present invention

provides a gas filih8FeddeCtld bt FHTASSH tRE f@lb@r%élﬁﬂifa)ﬂe?ﬁﬂ‘é@bﬁéeﬁaﬁ@nmw %e to

filter menbranes bonded to the opposite sides of a flat holder with a

center opening anq fl hynSANBEChELe1 bfadeRf Dl B2 hOLdeY HobdlldeUSP tnd%ature

channel s .
\J of the liquid which produces a large back pressure and a back flow upon

stopping the liquid flow. In this regard, it has been confirmed that, in

10 case of gas filtration which involves far smaller back presysures and back
flows as compared with the liquid filtratibn', there is no need for
bonding a filter membrane to a large number of ribs as long as measures
are provided to cope with the repeated engageﬁent and disengagement of
the fiitér membranes with and from the ribs on the holdex:.'_

15 " The present invention has been achieved on the basis of these
fin-dings, and has as iﬁs object the provision of a gas filter element

’ composed of a number of filter units eact; supporting fiiter membranes on

the opposite sides of a holder which has a large number of ribs in an
intermediate. portion between inner and outer peripheral edges, the

20 filter membranes being bonded to the holder only at mount portions at
the inner and outer peripheral edge portion§ thereof, t;ithout
necessitating bondage to the large number of ribs in the intermediate

portion o: the holder.
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bet ween opposing filter nmenbranes of adjacent units with the center
openi ngs of the respective units in communication wth each other in the ’
axial direction, characterized in that: each said holder is-provided<with a
center opening defining an axial gas passage for effluent filtrate ¢ ’ﬁ_an
annul ar joint portion forned around said center opening and connecté&d t.0 an
adj acent unit in a spaced relation in such a nmanner as to forman influent.
gas channel between connected units and to comuni cate said center openings'
of the connected units axially with each other, an annul ar inner nenbrane
mount poThéegprésentdinventios prbyidier apgasti Hhalvereabémentecofipesed hol der
and having inner peripheral portions of said filter nenbranes thermally

f ustHnabpiurdltiftar etfo uit®ueach nhavingefidter pembrandgsreerded tach side
of said holder along the outer perlphery t hereof and having outer :
per thaeprpPogdite *3 afia filptehalsian dnbkh t AcFRALEY QRSINGORBEJ
thereto, a partition plate connectlng sai d inner_and outer nount portions

Wi tExea%yOFﬁene%daM ;S}"'(S\ﬂ 4&® iEP T YN IBTH FRRAEHSsi de of
hol d d h adual | hi d
an bePeeeBn PRROSING 2#‘&%& heiatied) of aPDACF S TP EEg t;f%gsst?m |
def db o] I d t 'y
PocSaEer, dnchineR 8, EpeotRariat A in e O SRR 0 IEhT i 5
hol ggghbxthg_ M8 the fHSLN M@é‘ﬁbﬁ’”'é’hﬁa&@éﬁé&&einaﬂﬂaﬁ“t er mount

portrons
each said holder is provided with a center opening defining

o
an axial gas passage for effluent filtrate gas, an annular joint -
portion formed around said center opening and connected to an
adjacent unit in a spaced relation in such a manner as to form

an influent gas channel between connected uniﬁs and to
communicate said center openings of the connected units axial¥y"
with each other, an annular inner membrane mount portion formed
around said joint portion on each side of said holder and having
inner peripheral portions of said filter membranes thermally
fusion bonded theréﬁo, an outer ﬁembrane mountlportion formed on -
each side of said holder along the outer periphery thereof and \_}
having outer peripheral portions of said filter membranes
thermally fusion bonded thereto, a partition plate connecting

said inner and outer mount portions with each other, parallel

ribs provided in spaced relation on each side of said holder and

each having a gradually diminishing width in.section toward an

outer end with an arcuate surface distal said partition plate,

gas flow passages defined by said ribs, and gas flow ducts
éommunicating said passages with said center opening;

said filter membranes are fixed to said holder by thermal



said units are’securely connected with each other by thermal fusion bonding
at said joint portions. Preferred enbodi ments of the present invention

al low the foll owing objects to be achieved: To provide a gas filter el ement
whi ch s constructed to prevent easy danmages to filter menbranes which

m ght ®&&herw se occur when the nenbranes ar@ repeat edly brought into and
out of engagenent with the ribs on a holder as a result of pressure
fluctuations upstream or downstreamof the filter elenment. To provide a gas

filter el enephsbaNi BnkihbehnibREANEIALIRARY BRaTolRRAChoARLY pBL-eTBAL Bha

portions at the rnner perlp era ges o I'n Suc
way as to incr eas§aiaeuﬁi‘lf:§(\éfé/ Sdurldid} coRndbeealiith ed A idtdyy by thermal

el iminating the bonded areas as necessitated for fixation of the fil

menbers to afhei€R BEAB&hgOht! sA3dOHoiRe porddlonslo provide a gas fi I ter
el erent having filter menbranes bonded to a holder only at mounting

portions at the inner and outer peripheral edges of the holder in such a
way as to facilitate the fixation of the menbranes to the hol der by
substantial |y el i Rrefierngdt lemboghiceohtss caf thenpresentatiotvdnridn xallow dhe
the filter nenbranes to a | arge nunber of ribs on the hol der. 6 To
prOV|de a gafollevingepbientshiei bg kichievedsnbr anes

To provide'a gas filter element which is constructed to

p prevent easy damages to filter membranesnwhich‘might otherwise
occur when the membranes are repeatedly brought into and out of
engaggment with the ribs on a holder as a result of pressure

fluctuations upstream or downstream of the filter element.

