DESC&IPTICN | o FI LTER MEDI UM AND Al R FILTER UNI T 5

Techni cal® field This invention relates to a filter nedi um used
for ‘cl eani ng air, for exanple in a clean room and an air filter unit
using the same. More specifically, this invention relates to a filter

medi um used for cleaning air in MNUfPESORIPTION €l ectronic nenbers such
as sem conductors and liquid crystals, and an air filter 10 wunit using the
sarne. Background Art As filters used for cleaning air in
a clean room the inventors of this i nvention have al ready disclosed a
pol yt etraf | uor oet hyl ene (HIABRMEDIEMRAND AIR FEVFERAINET) porous film
(for exanple, Japanese Patent Application Tokkai Hei 5-202217). In
addition, the lam nation of a thernoplastic material such as a span
bond nonwoven fabric of sheath-core structured filanments onto both the
sur f acesb of Ted@nmﬂzﬂebbrous filmwas al so proposed so as to protect the

por ous fi I £ om scrat ch d hol e a Pat ent | i cati
Tokkai Hei 6 208 Yygg)ion re Slatedto & }?Q{S gfiu §e$? deamne %ﬁp f?c?%?s‘%ﬁp
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total organic carbon (rrentloned as TOC hereinafter). when used e.g.
an air filtmveniion releses toafiltammetionrised foneleaningair in mapafactariogt ot aI

but 1 hyr o Sibroe SRb SyteR siRiSHERRNS AL URRIF RS AR, Apdan i Slter

sil oxangy ehqit didgdhieessaheon of TOC in a cleaned air space such as a clean

room may |lead to deterioration in the quality in manufacturing

sem conductors, liquid crystals, etc. 30 Disclosure O Invention

This invention is intended to sol ve the above-nentioned conventi onal
Background Art .

As filters used for cleaning air in a clean room, the inventors of this
invention have already disclosed a polytetrafluoroethylene (referred to as PTFE
15  hereinafter) porous film (for example, Japanese Patent Application Tokkai Hei
5-202217). In addition, the lamination of a thermoplastic material such as a
span bond nonwoven fabric of sheath-core structured filaments onto both the
surfaces of the PTFE porous film was also proposed so as to protect the porous
film from scratches and pin holes (Japanese Patent Application Tokkai Hei 6-
20 218899).
However, the filter media disclosed in Tokkai Hei 5-202217 and Tokkai Hei
6-218899 generates a little total organic carbon (mentioned as TOC hereinafter)
when used e.g. as an air filter in a clean room. The TOC mentioned above
means the total of gaseous organic materials such as dodecane, tridecane,
25 butylhydroxytoluene (BHT), phosphate, organic phosphate, dioctylphthalate,
siloxane, etc. The generation of TOC in a cleaned air space such as a clean room
may lead to deterioration in the quality in manufacturing semiconductors, liquid

crystals, etc.

30 Disclosure Of Invention

This invention is intended to solve the above-mentioned conventional



probl ens by providing a filter mediumthat generates al nost no organic
materi al's and has a PTFE porous filmwth air cleaning properties, and an
air’ filter unit using the sane. In order to achieve the
above purposes, the filter nmediumof this invention 5 has at |east one of

the foll owipigblehis b )prebﬁﬁﬁgtaeﬁltéf hﬁ(—ﬁhum that genér&esTannmwfgaaﬁeunt of
organic materials detected fromthe filter mediumis 3ng or |ess per

gram of t hanstdrials ansthasra BREERareys efdnxmxthmm cleamn@mmraesmxy&nncalr
materi al s iS5, nore. prefer bly 2ng or less, or further preferably | ng or
| ess, per ﬁ%'&@ {08 ﬁ??%n?ﬁédr um The above-noted organic materials 10

nentioned in thig org¥eHd h@ﬁe&é%h@@bo%@ bsé&the fteianeaiafl of tHis/ irfitédtion
organic mat eri al's. (2). T ilter medi um has an air per neabl e

suppor t $ng hastatr least one of the following (161(4) charagterisfics
pol ytetrafl uor | ene.por ous f and_the tot.a rgani c
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preferably 500ng or |ess, or furtherg{)referabl y 150ng or | ess, per

250y of t lanewmt plorgsaic materials igmore prefenablyr 2ng or less, or furthey preferably
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generated with a small high tenperature pressure endurance. The air

per meabl e sugtesialsng material of this invention has 0-15, nore preferably

0-8.0, _ f
endur ance asorr@é\;t{h'eeﬁit Pre(ﬁif hsﬁ&mcpeag%a#zﬁmerature aFE r?é’n‘?‘ts]rﬁaSt
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and
high temperature pressure endurance of 0-15.0 on at least one surface of a

20 polytetrafluoroethylene porous film. It was found that little TOC was
| generated with a small high temperature pressure enduiance. The air
permeable supporting material of this invention has 0-15, more preferably 0-8.0,
or further preferably 0-5.0, high temperature pressure endurance as measured
by the method defined below. This mechanism cannot be totally explained, but it
- 25 is thought that a material has a small heat deterioration and thermal
deformation when it has a high temperature pressure endurance of low value, so
that it is difficult for impurities (TOC) to be generated from the air permeable
supporting material itself. |
. (4) The filter medium has an air permeable supporting material on at least

30 one surface of a polytetrafluoroethylene porous film, and the air permeable

supporting material is essentially made of at least one material selected from the

group consisting of polyester and polyamide. "Essentially made of polyester and



2, pol yam de" nentioned above indicates that the material is
most |y nmade of : pol yester and pol yam de, and contains no materials such
as polyolefin - which can cause the generation of organic materials
fromthe air permeabl e supporting - material - and contains no additives

that can volgdydinieiidationt sbodguaaitatss ikt the #aktial RemBuilyhhlgbruni t

I's used in the nmanufacturing process of the air per meabl e” supporting
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The air filter. element of this.invention is formed into a pl eated shape
using 5 tvﬂmchuﬂheealrrfduemumtﬁstused mrbhermanufactnm pracess ef thesairor med
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supporting material on at |east one surface o
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Brief Description of Draw ngs . IS a cross-sectional” view-
of a filter thedilten medivm ofitbistinvention: t’Bbe air ﬁltpr &ﬁmneldmn@alpiaated shape

Fig. 2 is a perspgctive view o fi odi t of the
br osent | nyalREREH0F sustance, the f1teg edinkn bE £0. 14, fir, gred, abgxee,
shown in Fig. 2 he air filter uﬁit%ft‘ﬁfs iéve%tidrpﬂc% nt@ingd hﬁ"&leﬁlﬁ’er%Q&Rﬁh'tmt has
frane of Standard of Test Met hod ustion of Air Filter Medi a

(JACA No. 1hnifiF7jjermeable supporting material cun at lasbbneisanfage of ssupporti ng
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Standard of ffagtaddidiflafsRipporting body (frame) with the periphery sealed. The filter.
medium is one of this invention (for example, the filter medium of the above-
mentioned (1), (2), (3) or (4)).