To provide a gas filter element having filter membranes
“bonded to a holder only at mounting portioné at the inner and
outer peripheral edges of the holder in such a way as to increase
the effective filtration area by substantially eliminating the
bonded areas as necessitated for fixation of the filter membefs

-/ to a large number of ribs on the holder.

| To provide a gas filter element having filter membranes
bonded to a holder only at mounting portions at the inner and
outer peripheral edges of the holder in such '‘a way as to
facilitate the fixation of the mémbranes to the holder by
substantially eliminating the bonded areas as necessitated for
.fixation of the filter membranes to a large number of ribs on the

'holder.



bonded to a holder only at nounting portions at the inner and outer
peripheral edges of the holder in such a way as to permt thermal fusion -
bondi ng or head-wel ding of the holder and menbranes in a facilitated ...
~manner. To provide a gas filter elenent which pernits fusion bonding; ¢
heat -wel ding of filter menbranes an® a hol der as well as uItrasonTe;&é%dTng
of the respective units of the filter elenent to preclude entrai nnent of . a

solvent into filtrate gas as experienced in operation in case of affi I tgr

I ' .gdhesi . like. Durin h ti
A O R R N R e LR I K
Par i oo 8" RLIRCSUIGIANCES hBuRrOR3 PRLENARS diead NipRducedd O

out si I'nto s chann ween e respective.units are

rerr%\(&% é‘ﬁitgé’éal | oY% p 08s t yeer .t 4 .
t hr oug _lflﬁ)eé ITter %e%%?%éngéfo%ﬂtéhgag%%%s%eéélégeg g??t%% %c?l ggrrl,ﬂlla%?\d the
cl eathdrmd T alfitsn f IvupRa iy Oudh SR d W BRRY { UEeS thet fidaldR:C ey

openi ng which leads to a gas outlet. The filter nenbranes are pressed

againiitbrdifed | i PyrdbLl peateqecnadnerand repeatedly brought into and out of

contact with the ribs. However, damages to the menbranes are suitably
prevented since the tip ends of the ribs are rounded into an arcuate shape
i n section. Besi des, the gas can be filtered al nbst over the entire area

"~ of each rMEniprmvddeea@agas. fhtterbslement which permits fusion bonding
or heat-welding of filter membranes and'.a holder as well as
ultrasonic welding of the respective units of the filter element &/
to preclude entrainment of a solvent into filtrate gas as
experienced in operation in case of a filter element using an

adhesive or the like.

During the operation of preferred embodiments of filter
element constructed according to the invention, fine particles
of foreign substanées in a gas which has been introdﬁced from
outside into the influent gas channels between the respective -
units are removed as the gas flows 'into the gas flow passages -
between the ribs through the filter membranes oh the opposiﬁe_
sides of the holder, and the clean filtrate gas flows through gas
flow apertures into the center bpening which leads to a gas
outlet. The filter membranes are pressed against the ribs by the
gas pressure and repeatedly brought into and out of contact with
the ribs. However, damages to the membranes are suitably
prevented since the tip ends of the ribs are rounded into an

arcuate shape in section. Besides, .the gas can be filtered

almost over the entire area of each membrane because the ribs and



7 filter nmenbranes are not bonded to each other and the outer ends of the
ribs are tapered to mnimze their areas of contact with the nmenbrane,

securlng a largef efflective filtration area to pernmit a greater gas flow
rate. “®he invention is hereinafter describ nore fully by way of exanple
only , uth reference to the acconpanying drawings in which:- Fig. 1is a

fragmentary fH&%’éxV it anis %@ﬁb@ﬂ&n&&dhﬁbdéé?ﬁ ObtHEf dfd B odtéds eénds

el ement according to the invention; Fig. 2 is a fragnentary back view of

the same holgerhediribs? adittl thptired ¢ midmide Whedlr ATRBGH BIHtLEt with
filter elenment incorporating the Fig. 1 holder taken on lines A-A and B-B

of Fig. 1 reheeahémibranefi gecuriingarn eDhpg@ed effeictive fiktrationbarea tte
Fig. 1 holder; Fig. 6 is a half-sectioned view of an enbodi nent of filter
el enent accpesimid: teo grteatiew ayas dilowmnrattey. 7 is a hal f-sectioned vi ew of
an enbodi ment of filter casing for acconmodating-the filter element of Fig.
6. Referring to Figs. 1 to 4, there is shown one unit of a filter elenent 1
which is used by connecting a suitable nunber of units as illustrated in
Fig. 6. The fil (Ihe dndentiion iis bexpdvafter QeFFF#PFdUHPFeaggé%ﬁlVngaY of
f.ormed by alternate % coupling . units 2A and 2B in the axial ,direction,

ang
a support % pr Yilh: refenence £ntRe aFcouPRR¥ARY fi&‘atwgs in
opposite aX| % %nds of the units assenbly 3.