20  Brief Description of Drawings
Fig. 1 is a cross-sectional view of a filter medium of one embodiment of the
present invention. _ | _
Fig.2is a perspective view of an air filter unit of one embodiment of the' |
present invention.
- 25 Fig. 3isa cross-sectional view of a spacer shown in Fig. 2.
Fig. 4A is a front of view of a supporting frame of Standard of Test Method
for Combustion of Air Filter Media (JACA No. 11-1977).
Fig. 4B is a plan of view of a supporting frame of Standard of Test Method
for Combustion of Air Filter Media (JACA No. 11-1977).
30 Fig. 5 is a plan of view of a Metal Frame of Standard of Test Method for
Combustion of Air Filter Media (JACA No. 11-1977). | .
Fig. 6 illustrates a Testing Process of a Metal Frame of Standard of Test



Conbistion of Air Filter Media (JACA No. 11-1977). - Fig. 6
i klustrates a Testing Process of a Metal Frame of Standard of Test

3 Met hod for Conbustion of Air Filter Media (JACA No.

11-1977). _ Fig. 7Alis a GCGM analytical chart of Exanple 1 of
thi's i nventMathofifér CoBhbustion &f AirOSildéy Mediy (JAGA Neal1-19f77kxampl e 2 of
this invention; Fig. 7Cis a GC M anal ytical chart of Conparative

Exanpl e 1; and FFig. 7ADs & GC-MES ppabtigalchaznt of Exanipde 1 ofthGoinpension; &ig. 7B
Exampl e 2. . St e fqr LRI N . l.nvent. ON... .

ot oper t1 65 1% GNP sl e HarbPt BeBhin el PBin BVERURR! B af iy GOMS
further detghilytikdl chartl éf Coinpabafive BXaaRpR 1;Eid Fie T BUGTENIS/RhaRitical
organic materi al s detected. fromthe Tilter mediumis 3ng or |ess per

gr am of & hechantioffComparativer Bxample & medi um al so has an air perneabl e
supporting material on at |east one surface of a
pol ytetraf| uoroet hyl ene porous film and the maxi num anount of organic

Gram of . 15 BefMade foF Gazaring Opf tha TRPRUER br of er abl & that the air
Cel octod from ¢ nERgPaepeTHisR i Mol nitS i SOV iften 7 ke BEpIENSA L8
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e oo AR RSk 0Bk AN ol bt gram o,
air 15 the filter medium. It is further preferable that the air permeable supporting
material is essentially at least one material selected from the group consisting of
polyester and polyamide.
(2) The filter medium of this invention has an air permeable supporting
material on at least one surface of a polytetrafluoroethylene porous film, and the
20 aﬁount of organic materials detected from the air permeable supporting
material at 80°C (by the measurement method defined below) is preferably
1000ng or less (the lower limit is a detection limit value, and is preferably
zero) per 250mg of the air permeable supporting material. It is also preferable
that the air permeable supporting material is essentially made of at least one
25 material selected from the group consisting of polyester and polyamide, or
particularly is essentially made of a polyester material. Furthermore, the air
permeable supporting material has a high temperature pressure endurance of
0-15.0, more preferably 0-8.0, or further preferably 0-5.0, which is measured by
the method mentioned below. _
30 3) The filter medium has an air permeable supporting material on at least
one surface of a polytetrafluoroethylene porous film, and the air permeable

supporting material preferably has a high temperature pressure endurance of 0-



permeabl e supporting material has a high tenperature pressure endurance of
0-15.0, ‘nore preferably 0-8.0, or further preferably 0-5.0, which is

measur ed by t he net hod nenti oned bel ow. 30 (3) The filter medium
has an air perneable supporting material on at | east one surface of a
pol yt et r af 16d}. oekthwyhe feunpd thalstHere s Intlé gererationmfT@Ebkken the kdghporti ng

material preferably has a high tenperaiure essure. endur ance of, O- .
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0-5.0, which_is sureg by the thod 5 defined helow It is preferable
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at | east one ' : t | Si . r
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In the aboSRRtHRS _perxéﬁyaﬁp- (iy,t%%y?%&a&h%? Perwepbls,eiRpréing material

per meajd e < i

Cel coriy PROBMHL IhJE NSO BmBanniks ProdediBchdiraibe (A% O oM pRIR A
a nonwoven0{&0y oxfurther preferaldy 0560 Nin atheeshords, powas fodnd thatothdreds litkle.

Anong these forns, a ven _. . ] .
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materials when the high temperature pressure endurance is within the above-
noted range. |
20 In the above-mentioned (1), (2), (3) and (4), the properties of the air
" permeable supporting material essentially made of at least one material selected
from the group consisting of polyester and polyamide include: a nonwoven fabric,
a woven cloth, a mesh, a porous film, or the like. Among these forms, a nonwoven
fabric is most preferable. The nonwoven fabrics include:
25 Q) filaments: span bond nonwoven fabrics, and melt blown nonwoven
fabrics and |
(2) short fibers: thermal bond nonwoven fabrics, and wet paper nonwoven
fabrics. The filaments span bond nonwoven fabrics are most preferable since
little TOC is generated with their use. In manufacturing wet paper PET fiber
30 nonwoven fabrics, an agent such as oil is added. As a result, oil or the like
leaks from the material, thus causing generation of impurities (TOC). Thus,

the wet paper PET fiber nonwoven fabrics have to be treated (e.g., removal of oil) |



fabric is nost preferable. The nonwoven fabrics include: 25 (1)

fi:l aments: span bond nonwoven fabrics, and nelt bl own nonwoven fabrics
and ~(2) short fibers: thermal bond nonhwoven fabrics, and wet
paper nonwoven fabrics. The filanents span bond nonwoven fabrics are
nmost pr ef er deferesthayeare used.i tThe strGicturesgfreorew ebn fabridshiactudess nothoven
rranuf acturi wet pape ET fiber 30 nonvvoventf brics age suc

oil 15 addedabms of sipgle fbets; p Tayx shwn poRWoven fabisica Honsra e, sheath-
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rrel ting poi rmorépi'mmbltyh]asoﬂwf above, Ilfrhhe meltingTpintais lawée thpen 42686, dnotd
S prefeﬁgleth the air perneable supporting material of the filter

medl umis pree€ivanld beggperat egm yester, and contains no pol yol efin.

It is algo prefen | &l f
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terepht hal at e. ble that the polyester, material of
filt gr medi um of It. i glso preferab?e 1E:\hat the polyester material of Le filter medfum of t&mri]s?

invention is at least one polymer selected from the group consisting of
polyethylene terephthalate and polybutylene terephthalate.
20 It is preferable that the polyester material of the filter medium of this
invention is a nonwoven fabric made of polyéster fibers.
It is also preferable that the nonwoven fabric of the filter medium of this
invention is a filament nonwoven fabric.
It is preferable that the ﬁlament nonwoven fabric of the filter medium of
25 th1s invention is a span bond nonwoven fabric.
The filter medium of the invention mentioned as in the above-noted (1), (2),
(3) and (4) has an air permeable supporting material on both surfaces of the
PTFE porous film.
It is further preferable that the filter medium of the invention and the air
30 permeable supporting material mentioned as in the above-noted (1), (2), (3) and
(4) have the characteristics mentioned below.

The PTFE porous film can be one or more layers in the filter medium of



invention is a nonwoven fabric made of pol yester fibers. It is
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semi conduct ors crystals, ring devices.
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di scl osur esApplichtion 'ﬁikkal Hei 5-202217 and WO 94/16802, the disclosures of which are
incorporated by reference. '
20 The above-noted PTFE porous films applied in this invention can be easily
prepared by a conventional method. The method includes, for example, the steps
of extruding a paste of a PTFE fine powder and an extrusion assistant, forming a
tape by pressing and spreading the extruded paste, and stretching out the non-
baked.or semi-baked paste in two axial directions. This method is speciﬁcally
25 explained in Japanese Patent Application Tokkai Hei 5-202217, WO 94/16802,
etc. | ' .

The air permeable supporting material of the film medium is used to
reinforce and protect a PTFE drawn porous film. Thus, it becomes easy to
handle the filter medium and to process the element into a pleated shape or the

30 like.