F:Lg. l1isa fragmentary plan view of an embodiment of holder
fof use in a gas fllter element according to the invention;

FJ.g. 2 is a fragmentary back view of the same holder;

Fig. 3 and 4 are sectional views of an embodiment of filter
element incorporating the Fig. 1 holder taken on lines A-A and
B-B of Fig. 1 respectively}

Fig. 5 is an enlarged sectional view of ribs on the Fig. 1
holder;

Fig. 6 is a half-sectioned view of an embodiment of filter
element according to the invention; and.
i~; | Fig. 7 is a half-sectioned view_of an embodiment of filter
casing for a_c:compodating.the filter element of Fig. 6.

Referring to Figs. 1 to 4, there is shown one unit of a
filter element 1 which is used by connecting a suitable number
of units as illustrated in Fig. 6. The filter element 1 is
composed of a filter unit assembly 3 formed by alternately
coupling units 2A and 2B in the axial direction, and a support
member 4 and a protective plate 5 which are attached to the

opposite axial ends of the units assembly 3.



8 As seen in Figs. 3 and 4, the.units 2A are each provided with a flat

di sk-1ike holder 7 and a pair of filter nmenbranes 8a and 8b which are .
secured to the opposite sides of the holder 7 by thermal fusi on bondi ng.

The filter nenbranes are the so-called nenbrane filter, typically

flexible synthetic resin sheét (e.qg. polytetrafluoroethylene;%%f
about 0.1 mmin thickness containing a nultitude of pores of about 0.2

[err] in dianmeter. For exanple, Goatex Menbrane (a tradenane of Japan |

(Coatex) b SUidAOle £0LslNS Cild of, MEMDIanees A8 SUAMEAdh FhgSyideho 4

each hol I'S provide a denter opening 10 to cond rate gas
f1 ogg i nat E?L?%Xlii%kd-'lrﬁc%t h8 d% §hgng0anss1 #lok "t { Pref MehBEah@kNEaPOr Li ORS

1la an ormed around t e center opening .10 on the opp05|te si des of

t heafal @w whidtil FO] £660PEAT ot bReavppbsitecsliaes o fipe thovakpehol der
with other unit or units wth the respective center openings 10 in

conpynitharmal Hudicrmdormiirey., i nner nount portions 12a and 12b provided on
the outer sides of the joint portions 1la and 11b for fusion bonding

thereto inner peripheral portions of filter nenbranes, outer annul ar nount
portions 12a and 13b provi ded along the outer periphery of the holder for
fusi on b&heéi nfilterr sephyanes pare phbealsguralled sembrane fibkbempes, a
partition plate 14 connecting the inner and outer _
typically a flexible synthetic resin sheet (e.qg.,
polytetrafluoroethylene) of about 0.1 mm in thickness containing
a multitude of pores of about 0.2 u m in diameter. For example, o/
Goatex Membrane (a tradename of Japan Goatex) in suitable for the

filter membranes.

As shown in Figs. 1 to 4, each holder 7 is provided Qith a
.center opening 10 to conduct filtrate gas flows in the axial
direction of the connected units, annular joint portions 11a and
11b formed around the center opening 10 on the opposite sides of
thefhelder 7 and projecting in the axial direction for joining:
the holder with other unit or units with the respective cehter T
openings 10 in communication with each other, inner mount
portions 12a and 12b provided on the outer sides of the joint
portions lla and 11b for fusion bonding thereto inner peripheral
portions of filfer membranes, outer annular mount portions ‘12a
and 13b provided along the outer periphery of the holder for
fusion bonding  thereto  outer peripheral portions of filter
membranes, a partition plate 14 connecting the inner and oﬁter
mount portions, a large number of ribs 15a and 15b of

substantially triangular shape in section provided in closely



mount  portions, a large nunber of ribs . 15a and 15b of
substantially triangular shape in section provided in closely 9 spaced
rel ation on each’side of the holder between and concentrically with the

i nner 2md outer- nount portions, and a nultgtude of gas fl ow passages 1l6a
and 16Mef ormed between the respective ribs” As seen in Fig. 5, the ribs 15a
and 15b have a sectional shape which is gradually tapered toward the outer
end and which termnates in an arcuate surface of small radius at the outer