It is preferable that the air permeable supporting material has a smaller _

pressure loss than a PTFE porous film. The air permeable supporting material is



incor;ioorat ed by reference. 20 The above-noted PTFE porous fil s

applied .in this invention can be easily prepared by a conventi onal
nmet hod. The net hod i ncl udes, for exanple, the steps of extruding a
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bressur & | 05 eiaR pRiRE6FIOFCOSS Holdw! T arfiniathifl YRR ePHRABIS biifporting

material is
in a form of materinloutna PAFE poreusfilmpitcisqireferabhethadhenedt byshddtl Butaif the

fabric, . A .th f , \ f I Cl t
bref er abl c.  SPEFoablo SUFBOTHIE FIAtSHR)GHS hPSIHBECARE ARy B0NEo b6y
fibers, bt fubginideas SrotSh &l Hikied ous aBAKCHGDE: 100 L S64) RASHcRdRo bR it

di aneter. Furthernore, the alir perneable supporting nmateria e 0
or gani ¢ 1oecrpraferablé propartibsamafaratibe/piovdded. mel ti ng point of

300[err]C or belqw In |am nating an air pernmeahl e sypportin mat eri al
onto a PTFE por oubhg Alfpereatle sUpperting ahatstinlismretarably mese ofpalyester he

ai r perneabl o]’ AT ] j hiat ' :

armi hat i g presst T db MedBiAbidle that IRy PR Rtk fing Ha fhrialin shide
medi um wi t h dftpolpestes fiiers amdopartaimsnorpylyodefine fhe\didpdrmeable supportitge

air perneable su rti erial. is preferably nade of pglyester )
fibers. It imakelal B#@gﬂbﬁ%fb@st ast bva melbgnoints L Beve-Agtedpalesteris
made of | | | ' H%ﬁb' e
support ilr?g P (ﬁ%@?g?lé 3{’*93’?@%%%@@2@?@2%@? E%ﬁ%éi%igpta }ér?ga %oﬂr?f %ﬁ e
above- not ed lgké.yest er is 15 polyethylene terephthalate (PET), polybutylene
terephthal ate ( ngefer%%qxttlﬂg polyester is at least one polymer selected from PET, PBT

and copolymers thereof. In other words, it is preferable that the air permeable

supporting material of the filter medium of the invention is practically made of
20 at least one resin selected from PET and PBT.

Air permeable supporting materials made of glass fibers such as glass fiber
nonwoven fabrics, glass fiber p.aper and glass fiber air filter media are not
preferable since they can help generate boron (B).

The present invention does not generate boron (B) from the filter filament

25 nonwoven fabric. |

The polyester fiber material is preferably a nonwoven fabric,
particularly a filament nonwoven fabric. In using filaments, a nonwoven fabric is
formed when the fibers are molten and spun (spinning direct nonwoven fabric),
so that the cloth can be kept in a clean condition from the beginning. Filament.

30 nonwoven fabrics are prepared by e.g., span bond method, flash spinning method, -
and melt blowing method.

Particularly, the span bond method is preferable. The filament span bond



l.i ke. Preferably, the polyester is at |east one polyner selected
f.rom PET, PBT and copol yners thereof. In other words, it is preferable
that the air perneable supporting material of the filter nedium of the
invention is practically made of 20 at |east one resin selected fromPET

and PBT. nonwoven fabric peefe:ablyeha;sjaﬂmsts wglglﬂi @vaight pemunitoareg) @ 40k i ber s

h | f
fiber air 1 60QEminguAre RREETANY 15-50 %&rll o Hniies mesdorandy 1B OBeme: Mtk o
]? (r){)(r)nn ) gg) ¢ i more th 100?{&5295%%?%1 ?%F%egﬂ%cﬁﬁto%&@éﬁ Gfof)@iémp!@)fold)

he pol yester fibér
material i Saliﬂlﬁlemkliwmanmmavpieate& ah‘rﬁlter, thus ipereaising ersty a fil ament

fab
The 1 b s ar e e sha t{éﬂﬁ g’%@iﬁ%ﬁﬂ%ﬂ&%ﬁﬁ eBTRYar 2bxisy it s Feduared
that the CBBL&E}%% ﬁ%f@glﬁl s} re p ! HPBgdéb t%“mfail’i’ﬁhﬁlﬂﬁegﬁ%iﬁé ¥l has to be

Fil ament 3 nonwov epare y e.g., span hod, fl ash
spi nni ng neadded. The nonsvovehntfabrievis n.gsedmﬂmd the oil is removeeds t [Thel aomypveme

span bond nethod is preferabl.e. b
3 Fabigo s dovbieds o ehst dhera byt bpdioeails unch fpethod. WatPEiRt merod.
unit area) %t‘%OBO?%‘F&%QQ/g{&rr] nore preferably 15-300g/n2, or further

preferably Wth - nore than 100g/ nm2 basis weight, it
beconmesidli f f i cul The popyestasfibés nnnwnaeplfabnf:mlim)lu e e.g, 4iFEEfihercnonwoven a

pleated air filter I ncr eas t

useg ]EO pr efairdc, & R@ﬂgé% nP&B’PVIER%?EﬁFS’Sa rné’a‘ﬁ"forvgﬂ %gnc °th33’§§§h Itclﬁ’r'e%r) ﬁ{'sg
car or op §ién

added. The NalD va b o s L e ok nomwover

fabric is fgib¥e), hrmnwdven fabirisciaving d steathemire spnmtmermhuﬂm;omames jpchigh

met hod, titch b t hod
fabrics i ncgd Y én%@lg?%ﬁ@oggggglﬁ%%@@#ow melfifl_gg Egﬁ;égs el nonwoven

i R e o A o e
fabric), a nonwoven fabric of combmed fibers of PET and PBT, a nonwoven fabric
made of mixed fibers of high melting point PET fibers and low melting point PET
fibers, etc. ' ' "

The above-mentioned low melting point PET is preferably a polyethylene

20 terephthalate copolymer in which isophthalic acid, adipic acid, diethylene glycol,
polyethylene glycol, etc. is copolymerized. The high melting point PET and the
PET mentioned above preferably comprise terephthalic acid and ethylene glycol
and having a melting point of about 260°C. The above-mentioned PBT may be a
copolymer in which components other than the ones mentioned above are

25 copolymerized. '

The air permeable supporting material of the ﬁlter medium mentioned
above is preferably a flame-resistant air permeable supporting material. The
flame resistance in this invention is based on the Standard of Test Method for
Combustion of Air Filter Media (JACA No. 11-1977) prepared' by the Filter

30 Standard Committee of JAPAN AIR CLEANING ASSOCIATION (JACA), and is
150mm or less maximum carbonized length. '

Flame-resistant properties are added preferably to fibers by



fabri"'c), a nonwoven fabric having a sheath-core structure which conprises a

hiigh., . nelting point PET (core section) and a |ow nelting point PET
(sheath section) 15 (high nelting point PET/low nelting point PET
sheat h-core structure nonwoven fabric), a nonwoven fabric of conbined.

fibers of PEdpelytheBlinga Marticubarly,gwlyester fibersdn whichi are drgdrie phosphotais
mel ting point PET fihers and l.ow.nelti oi.nt, PET .. . _fibers, etc. - )
The. above. némmnohad ERme Eneriahhor copaRricHse, oRBlimitths GRcraHap Gf eeapic
t erepht hal a [T | ' | i L.} s 2708 e
ol yeol, - uraRR, MR pHRpHOL P BRI irE A6 ¢ pretbEiNIe el of S HlED
poi nt PET ammkdibmm. - PET nmenti oned above preferably conprise terephthalic

260[er 11 The. abobdTrarabln St BAFpomus Al dufictipei permigtle
conponent s : . | . . [ .
The air por SRBEOrATE Id@FiaIME I HNIRCH RS, dHifored inff e BORY B Helting a
above is preéetiabbf the shppertieg neitarinl avith heatpabhidhaeddny powdersuceh iaal .
The fla resi stanﬁgei n 'ghis i nv tio&é‘iﬁ ,bafe on tPe St ?ﬁﬁgrd of
Test Met hodPpyfester, teizgHpgreatyy ene-periluorpglaylomy e&“gemnmer y7otp. or a
prepared bynthe, bkl i@ . ] .
ASSOCI AT gﬁ’ﬁ'?&% ,ahg’r?ﬁﬁ'g's g Q%gnn%gﬂrﬁfﬁe% %xﬁ%@%%baggnal {Zﬁeﬁgﬂcﬁ'&gph@e
FI ame- r 831 skimds pf sajrepdrnesabde auppgorting nedteredlsy to fi bers by

9 copol ynmeri zing, Particularly, polyester fibers, in i ch an
or gani ¢ phosphorg‘gg génera@%%éﬁ?ﬁ%l%ﬁ’@ﬂéﬁ&?&é?ﬂfe uced ssppGFAlly, when & an

limt the 'gggg{egéﬂ%%fd RSORRIC tis’ﬁ’s% rials and phosphor, so that the

fibers are e nateri a or afilter -medium 5 It is
preferabl e that Ime fitéiEmediemsid whickaadPBFenaiwovyesr fabaid eontacts s RIFEL i ng

material of the fjilter nmedi um are adhered._j e, body by nelting a ’
section of Pﬂ%"“s%ﬁidﬁr ¢&nd P&Pewmﬁe&?ﬂ/%ﬁ & CPIB\PLRRIEE DORWPVER

ol yest gf, - af f is _
brc Sor B, Hric chddagEid i ARAR g 1eN B0 Bha HolRsy KPRY HoRT R heat
accordance yolldr. t Gompared with other polyester resins, PBT can easily be thermally

bonded to a PTFE porous film. When thermal adhesion is carried out by e.g., a
heat roller, the process of adhering the layers into one body becomes a continous
process in manufacturing filter media. Thus, the manufacturing efficiency for
20 the filter media improves. '
The following characteristics can be found when a section of an air
permeable supporting material is thermally adhered into one body;
(1) (low melting point PET fiber nonwoven fabric): (PTFE porous film): (low
melting point PET fiber nonwoven fabric): (high melting point PET fiber
25 nonwoven fabric)'; |
(2) (low melting point PET fiber honwoven fabric):(PTFE porous film): (high
melting point PET/ low melting point PET sheath-core structure nonwoven
fabric);
(3) (high melting point PET/low melting pdint PET sheath-core structure
30 nonwoven fabric):(PTFE porous film): (high melting point PET/ low melting point
PET sheath-core structure nonwoven fabric);

(4) (nonwoven fabric made of the mixture of high melting point PET fibers and

10



10 Kkinds of air per neabl e supporting matéri al s. _ The generation

of organic materials can be reduced especially when a pol yest er - based
hot nmelt agent is used. In a filter mediumin which a PBT '
nonwoven fabric contacts a PTFE porous film e.g., the above-nentioned

PET/ PBT shehivnneeltingspoint (REE fibensjo (RTFESporoabifilm): (tmwaear fabricmadecfatie
and |l am nated i nto one. body. by heat om a hea roller. ed with
ot her pol ye§%1§F“-‘iee%€}Fﬂ§,h %ﬁleém@%ts?ﬁ@' @e”csf@‘mﬂvl’ yuelting mm gbgrs)r FE
porous fil V@@rm ] [ ' ' . t
roller, thgt53r Cess o g%%ﬂ%tgg% %ﬁ%@gﬁ@%"w&ﬁgﬁ %gg?‘Fb% oS a 7.

cont :c nous (PETﬁBT@math—comstfmturei nenwovérefabrée); a. Thus, the

manuf acturin iciency for 20 the filter nedia inproves. The
fol I owi rfiy c@r(i?&'fé@ﬂ ﬁ%%af@awrs Stresthze mawoaegéebngﬁ (BT F&npeyous film): (lower
perneabl e s i ' ' Iy adhered into one body; (1)
(low nel ti nﬁﬁﬁﬁtﬁ%ﬁmgﬁhﬁﬁﬁ%@gﬁﬂ?j bric): (PTFE porous film: (I ow.
mel ting poi (F) (PET/PBE sheathicoterstiwdture nonwWuveh fablic):(@TEE pordis filiyathiglh
nonwoven fabric); . ﬂﬁe (low el ting point PET fiber nonwoven _
fabric): ( PTreldBEReint PEN/ lowpghing pointeP Kl ghesthiorestyuctere ReRWPFen poi nt

PET sheat h'ﬁa(ﬂ'r?c structure nonwoven fabric); (3) (high nelting
poi nt PET/ | ow mgi ting point PET sheath-core structure 30 nonwoven

fabri ﬁ) 10 ETfsﬁ (low enedting point PETD fiber hohwovenifabriB{PTFE worehs fihg):(@ontwoven

PET sheat h-¢qQre siructyre no ven fapric),; 4) (ngnwoven, fabric

of the i xt RGPt irhegwwr@iq?fﬁgb meltimgpaing BET é&?ars ind low melting potat PIT

10 ﬁBerSg. | ow el ting point PET fibers): (PTFE porous filn): '
r

(nonwoven fa >made of the m xture of high nelting point PET fibers’
and | ow nel (9)aopwiortn Habricidf¢he )mixture of higl{ kieltinBpciht PHT fbees anhddotwur e

nonvoven { aBialaRe poiat PET Bbers) TR qarane L)L (P oREIane BRUNER T ABAA o)
(PTFE pgy OU§ofdbidn fﬁ)ﬂ}ﬁ"e 'thigh memé Lp%@niPPEFl{ fiber nbRRI0NSE [faﬂﬁ@f; ic);
10) (nonwoven' fabric of the mixture of high melting point PET fibers and low
melting point PET ﬁbers): (PTFE porous film): (PET/PBT sheath-core structure
nonwoven fabric)
(11) (PET/PBT sheath-core structure nonwoven fabric): (PTFE porous film): (low
20 melting point PET nonwoven fabric): (high melting point PET fiber nonwoven
fabric);
(12) (PBT fiber nonwoven fabric): (PTFE porous film): (PBT fiber nonwoven
fabric); | - o
(13) (PBT fiber nonwoven fabric): (PTFE porous film): (low melting point PET
25 fiber nonwoven fabric); _
(14) (PBT fiber nonwoven fabric):(PTFE porous film): (low melting point PET
fiber nonwoven fabric): (high melting point PET fiber nonwoven fabric);
(15) (PBT fiber nonwoven fabric): (PTFE porous film): (high melting pdint PET/
low melting point PET sheath-core structure nonwoven fabric);
30 (16) (PBT fiber nonwoven fabric): (PTFE porous film): (nonwoven fabric made of
the mixture of high melting point PET fibers and low melting point PET fibers);
(17) (PBT fiber nonwoven fabric): (PTFE porous film): (PET/PBT sheath-core

11



(7) (PET/PBT sheath-core structure nonwoven fabric): (PTFE porous film:
(high .*' nelting point PET/ low nelting point PET sheath-core structure
nonwoven fabric); 10 (8) (low nelting point PET fiber nonwoven-
fabric): (PTFE porous film: (nonwoven fabric of the m xture of high

nel ting poi struchird hoeweveamdabrig); el ting poi nt PET fibers); (9)
(nonwoven fabrl of the m xt.ur. of hi gh mel ti nP poi nt PET fibers and | ow

rrel ting poi kt fpeliing poind dthes ponwoven fab _ # Rgroysi Rknplow i ber
non\/\ove\gleégﬁ?gbé& ?@?ﬁb@% %vgﬁ'fakrfﬁ-raﬂq ber nonwoven fabric);

(10) (nonwo € mX ure of ting point PET fibers and

| ow me (19)n@igle indtigTpdinb OET ﬂb@?fﬂﬁvmlbﬁl&bﬁc) nPTEE pbrsils film): (high
sheat h-core structure nonwoven fabri c) (11) (PET/PBT sheat h-core

struct ur® nswibrePpainhPED fibepnonwayenfabrich.n): (low 20 nelting point PET

(12 (PBT 11 ber bl dHa %#é%?m%ﬁ#aeﬁé%ﬂdﬁ@%ﬁﬁwfwﬁ PERRURB 305
fabric); direcfl$)addad] nbk e the tambrvetedf ddy p:hché&’l’ﬁ Btthiekfiedd diFbetiéh OW in
melting point PET 25 fiber nonwoven fabric) (14) (PBT fiber_ nonwoven

fabric): (PTRPipehaol methad oy as depenibedip gapﬂnemﬁ‘atent Apphiegtion TokkahHei

e “nonwod SR | S B sl A Y SRAE AR b g B e

| ow el {6 ngThei rellePEdmpeaturedisresg.s the! @bﬂémn'gowm of af ol hfeltm@ﬁmnﬁﬂ?E’l( bBT

fi ber nonwoven fabric): (PTFE porqus film: (nonwoven fabric na

the m xt ur ePBT pr ghove| andip belom thecmelting poinhef 2 dighanelting peins PEET.
fib ; 1 PBT;.f fil :
( ::)E_er/r E’?BT sheat 51 Q}Jt 1§th A(ﬂ?ersnpo WOV atb3§ rds%é %‘ V\)K() dh E)ﬁ.ﬁ%fﬂ%’? ndnv&QVePl%)bncs