tip end. lgp&gggcgéga%fiohh%rpgaghcg' e SRR 1AW Hdthed dhd> nMmin

hei ght and mmin radius of curvature of the arcuate surface at

the outer tigneaftigalngiwith ihé PhhéP @hdOohted mdurtnporeionsbl wnd &
nm~ |f the radi'us of curvature becones smaller than that range, the

possi bi i t ypgitdegae F tdws f £Lowr paBBhgaBel 68a andl 1ib vibiméd cbatweenattire
as they are pressed against or repeatedly brought into and out of contact
with the tipespéetivet Rdbg.bs. On the other hand, a radius or curvature

| arger than the above-stated range is reflected by an i ncreased area of
contact with the filter menbrane and thus by a reduction is effective
filtration area. The partition plate 14 is provided with a nunber of
radi al |y al i gnedAspeeen cbn 1Bigi Begbhgr ribsed5a and Wb HAVARea sectional

circunferential gas flow passages 16a and 16b on the opposite
shape which is gradually tapered toward the outer end and which

__terminates in an arcuate surface of small radius at the outer tip
\_ end. In the case of. the particula; exampie shown, ribs of 0.35
| mm in height and 0.1 to 0.3 mm in radius of curvature of the
arcuate surface at the outer tip end are provided in a pitch of
0;1 to 1.5 mm, preferably 1.3 mm. If the radius of curvature
becomes smaller than that range, the possibility of damaging the
filter membranes 8a and 8b will become greater as they are
pressed againstlor repeatedly brought into and. out of contact
with the tip ends of the ribs. On the other hand, a radius or
curvature larger than the above-stated rahge is reflected by an

increased area of contact with the filter membrane and thus by

a reduction is effective filtration area.

The partition plate 14 is provided with a number of radially
aligned apertures 18 at regular intervals to allow the.
circumferential gas flow passages 16a and 16b on the opposite
sides of the holder to communicate with each other. On the side
of the ribs 15b (on the rear side) and at a number of
‘circumferentially spaced positions, the partition plate 14 is

provided with three ribs which have the same height as the ribs



sides of the holder to conmmunicate wi.ith each other. On the side of the ribs
15b (on the rear side) and at a nunber of circunferentially spaced
positions, the partition plate 14 is provided with three ribs which have

t he same height as the ribs 10 1%0 Between the three radial ribs 194 the
circunferential ribs 15b are onmtted to provide a couple of radial -ga%flow
passages 20. These radial gas flow passages 20 are communicated with the -
circunferential passages 16a on the opposite side of the holder through a

| ar ges hunBeétweéns ehendhgae apAial edbsdl 1bqr b iciridumfersangesl Miband at
the sane tinme communicated with the center opening 10 through third gas
aperlsbearé’omitted tenpraivide]iaocouple afglradiade gass flowy pyesdgees 18, .
21 and 22 and the radial gas flow passages 20, the circunferential gas flow ;
pass2@es TMtesemiadbsl agascHiiowrpassagesi2t are conmunicaked ity tHéae o
filter menbranes 8a and 8b are securely attached by fusion bonding to the

i nnefingunfepentieds passagas 1A aNd the apposite fide @t ithe haldend 13b
in the inner and. outer peripheral portions of the holder, the internediate
por t FRRQuUEh ahdaxgry nimbers 21, feoond, gagy apexiiures ¢l PR Hen rER8 154
and 15b without fixation to the |latter. Alonﬂ,migh the uQﬁtantiaH

tri PREPaTesSecelirofid e rSae FiBe ¢eumURicased Wik tFeBEREs to

increase.the effective filtration area perqitting to filt a gas_t hrough
al moSPSRABI oY {EF QPR 1Te GRS ARfriREes 22 1n the ‘centzal regitns.
Through these gas flow apertures 18, 21 and 22 and the radial gas
flow passages 20, the circumferential gas flow passages l1l6a and Q}

16b are communicated with the center opening 10.

The filter membranes 8a and 8b are securely attached by
fusion bonding to the inner mpunf-portioné 12a and 12b and the
outer mount portions 13a and 13b in the inner and outer
peripheral portions of the holder, the intermediate portions of
the membranes 8a and 8b being simply abutted on the ribs 15a and
15b without fixation to the latter. Along with the substantially

triangular sectional shape of the ribs 15a and 15b, this

O

contributes to increase the effective filtration area permitting
to filter a gas through almost the entire areas of the membranes
8a and 8b, and to facilitate their fusion bonding or thermal
welding to the holder. The fusion-bonded filter membranes are
free from the problem.to entrainment of residual solvent in the'

filtrate gas as experienced with the adhesive-bonded membranes.