(low nelting nbﬁw@krei?&ibﬁbbmadwaﬁ\ﬁbm dwdly a@haéﬁ’"ﬂtmgrﬂiﬁt PRETEbetrs, dow
mel ting point PET fiber nonvvoven fabric); and Fl-h nel ting (f)OI nt

PET fiber noelnemaintPEY fibers;apixed, dbersrof| high rpﬁltymg pgl rfabersian

2 heat T EEERYAifS PET fibers, and hijulrgfed PMeL Bl GHifigh Mg Bl 51 "0
body pi nchePETlow sndlbingkssias sﬂeaﬂpt:cmrﬁb@st n

In order to maintain the permeability of an air permeable supporting

W~g:

material, adhering methods include the spray coating method, spiral spray
coating methdd, slot spray coating method, melt blown coating method, print
20 wheel coating method, ribbon rip coating method, etc. A method of applying a
hot-melt adhesive is particularly preferable since it prevents the generation of
organic materials and is econbmical.
The filter element of this invention is in a pleated form, and is made of a
filter medium from which 3ng or less as a maximum amount of organic materials
25 is detected per gram of the filter medium.
The pleated filter element is also made of a filter medium which has an air
permeable supporting material on at least one surface of a
polytetraﬂuoroéthylene porous film, and the total amount of organic materials
detected from the air pérmeable supporting material at 80°C (by the analytical
30 method defined below) is 1000ng or less per 250mg of the air permeable
supporting material.
Furthermore, the pleated filter element is made of a filter medium that
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a pi.hch roll method or as described in Japanese Pat ent Appl i cation Tokkai

Hei = . "6-218899. The heat roller may have a mrror surface, or an
enbossed surface. 10 The roller tenperature is e.g., the softening point
of a low nmelting point PET or PBT or above, and is below the nelting
poi nt of a thaghanmlit pepmeably sufipbrting material or altdéastedrie Qikifacd vfai S
preferably used for_adher] PET nonwoven fabrics - _nhonwoven fabrics
made of fi bmmé%ﬂugrq%ﬁeﬁe |ROTARS @ndrther qig esmeable supporting magsenal
poi nt PET fiders.; h EL .f4 bers and

mel ting point & hghbergewﬁ%%r}gn\%%\h/%n #@%fang:g @dggsg “ﬁ?‘lﬁ]ﬁ %ﬁ%ﬁsﬁﬁeég’yn
PET/ | ow el tmagh(npdgﬁngdmaldwcore fibers. In order to nmintain
the perneability_of an air perneabl e _supporting material, adhering

met hods Bncl ude tradditign, &%plqvée@ﬁltﬂr@lewmas madergf a filtercmedivg whidhod,

I
coating ot M0 F L BRARE bR lnnerelis R0 R Tl e Qrtich ol
hot - mel t adipiytetrafudrethylehaporons 6@ abldehel 4ie§erineably S@hSorthits matenal
generation of organic materials and i s econonical .

filter el emdnessgntially madenf ableass ong matsraak selected dromthe; sronad@nmstmg of
filter medi Uy | ess as a maxi num anount of organic

materi al s ZEP %S%g]ém@&lg"ﬁg’gﬁ‘&%r am.of the filter medium The
pleated1bi | ter el filterttit of 8 i@veatiohdoftaitRdin firilksimddiud which has
per neabl e supporting material on at |east one surface of a

pol ytet r af | @3y 3l permaeable supperting matexinlianat lnast ongmwrfacefof® gani c

g0l or ¢ (P TN Gbebitehs TRE) e UF M BN LB IR R PR Barape,

250y of t hefoirnr ari® i@ Bl sapporting Lods (Erdifle) Wit thd penphery sealed. The -
Furthernore, the pleated fi I ter elenent i.s made of filter mediumthat

1 2 ‘maximyugs eIt o p&mwe@e@gd@e%gdmrertmﬁlw mediwasis dngor
surface ,of "’less(j rr{mzpe ye&?ﬁ[lﬁgliﬁ%r &eie%y &nﬂhﬁg%xo #?effeﬁ ﬁ{yoxt 13 #)ér gram of

perneable supp enper at ur pres
endur ance ofthe-fllpe¥medhum i s neasured by the met hod defi ned bel ow.

Also, the air filter unit of this invention contains an air filter medium
which has an air permeable supportihg material on at least one surface of a
polytetrafluoroethylene (PTFE) porous fﬂm; the filter medium is bent in a wave
20 form and is in a supporting body (frame) with the periphery sealed. The total -
. amount of organic inateriais detected from the air permeable supporting
material at 80°C (by the analytical method defined below) is 1000ng or less per
250mg of the air permeable supporting material. '
In addition, the air filter unit of this invention contains an air filter
25 medium which has an air permeable supporting material on at least one surface
of a polytetrafluoroethylene (PTFE) porous film; the filter medium is bent in a
wave form and is in a supportiﬁg body (frame) with the periphery sealed. The
air permeable supporting material has high temperafure pressure endurance of
" 0-15.0, which is measured by the method defined below.
30 Furthermore, the air filter unit of this invention contains an air filter
medium which has an air permeable supporting material on at least one surface

"ofa p_olytetraﬂuoroethylehe (PTFE) porous film; the filter medium is bent in a
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5 In addition, the pleated filter elenment is nmade of a filter

medi um whi ch has an air perneabl e supporting material on at |east one
surface of a pol ytetrafl uoroethyl ene porous film and the air

per neabl e supporting materi al is essentially nade of at |east one
material sekaes Ekrh a0 isin gsapporting body tEragfe) with thelpeasplesryanaled. The

pol yam de. 10 The air filter unit of this invention contains an air
filter medi mmnmmabﬂ\%lgupport% mgterigd #maetﬂnéwﬂlypmde ofptigasy pue matezial

| east one één%&gg %owgoéo’ﬁtsfsttﬁ?ééf’ﬁlgﬁét a?ﬂfpél@lﬁﬁ porous film the

filter nmediu s 1hn Srtlng body

(frame) wi'th thdtpe ?I@Ieeablest&ﬂtﬁﬂmﬂﬂ”leated ﬁlt@ﬁéléﬁ!émﬁﬂhuﬂing)ﬁ bandR drC
materials detected fromthe filter nediumis_3ng or 15 |ess, nore

ItOL ef fer ?@ y uhbow nped spaeelr madeaf ahok melbaghesiyecare kenpt injthe airdilter unit.
t
Cont ai ns- artae HF e wihan tHis Suighdfedieh fobi & isBinindi Al fh BXRRS o35

mat eri al orofathel fElast wondd bendtilizedéffiviently. PSindecthediliewuntt did Hacit ¢hd FE)
porous film the filter mediumis bent in a wave 20 formand is in_a

suppor t i ng geaeyatiopafarsanicmateripls; ipern he prgfergblyrused farglectronicdesiaes of

organi ¢ mat abl e supporting mat eri al
at 80[err] éq{ca/é?ﬁgeﬁg%%ﬁ}%%%ﬁ& pﬁugd ég%l%%fegg bel ow) is 1000ng or | ess per
250my ap the ai MnpdieE@ifileersunitoatseatingaieetionlof the supporting bodgd@idmeyand he

air filter unit of this invention contains r filter 25 rredl i ch
has an air Qb@ﬁﬁabmedéuﬁbtﬁrﬁﬂggﬁﬁﬂéﬂmt' taﬂgh%%g‘? oWath the g§go \Mi’é’ﬂ

pol ytetrafl Lina
heve for m At SR S ehiekalBl A brpan B s Bitiate! l%ﬁ%d*éﬁé’% Wb SwRBbL
The air perA@éd@é@bﬁdﬂ)@de mmmﬁiventmh dmﬁpi‘bvjﬂe tacfilter géuemtmgﬁmr e

endur ance of 0- , V\/m chis by the nethod defined bel.ow. 30

Fur t her nor (OTZAREC matemlﬁ -erAfHter wit h*‘é?l] mezesistant ProPsrtias canibe of

medi um n at | east one
surfacel\ﬁ’n Cﬂ}og?&eéﬁ ?@eﬁ%ﬁgﬁ%ﬁe?@?&% x{%ei;%?%hcg film the filter
medi umis bent ITh1§ invention is explained below in further detail by referring t4 3

wave formand is in a supporting body (frane) with the periphery seal ed
The drawings.

Fig. 1is a cross-sectional view of a filter medium of one embodiment of the
invention. In Fig. 1, 1 indicates a filter medium; 2 is a 4z m thick PTFE layer
20 having 2g/m? basis weight; and 3 and 4 are polyester long-fiber span bond
nonwoven cloths (for example, a nonwoven cloth manufactured by Toyobo Co.,
Litd.; size (single fiber thickness): 2 denier' and 15-100g/m® basis weght, more
preferably 20-70g/m? basis weght). 1-20g/m? more preferably 2 10g/m?, of a
polyester-based hot-melt adhesive (e.g., Diabond (trademark)) is coated so as to _
25 adhere PTFE layer 2 to flame-resistant span bond nonwoven cloth layers 3 and 4,
and is then melted and adhered by heat at 160-200°C. The entire thickness of
filter medium 1 is 100-1,500 x m, more preferably 100-70 x m. Filter medium 1
preferably has 10-100mmH,0 (at 5.3cm/sec) pressure loss, 99.0% or more -
particle collection efficiency (at 5.3cm/sec, 0.1 » m) of DOP having 0.10-0.12zm
30 particle diameter, and 0.2-3 1 m pore diameter. :
Fig. 2 is a perspective view of an air filter unit of one embodiment of the

invention. In the figure, 1 indicates the filter medium mentioned above, 5 is a
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air ‘permeabl e supporting material is essentially nmade of at |east one

mat eri al sel ected fromthe group consisting of polyester and

pol'yam de. It is preferable that mni-pleated filter el enents,
having a band- or 5 ribbon-shaped spacer nade of a hot nelt adhesive, are
kept in thephahd- b ribbontshiaped spacet mddecofa hof-mdleadhesive iifor exhisple Diabond

mni-pleated form it is_conpact and the entire, area, f the filt
woul d be ut {trademazk)); and §-P\are frammes. hEﬂan@sl '11%591619‘? Py at; gout 4bmm

dovi cos " gl h et THE ek mlinils BFol BpuE HEE bt Bl 26 B B
air filter ppids béweRdl tHap&la) 298 fimédd af 5l NGdpthetweeanihe wwk of

the filter mediumis sealed with a hot-nelt adhesive. Wth the use of the
hot - 5 nepaceadheare preferablyanonnd: 10:A0pmomexe ipreferably abeut 26may, cebhe o

low level . . d i,b . 11 hi Se.i i - :
il tor gencPaEPhgry gf flter mERNE 1 45t PR Hikidd BuPplcp ¥ s B ol BOAIEA i
f1ame-resi shayt MeRPAIHdsHe (2., DiaBond)scys d@ﬁrbwexﬁmméﬂgage.

fl ame-resi stant nonwoven fabric. . This invention_ is explained
bel ow i n f urt her Figtashowsy araspes seatipn of spacer & shgwiydn Fig. 2. Spacer Figy 1 s

a cross-sectiponal, vi ew of fi r ' |

i nventi on. Pﬁﬁﬂedi. oyer i%ﬁ%ﬁo&@dﬁﬁ@ﬂﬁ QO%HEQF &r‘%}%&@gﬂg@ﬂ tPé rc%if‘%]i ?Iii. %.E:er
PTFE | aygr abdifiaying 1 tHiekndsshsfsipacue 5d6taboad d ndman Dde &6 spacdry®sdiecan
| ong-fi ber span bond nonwoven _cl oths_(for exanple, a nonwoven cloth

manuf act ur eunifprmdy pesmeste through filfer medium d; ngl e fi ber thickness): 2

deni er; and 15-1@0q/. . ' ' - : :
basi o vegnt) . 1. SBerY Shtion B Endlalie belohPhi furiher AGILFRefbrifle 1 dadtplos.
pol yest er - bgs ¢He Tellowdhg eﬁﬁhgiés\{ préssuge lodd, peendabilityrecrveinging efficieneyl and
as to 25 adhere PTFE |ayer to flame-resistant span gond({lwﬁe cloth

| ayers 3 andmpunt of defectedongnaric matexials, fotad enganis earbans , Hig

160-200[ err . C. The,enthre thi . Tl ' ' <1, 500
[err]m iior hgﬁ'pérgF% r%ﬁgéi?(r{}@???% TElsﬁngerF’réehg):'du(gngP% Alt ?e%‘% S gr%bl y has
10|‘ |100{n_71‘|[ e%@oﬁﬁhgiﬁt‘éﬁ&l@ ahdBtandairé of Test Mthodofor Contleustion op Ait Filter
collection e

| ci enc at 5.3cnm sec, 0.1f[eryr f DQP having, 0.10-0.12°
[err]m 30 Medladﬂéﬁé\ gimtlérli?"é?)om.measwr@drl}y R@&@WW@@S-

Fig. 2is a spective view Qf prafilter unit of one enbodi nent of the
i nvention. Kﬁelfxﬁgswfeg&s&m%\% md’ul@g%eg?o he filter medi um nenti oned above, 5
is a A sample was cut into a circle having 47mm diaineter, and was then set on

20 a holder having a 12.6cm?® permeation effective area. Pressure loss was
measured at 5.3cm/sec air velocity.
(II) Permeability

A saﬁple was set on a holder having 100mm diameter, and the flow of air

permeating through the sample was set at 5.3cm/sec. In this condition, highly

25 dispersed DOP (dioctylphthalate) particles at a concentration of 107/300ml were
introduced upstream of the sample. The number of particles having 0.1 pm
particle diameter was counted at the upstream and downstream sides of the
sample by a particle counter (LAS-X-CRT by PMS Co., Ltd.), and the
permeability (%) of particles was found from the ratio. '

30 (III) Particle collection efficiency (%)

' Particle collection efficiency (%)=100 — Penetration efficiency (%)

(IV) Measurement of organic materials of filter medium

15
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=~

band- or ribbon-shaped spacer nade of a hot-nelt adhesive (for exanple

Di abond (trademark)), and 6-9 are franes. Filter nedium1l is fol ded up
at about 40mm wi dth. When the filter mediumis seen fromthe front,
around 2mm w de gaps (gaps between the peaks) are fornmed by spacer 5.