The annular joint portion 1la on the holder 7 has a

thermally fusible joint portion 23 of sectionally triangular



8a and 8b, and to facilitate their fusion bonding or thermal welding to the
hol der. The fusi on-bonded filter nenbranes are free fromthe problemto
entrai nment of residual solvent in the filtrate gas as experienced with the
adhesi Ve- bonded nenbr anes. The annul ar 10|?§ portion 1l1a on the holder 7
has a rhérnally fusible joint portion 23-of sectionally triangular shape
iintegral ly attached thereto for engagement with a correspondi ng coupling
menber on the filter unit 2B. The joint portion 23 which is fu5|ble by
application at C he u t

Hapeal i RELYFE ?1]'196 aeRachel ldrletlo Utdr Qe@!agaél%e respectuv%

Upon j oi ni ng a nunber o units at the jolnt portio

filter Um‘1bé¥fb§$6ﬁﬁﬁﬁb'éoﬁﬁflﬁé'ﬁémﬂéfeéﬁ'Qﬁefﬁiﬂtéﬁ 8Rit PBOW PRS joint
channel 25 between the opposihg filter menmbranes of adjacent units and

communi cat i rsptior epservhdeaNi Igsrakibie s RasHlvcatitn Sop heataEewde! to
Spacer nenbers 24 projecting on the front and rear sides of the holder 7
are provi deccarinectiuther fdflteasiundbster amnchdjarcentt ainpes i plipon ofoiming a
hol der 7 to maintain the gas 5 i nfl ow channel s 25 between the filter
menbr anes ofnuwbarenf FHiltervenitbeatt thanjeinApenttidBsar dhienctespective
some reason. The filter unit 2B has the sanme construction as the above-
descri bed fifikkexymnits aneadignes 1n theramial dirgahienc §eradnongn inflow

gas channel 25 between the opposing filter membranes




3

portion 23 is formed on the joint portion 11b as indicated by a chain line
10 in Figs. 3 and 4. Wen connecting these filter units 2A and 2B *
with each other, the front sides or the rear sides of the units are .
positioned in face to face rel atlon,%and ul trasonic wave is applied {o the
fusi bl e connecting portion 23 to weld the opposing joint portions 11 7or
11b to each other, 15 communi cating the center openings of the
respective units in the axial direction. A suitable nunber of filter units
are connectEAdiceRt aniksARA qopmBicating ?lea"c'ﬁ“'iﬁr PPERIBGS Rf the3. As
ment i oned herei nbefore, the thermal fusion bonding or heat welding of the
filter unirespecting lx!Btﬁ)rVéblll ¢adch qtherpr Spacer opmbexs A radacting on thel vent
gas in the filtrate 20 gas, which would occur in case of

adhesi ve- b&rndetl ahid| tear sidessof fise hodder 7 hieg préyvideddeat appamberiofhi ch i s
attached to one end of the stacked filter asSenbly 3 is centrally provided

with a cyl ipegitiens areuhdthe?dutdt pBripheihubt eHe WOLABE 7206 rladnEainl tHeGas
connected filter units 3 to provide a hernetically seal ed gas outlet 26

at sone end spf1denadntiedls 45 BYLRARSAUS LRl RchPAnES G LM RIenBNAILE G¥enl. AN
Oring 28 is fitted on the cylindrical portion 27 to seal the gap space

bet ween t hgnghliihtdl 200 8hk ! 20add 1AGHNBATRY Achepbadbonti || be descri bed

hereinl ater. The ot d of the axial flow passage is closed by

the protective plglLedtefivhit 28 'ﬁéﬁu%ﬁ%ﬂ?t&ﬂ%‘%’ﬁ aﬁ’"ﬂh&'éb@% the filter

elenment 1 fitted 1n 1ts casing 3 er. casing 31 1's constituted by

" ot B S St o b

and 34 ar eportion' 23 is formed on the joint po.rt_iop 11 _as mdxcated by a 'chain_ line
10 in Figs. 3 and 4.

When connecting these filter units 2A and 2B with each other, the
front sides or the rear éides of the units are positioned in face to face
relation, and ultrasonic wave is applied to the fusible connecting
portion 23 to weld the opposing joint portions 11a or 11b to each other,

15 - communicating the center openings of the respective units in the axial
direction. A suitable number of filter units are connected in this
manner to obtain a stack of filter units 3. As mentioned hereinbefore, \IJ
the thermal fusion bonding or heat welding of the filter units 2A and 2B
. precludes the problem of the entrainment of solvent gas in the filtrate
20 gas, which would occur in case of a.dhe_sive-hon'ded filter units.
As seen in Fig. 6, the support 4 which is attached to one end of

the stacked filter assembly 3 is centrally provided with a cylindrical

portion 27 which is abutted on the end face of the connected filter units



10 . provided with gas inlet and outl et passages 32a and 34a,
respectively, in alignment with each other in the axial direction. The

filter elenent is firtted in the casing 31 in sgﬁu'a manner that the O ring
28 is t+ghtly gripped between a stepped wall p ion on the outer periphery
of the wylindrical portion 27 of the support 4 and a 15 not ched or
stepped wall portion 36 on the inner periphery of the gas outlet passage