Gaps between the A éilterchediun Rasdile wad ﬁe%@&gm&og}rlﬁbf&pﬂ&em-l.mﬂg),
preferably about 25nmm _ The . periphery of filter_ nmedium 1l and the

i nsi-de surf &and prasfsealed g aglasecontaingr. wi The filter mediym yeas theaheleaned at

Cross sect i oty EpRind Rl BT by birh SRR Bure air (ATR Zerb' A e Beiiod by,
| engt h ar ourgum@oid Seikd ThemitslistCo.| DOQ) Ati0IE 1teiuih fof 2 hdwis. 1Qn medi um

1. The thickness of spacer 5 is about 1mm Due to spacer 5, air can

uni form $ pectivated carkarytube (3Q5 maaudactured by Shibata Chesnical, Equipment Co.,
| ai ned below b further detail b Log t . ol

Foll ovi ng e 20bmg acih e finon” SOLL Bickh! s BAGTRY 5k ens prteB secHon. af

amount of dehelfsk irtadr. ABirB6nAetnpdratate, Puda Hif wadfeifeatdPat 0. i@k /nin

Tenperature Pressure Endurance Testing Method of an Air Perneable
Suppor ting Nar 8dikoursaand sfhigasmasdragped. MAftesdhedrapping. $he aetivated earbon

(1) Pressur FHbeRunbs Wiy TAABEG 2o ERASE oR, dolet o Bl iy B 388
circle havi niggddigmditeriRlssf thrndblueion were detbcted BPa gusihirBaiatbardplninss

12. 6¢cnferr] perneation effective area. Pressure |oss was measur ed at
5. 3cm sec aispeglavmatey (GC-MS)( | [ThefaCM$H(QP11000) is manufacimredhy e was set

thr ough ¢ e Lo SR G PR SepaBion kst Wl 1 of Ot (Y, TG e w0
di spersed DRtéel 418 thé pRrginicaiss) thebvés lof $ha GE-MSReghkept apBO for five
10[ err]/300mM were I nt roduced u%st ream of the sanple. The nunber of

particl es hawinwfes, and syag raised to PG @AtelQCimin and fhenkenh therexforttieo
‘upstreamq.and. d Str .sjides of, the sanple by a particle counter
(LAS- X- wuﬁﬁ%@@ﬁf@f%&%ﬁﬁ t he perneability (% of particles
was found from t IMTthe Rifoination onl 4 dbtddbéd bfgsnie haeidlpasidlic every de¥%nd for

Particle collection efficiency (% =100 - Penetration efficiency t( N
(1V) Measur emadysisf dnghie tnvention, hiosveyer thet idengiditataon accuracy of organic
15 '

materials was not a concern, but the amount of the materials detected above the

allowable limit was important.

20 The amount of detected organic materials is measured according to a
working curve of toluene. Thus, the detected vélue of organic materials per
gram of'a filter medium was measured from value/sample value (g). In the
above-noted measurement method, the allowable detection limit from a blank
test condition was 1ng.

25 (V) Method of measuring the total organic carbons (TOC) of an air permeable
supporting material _ _ |

TOC is measured by a purge and trap method applying gas
chromatography. First, an air permeable supporting material was cut into
6cmx6cm by scissors which were washed throughly with acetone, and the cut

30 material was again cut into 5mm squares so as to prepare a sample. The sample
was placed in a sample tube which had been kept at 80°C, and was washed by
the flow of pure helium gas at 80°C at 80°C/min. flow for'sixty minutes. This
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A filter medium sanple was wei ghed (1.0-5.0g, nore preferably 1.5-3.0g),
and was ‘sealed in a glass container. The filter nmediumwas then cleaned at
roomtenperature (25[err]C) by perneating pure air (Al R-Zero-A manufactured

by Sum tormp Sei ka Chenmicals Co., Ltd.) at 0.1 liter/mn for 24 hours.

An 5 acti Vﬁﬂtﬁﬁ@ﬁ’@eéﬂ&bﬁsﬁ@@ 15in8 HE b A tofYheeatihg Teiflerature of
Equi pnent Co. d.; Orrg activated carbon; 20- 4 mesh) was placed at
the gas outtb@ta@e&hebuMm generg.HES@"@gs cont ai ner. room t enper at ur e,

r/ 24 d f
rapped. Arter (VBAEE He prie condihe; bk ere wantgrin aﬁﬁw&?stoeﬁw%regaﬁs.“ﬁé
1 mliliterfgasReninites! %@@cmo%sﬁeﬁ@ﬁﬁt gém:rﬁaéd/ﬁein t]i’é‘ﬁlaﬁlee Were PAKEN bt

materials of the solution were detected by a gas chronatograph nass

spect r ofet efromGhevsymplh tulgowe gehrand wre |thenantmduced &0l arap tubeShiThelzu

Corp, and | | d
detect al tYﬁﬁ)@? Bnaiats WeRE AiGimthted e tondetied R B dheosBont (quartr,
five Uli%chfﬁhd\ﬁéeﬂ absled tb4@TVliathbGrap thBE er'mlé;{ the abaerbawast

there for two 15 mnutes and thirty seconds. he informati on on

a det ect ed imemediatelmbeated tw\&b4°£3ala@d theemateriglson the absorbaanamm xeleased

h h |
mt or i a1 o VB BasARET SRk ASctRE. | BB RbleRRed BaE e intee Ritd Yoleak cd above
the 10 2l diroabidgtaphy, andStHeRRAbLAL bf THIC was me-EQﬁré‘HTD UPhe Phealfirdig €d

organic materials Is neasur ed according to a wor ki ng curve of tol uene.
Thus, the dtmmhtmnswelaefoﬂowsgam c materials per gramof a filter .

di I I t ed
eastr enent et 58 bR Eh7 SO A B el ot matan O Toct

condi ti on was |rGolu%§n FHDN’PIER‘LAB 22 WIIGHOCKE RS G lusi Acs oar bons

(TOC) of an air perneable pporting material

nmeasured by a p @m&‘emamehéﬂﬁpﬂmg(lghmmut%) &wmmgn@me
First, ]Sn air(i ernmeabl e supporting material was cut into 6cnmx6cm by
sci ssors wh %N;E’t‘gd throughly with acetone, and the cut 30 nmateri al

was again cut '%&ﬁﬁ&l@qw@ﬁ%oﬁ‘wﬂbﬁ ToRPaiaude)sanpl e. The sanple
was placed in a sanple tub i ch had been kept at” 80[err]C, and was washed

by t he(ViI) ﬁvgh perature Prespwre findafance|Testin thod of an AirfReymeahle
Si xty m nut§s ortmgMatenal 16

Each air permeable supporting material was cut into 20cmx20cm squares,
20 thus preparing samples. The éample was sandwiched with a polyimide film
having the same size as the sample (125 u m thick APICAL manufactured by
KANEKA Corporation), and was also sandwiched with a 3mm thick fluorine
rubber sheet which uniformly applies pressure to the sample and has heat-

resistance.

25 The sample was then set on a heat press device (DA050 manufactured by
MATSUDA SEISAKU Co., Ltd.), and was pressed at 25kg/cm pressure and 180°C
for thirty seconds.

High temperature pressure endurance is calculated from the fo]lowing
equation; |

30 High temperature pressure endurance (mmH,O/basis weight) = preséure loss

after the press/nonwoven fabric basis weight (g/m?) X 100.

The pressure loss after the press is measured at 5.3cm/s air velocity

17



condition was established, since the upper limt of the operating

-tenper ature of “the air filter unit is generally 80[err]C

Under the sanme condition, the gas . was again allowed to flow for

fifteen mnutes. Volatile constituents generated fromthe sanple were taken

out 5 frogdhed $6 Rl SrehUiering ¥ @idmetdRGf\1H 0enth(85en %) at ¢te cedtéopertiomof
t ube. The vol atil e constituents were accunul ated and condensed on an

absor bent (theatast samplewool ) whi ch had been cooled to -40[err]Cin the trap

materi al's ont VY cBeorBkotAEss Vet Chiibis RTLIAY Fiict M@ A No.