34a, and fixed injgthe ing. 31 by .a_spacer. 38 which is, fifted in,the gas_,
et i pe 39 at | Gi® eRavidice Pheptefely Bhi st ofFSat pb ein 8P o3 Uk Bpen
ot her end thereof. The spacer 38 isl})rovi ded with a nunber of openi ngs 39

to gui de the feedElRH PREAAS ReEipRA&RY bhpcentengpenings 1Q.o Ak O-Fifg 28 is fitted on
circunference of the filter element. After fitting the filter elenment 1 and
spacer 38 in posi theF¥lindricahpogtionn2l 49 sgad thei sarispycebetivern the soilindrigal
di sposable filter 30 which contains the filter element 1 therein. When

wel di ng the casi ngostion; 27 and @ecaging|shich widl det drscribed Bereindagsr.t (lhet dier
at a position 40 closer to the inlet side of the casing 31 and to feed an

i nert gasSinto thendasfithe 8tidloflowhpassagpdsaclobed dgystine pgotéctiet fdate 5of
wel di ng heat on the filter elenment 1 and preventing 5 oxi dation of

the inner surfaces of tiFegcadingtribes aftisr 36 vhl€ly had thiefiltd i Blemattel EQited
fixation of the filter elenent 1. Namely, by pressing the filter elenment 1

agai nst the steppgdligpeasiag 310 tThe ftdahessing 31 OEbhstitefed B9 Dbt @haPbPQet
34, the gap between the support 5 and the outl et passage 34a.1s

hermetical |y seal ggbgl83 and 35 whieh! ﬂ@vé—}gﬁg D18 an T WIREE pib&e 38 RAEEE4 B8curely
serves to absorb dinensi onal
-/ fixed thereto respectively. Tﬁe inlet and outlet pipes 32 and 34 are
_10 provided with gas inlet and outlet passages 32a and 34a, respectively, in
alignment with each other in the axial direction.
The filter element is fitted in the casing 31 in such a manner that
the O-ring 28 is tightly gripped between a stepped wall portion on the
outer periphery of the cylindrical portion 27 of the support 4 and a
15 notched or stepped wall portion 36 on the inner periphery of the gas
outlet passage 34a, and fixed in the casing 31 Ly a spacer 38 which is
. fitted in the gas inlet pipe 32 at one end and adapted to press the
protective plate 5 at the other end thereof. The spacer 38 is'provided
with a number of openings 39 to guide the feed gas from the inlet pipe 32
20 toward the circumference of the filter element. After fitting the filter |
- element 1 and spacer 38 in position, the caps 33 and 35 are joined by .

welding to obtain a disposable filter 30 which contains the filter

element 1 therein.



errors even if there-may occur, variations in axial length as a result of
the ultrasonic welding.of the filter units 2A and 2B at the fusible -- s
portion 23. Therefore, the spacer nﬁy be in the formof a coil spring or
the like. 15 L The inter#gr surfaces of the casing 31 shquld be
pol i shed and washed to a sufficient degree to prevent deposition-Qf=fbreign
matter . In this connection, the provision of the spacer 38 which reduces

the extension |y e1dihgttie cadidlg FM0itow 464irRbDS Sode B EhS4abstae t he caps-
33 and 35 is extrenely effective for inproving the internal cleanliness 20

~of the 03‘32“{% bsgaﬁﬁ%sasai ﬁ&sgi{icjrﬂl@%'lbé% g @ %_@il@a &pe%@tcw@ 31 The

~inlet an et " pipes 32 and 34 are welded to the inlet and out caps, 33

o1, 35 B Bied NGRSl kSt BB SoRLBNlng SOl

utes to preve rust:

SubSt aNCGRe UHeLOk bESefldc" oAl A B IRRERE'Y 23 kg event 1o -

occurrence o S SUCH asS corr osion or e. on, the gas
ich enters the filJter 30 thrpugh t inlet -pipe 32 flows into the casing
g(l] t hr ouaﬁ“iﬁtépﬁp"eénbh’génw FW‘? ss?ggﬁ? °§§,“é£d then into the influent gas
channel s 25 between the respective filter units 2A.and 2B. The_ fine
particles of soilSBRafeE HhPLYE ARATROTERRE rate fag txation i shg AL t hr ough

the filter nmenbranes 8a and 8b on the opposite sides of each influent gas
channel siementelndipmelyabiyopregsing dhe filter plemninbageinstgheistepredie ribs

15a and 15b and the small sectional area of the tapered outer ends of the
ri bs 15apantiohsin the notched wall portion of the cutlet pipe 34, the gap

bgtween th_e support S and the outlet passage 34a.is hermetically sealed \./
10 by the O-ring 28. Further, the spacer 38 serves to absorb dimensionai. :
errors even if there may occur variations in ﬁxial lengtf: as a result of
the ultrasonic welding of the filter units 2A and 2B a£ the fusible _ —
portion 23. Therefore, the spacer may be.in the form of a coil spring or
the like.
15 The interior surfaces of the casing 31 should be polished and
washed to a sufficient degree to prevent deposition of foreign matter:.
., In this connection, the provision of the spacer 38 which re‘duces the U
extension lengths of the in}.et and outlet pipes 32 and 34 into the caps . ]
33 and 35 is extremely effective for imﬁroving the internal cleanliness
20 of the caps (the accessibility in polishing and washing operatiOns). The
inlet and outlet pipes. 32 and 34 are welded to the inlet and outlet caps --
33 and 35 along the respective outer and inner peripherie§ to provide a

seal therebetween, which contributes to prevent intrusion of foreign =



afford an increased effective filtration area to the filter to cope with a
hi gher gas flow rate. The gas which enters the circunferential passages 16a
of the holder through the filter nenbrane 8a flows into the radial passages
20 threwgh the second gas flow apertures 21, and then flows into the center
openi Nwd0 through the third gas flow apertures 22. On the ot her hand,
the gas which enters the circunferential p&giages 16b through the filter
menbrane 8b flows through the first gas flow apertures 18 into the
circunferential passages 16a which face the opposite direction, and )

li kewi se f|eswbstangeshaluringr theepodd shinchraadh vasbingneORREAEINF While
apertures. A-bvehtihg eesurtche 8¥i abrBatsadficHehsnedrbpsiba eenthe like.
openings 10 flows out of the filter 30 through the outlet pi-pe 34. :
CLAI M5 1) A gas filter element conposed of a plurality of units each
having filter nemhrépepabibfiedttie ddie whiphsehterisdtiieofibtérk 0 Hehiremrghiithie

a center opening and axialdy connect W { ther f ' S
channel s befﬂ%ﬁﬁ 86‘885 ?‘ﬁg ér]ﬁvfserl ont?%gne%y%ﬁ?%g? %Cﬁlf Olla,lﬁlllt gﬁg\n] %’ﬁgb Eg‘% ¥
center openingshef spacers3éctand thens intocdrhrinivfinentvigas eclanneksr 25n
the axial dpbegbbdn cAbaAGLAIERb | RiukaY AASEsSAl Maldleppls Prmd dedne
with a center opening defini an axi al as passage for effluent filtrate
gas, an annBpyEifdest of soli foreign substances are removed as the gas
passes through the filter membranes 8a and 8b on the opposite

sidesof each influent gas channel 25. The non-fixation of the

' filter membranes 8a and 8b to the ribs 15a and 15b and the small

\~/ ° sectional area of the tapered outer ends of the ribs 15a and 15b

afford an increased effective filtration area to the filter to

cope with a higher gas flow rate.

The gas which enters the circumferential passages 16a of the
holder through the filter membrane 8a flows into the radial
passages 20 through the second gas flow apertures 21, and then
flows into the center opening 10 through the third gas flow
apertures 22. On the other hand, the gas which enters the
circumferential passages -16b through the filter membrane 8b flows
through the first gas flow apertures 18 into the circumferential
passages l16a which face the opposite direction, and likewise
flows into the center opening 10 through the same gas flow
apertures. All of the gas in the axial passage defined by the
center openings 10 flows out of the filter 30 through the outlet
pipe 34.



t

portion fornmed around said center opening and connected to an adjacent unit
i-n a spaced relation in such a manner as to forman influent gas channe
between connected units and to communicate said center openings of. the
connected units axially with each other, an annul ar i.nner menbrane nptnt
portion formed around said joint portlon on each side of said holderhénd
havi ng i nner peripheral portions of;,;said filter nenbranes thermally fu3|on'
bonded t hereto, an outer nenbrane nUﬁnt portion forned on each side of said
hol derahgng the outer periphery thereof and havi ng outer peripheral
portions of said filter nenbranes thermally fusion bonded thereto, a
partition plate connecting said inner and outer nmount portions with each

ot her) panaghsl filkerpedemdnt icompodesd crfelaarpmraaritqadf sirdet®fesahd

hol h | di h d é
out TS T en” Renbrets e, AL PhE RO B iR R Y G B4F 5,7
pas seededefdiitdy abycgarterr igpsningl gnd falmlcllyt:tcsommnﬁdcmumg e:achl
pass@&‘i’% éhé‘ Eérﬁlf N On 20 Ya; cﬁ?&”ﬁﬂeié' W ERIPT 8 ,:piésih ffifféefo sai d

hol der erm ondln at said 1 nner a out nmount

por tm%w@raaﬁa Qf dagdpcenk: eufsb%r Uﬂﬁhco‘%h%cﬁéﬂtﬁrt IPRERINGS hé’rf bYheher nal

f usi pashestlve %hﬂ:%' dr GHmBPLdA©1Sn with ’edth ofheas il |de gkegent as

defhg E d ai wherein said fllter nmenbr anes bonded to said hol der are
Hethd E}‘&F _

eac Oy, acterized in that:

each said holder is prov1ded w1th a center opening deflnlng
an axial gas passage for effluent filtrate gas, an annular joint .
portion formed- around said center opening and connected to an &/
adjacent unit in a spaced relétion in such a manner as to form
an influent gas channel between connected units and to
communicate said center openings of the connected units axially
with each other, an annular inner membrane mount portion formed
around said joint portion on each side of said holder and.havigq
inner periphera1 poftions of said filter membranes thermalﬁy-
fusion bonded thereto, an outer membrane mount portion formed on
each side of said holder along the outer periphery thereof and
having outer - peripheral portions of said filter membrahes
thermally fusion bonded thereto, a partition plate connecting
said inner and outer mount portions with each other, parallel
ribs provided in spaced relation on each side of said holder and. ;;J
each having a gradually diminishing width in section toward an
outer end with an arcuate surface distal said partition plate,
gas flow passages defined by said ribs, and gas flow ducts
communicating said passages with said center opening;

said filter membranes are fixed to said holder by thermal
fusion bonding only at said inner and outer mount portions; and

said units are securely connected with each other by thermal
fusion bonding at said joint portions.

6L M§S *



a flexible synthetic resin sheet of approximgtely 0.1 mmin thickness and
coptain a nultitude of pores of approximately 0.2 [err] in dianeter. 3) A
gas filter elenent .as defined in Claim 1, wherein said ribs are provided
concenti cal ly .on each side of said partition plate and define a | arge
nunmber~gf circunferential gas fl ow passage her ebet ween. 4) A gas filter
el enent as defined in daim1, wherein sai¥fribs on the opposite sides of
said partition plate are each shaped to have at the outer tip end thereof

plate are each shay ve at the outer |
i1 Tor ol omal ad gt nEn T Al PEEMRRC” S g 1 cplad BT oHerefh My

.

hol der is pfaiteed nanbranestbgaded| bov apédt hedderopreomagh dat ithe gberm| ofv
pafr'tS)ageSf on at hﬁ:lt@ﬁﬂﬂﬂ SyritdRs i §§gfﬂnh@éﬂe§-{t Wbt ha @&dae;rc?h? @!.ﬁr?dn} in
nunber of radi.al. _gas oW passages defined, a nunber of radial ribs o
Substant | al ISR AN (FPNERIRaRd FRLEE EHER Poned@Iaass Of FRRTRX HAbRly
of second gas 2f ow aperdiamstexpeni ng t hrough said partition plate into said
radi al gas fl ow passages, each of said radial gas flow passages having a

third gas flow aperture conmunicating said radial gas flow passage with

sai d center 3dpeningyasafilges eleweateasurdsf twetlr doi glagas 1f,| chegresiagesid
constituting ;35 . ' i L34 +& t §55
fl ow pass_agesl Wi %ﬁqﬁ}l (#‘gie_ﬁn‘%we(rg%béeﬁ%g. g& Y ct%R éagsbl?%%ber e Legrgeﬁe%% €l 8
defined in ®l&te 1andh&efinedpadargaunngsber of j@ireumferentiapgeager Ebgw

a bond resulddssadespriddietdessan. f usi on bondi ng of annular thermally
fusi bl e protuberance

o/ 4) A gas filter elemept as def;ned in Claim 1, wherein said

' ribs on the opposite sides of said partition plate are each
shaped to have at the ocuter tip end thereof an arcuate surface
in section having a radius of 0.1 - 0.3 mm.

5) A gas fiiter element as defined in Claim 3, wherein sa%d_

i partition plate of said holder is provided with first gas flow

apertures for communicating gas fiow passages on the opposite

sides of said holder with each other, a plural number of radial

‘gas flow passages defined by a number of radial ribs of
'sﬁbstantially the same height as said first mentioned ribs, a

large number of second gas flow apertures opening through said

. partition plate into said radial gas flow passages, each of said
—/ radial gas flow passages having a third gas flow aperture

' communicating said radial gas flow passage with said center
opening, said gas. flow apertures and radial gas flow passages

constituting said gas flow ducts for communicating said

circumferential gas flow passages with said center opening.

6) A gasg filter element as defined in Claim 1, wherein adjacent
units are Jjoined together by a bond resulting from the
thermal fusion bonding of anhular thermally fusible protuberance
of triangular shape in section provided integrally with the joiht-
portion of one holder, with the joint portion of another filter
unit.

O



of triangular shape in section provided integrally with the joint portion",
of one holder, with the joint portion of another filter unit. 7) A gas,
filter element as defined in Claim1, wherein said holderis provided with
spacer- nenbers at a nunber of spac positions around the outer perlphery
t hereof, said spacer nenbers prOJecf g axially in both directions: tOkﬂ
naintain said influent gas channels between filter nenbranes of adjacent
units. 8) A gas filter elenent substantially as here|nbefore
deschbed mﬁth ég{erence to and as shown in the draw ngs.
ilter element as defined in Claim 1, wherein said
holder is provided with. spacer members at a number of spaced
. positions around the outer'perlphery'thereof said spacer members
projecting axially in both directions to malntaln said influent

gas channels between filter membranes of adjacent units.

8) A gas filter element substantially as hereinbefore
described, with reference to and as shown in the drawings.
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