The rel easeglg%7yvas I ntroduced to gas 10 chromat ography, and the anount of
TOC was measured.” The measuring conditions are as foll ows: :
Gas chr dimat bgAppligati®C14A manuf act ured by Shi madzu Corp. ;

Col um: FRONTI ER.LAB Ul tra, ALl o | ] Jsar -2

Tenperature: 50[ ”rs]EI@SL g‘%k@ﬁ#f@eﬁ)h?ﬁ %@%wﬁgérm%%forraﬁ%n Hg&&ﬂ%?
10[ err] C/ m piyt @fteARtbdia a'!i)plied for apt tleaRa#d. 00 1: 50 (Colum flow

10m / m nute). (VI) Hgh Tenperature Pressure Endurance Testing Mt hod

of an Air PBr8pedimen Supporting Materi al Each air perneabl e
supporting J al S_C lhnto 20cmx20cm squares, 20 thus preparing
sanpl es. Th%%ﬁ?@%@?nﬁ%?é ed with a polyimde film havi ng the
same sigg as SREDY FivelSpeciMens M thick API CAL manuf actured by

KANEKA Corpo(rza)tt%@%n), and wﬁ%ﬁe.al so sandwi ched with a 3mmthick fluorine

rubber shee8. Butractioni sfoPpacjmeppl i es pressure to the sanple and has heat -

resi stance. 25 The sanpl e was_then ' ' v '
manuf act ur ed by IBbe ex%%ﬁﬁﬁegﬁﬁfﬁ%% ?és'rﬁedf ?u@%ﬁ%ﬁ\%\xlgy g?’ggg%c# %t% pg%g%m
pressure angf fig0r&uiléd size frémra takdetyd obferods. H gh tenperature
pressure endurance is calculated fromthe foll ow ng equation; 30

Hi gh tenperét Br@e@im%e@mﬁmeﬁﬁp@m[ err] O basis weight) = pressure

The pr Wur e | osBoRrBHR IS Baet ot Sppaich Ik il Petbht bodipbhiure

drying oven at 50+2°C for twenty-four hours. However, if the specimen is -

unaffected by this heat, it could be left in a constant-temperature drying oven at
105+2°C for one hour, instead. Then, the specimen is left in a desiccator
containing silica gel for one hour. '
20 5. Testing Device
(1) Supporting Frame 11 |
A 250mm (inner side: 200mm) X 250mm (inner side: 200mm) metallic
square shown in Fig. 4A (a front view) and Fig. 4B (a plan view) with 100mm leg
length is used for supporting a specimen and providing sufficient permeability.
25 (2) Wire Gauze 12
A circumferentially reinforced 250mm X 250mm 20 mesh (standarized by
JIS G 3555 woven wire gauze) is used.
(8) Metal Frame 14 _
A 250mm X 250mm square metallic plate shown in Fig. 5 (with 1.6mm or
30 more thickness) having a circular hole of 200mm diameter at its center and
having enough weight to hold the specimen onto the wire gauze 12 is used.
@ Heat Source
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1 71" applied to an area having a diameter of 110mm(95cn) at the

center- portion of the test sanple. (VIl) Standard of Test Method
for " Conbustion of Air Filter Media (JACA No. 11-1977) 5 1.

Appl i cation This test nethod prescribes the standard of test

met hod for conbupdisifleftylenetet@imide (0. %% 828 Winlebst; 'a91d £8nrk! 133 SEs).
2. Speci nmen (1) Size: 250nmX250nm 1 (2) Quanti ty five specinens

3. ExtractidR) Sﬁabpem men The extraction of specinmens is carried
out by sinply reﬂnpw n a speci nmen of the required size froma targeted
obj ect. g Treat ment of Specinen 15 Before the test is
carried outg, Festi@CPFoRBsd S kept in a constant-tenperature dryi ng oven

at 502[err]C for twent -four hours. However, if the specinen is

unaf f ecbed H}) Each specimen is rembvied fronethe destacatons r placing the/wiralggiuze
oven at err] C for .one | nst ea t he.spec s left
in a desicc#t ?ﬁl%ﬁL supb%ttl%g r#’f%ersﬁl a¢.showp ip lgoﬁe&?‘f’oﬁpem%n %@iﬁc?ﬂd’n
Devi ce the éauzﬁtmor'rhagn&agrﬂaaﬂé 14 is also placedl &é@m(gﬂwﬁﬁeﬁu@ﬁ an&oﬁm
X 250mm (i nner side: 200mm net al square shown in"Fig. A (a front
vi ew) and Mumﬁremq)bﬁtheﬁw)mntlﬁ pressed 149 The heagmsguice is ﬂmaoplfaoed on

supporting S provi di n suf l.CL en abiljty. 25 (2) Wre
Gauve 12 the deter TA of the Bpftinisn 13; #9d et d BY HERIFLX 250mm 20 resh
(standgpi zed byCombus'lHoﬁ Gnd2EendaYE Bxdinifed, aéﬂd?ihé &é&ﬁﬁﬁlm lengtH 8f oMt 2l
Frame 14 Omm X 250mm square met al pl ate shown In Fig. 5
(with 1. 6mmmboﬂaed1seet10n iadome k¢ cémtrahline ofi theuipamﬂmhes ntea%ﬁmdn thlmrret er
at its center and
measuring the average values of five specimens.
7. Evaluation
(1) Flame-resistant filter media are those with 150mm or less maximum
15  carbonized length. When the tests are carried out on both front and back
surfaces of the specimen, the longer maximum carbonized length is evaluated.
(2) The following conditions are recorded:
(a) when particularly unusual combustion conditions are found from five
specimens. '

20 (b) when the heat source is maintained.

A PTFE porous film was manufactured based on the method described in
W094/16802. More specifically, a paste of PTFE fine powder (POLYFLON |
FINE POWDER manufactured by Daikin Industries, Ltd.) and an extrusion

25  assistant is pushed out and pressed so as to prepare a 100z m thick film. After
the film was stretched ten times in a longitudinal direction at 300°C and twenty
times in a width direction at 200°C, a PTFE porous film was prepared which had
5 1 m thickness, 0.35 £ m average pore diameter, 42mmH,O pressure loss,
0.0000027% permeability, and 99.9999973% particle collection efficiency.

30 EXAMPLE 1

A polyester-based hot-melt adhesive (Diabond DH598B manufactured by
Nogawa Chemical Co., Ltd.) was applied at 6g/m?® ratio by using a ribbon coater
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havi ng enough weight to hold the specinen onto the wire gauze 12 is used.
{4) Heat Source 18
Hexanet hyl enet et rani ne (0.15g; 6.4nmm di anmeter; and 4.3mmt hi ckness).

(5) Scale 1mm scal e. 6. Testing Process 5 (1) - Each

speci nen i §g Hfhfhé drtse

12 on the sﬁﬁgggﬁll ng 'Fﬁrquerrgh%lpﬁl %ﬁ%&%ﬁ)r?ﬁﬁge léG)%S%fdﬁie%gsspec@,n\%f;lﬁfgi?ge%fdaéed
on t hevhjeh aae pidvlyckter mgafibér span bdnd sunsveverptlatisi (6802B mrmudpetiredn

13, and the citcu rence_of the.,specinmen i sed 14. The heat"

source is Sﬂé?ygbaée% ﬂhi; Size: gﬁgn&"e"ri_tb@rglsl?elﬁ_r}‘t_f %Qg}élgéci men 13, and is

ignited by a mapghy PPEE layer 2, Q%Fﬂﬁ%nﬁm Wag%eafeﬁ%@{q&%at&gg’t%%
a ra I ne e

maxi mrum | ength of a carboni zed section ong the cent
speci me i daymradiSeaind dhtkey were mealted and adhered ¢o ageh othercintofonkei bely by a

i . ) i 1) Fl - i St L fil di.
hose i ¢ hheabmiles & 18t aat Lmiss e snish AbGS nEine wbfer ROdBH 41 o
carried OUly;on o8 Jnf 59@{-da%@ewn%l{éﬁcﬁ;hmeter, ShhALT p?éss}u%@ 15%29% ) 02796

| onger maxi mum carboni ze I's eval uat ed. oW ng
condi t i onspenetmasionreffidiency, and 99(299987180% particle cbHeétyon effiriehcyc onbust i on
conditions are ung, from(five speci,nens. 2 h) when e ,heat
source i s mai ntigﬁﬁ?’ef medium (3.0g) Wﬁgﬁqﬂlﬁ Frb &SP r,m%g%@amed
based t h& el ' ; ), W4 a
paste 0 P@ F%Q‘%‘%ﬁgrﬁ %%%_nglﬂz?}gﬁd bmé?&%%ﬁﬁgﬁé actgit}?g&- ;(/)dbai kin
| ndust ri es Actorilihg 0 dhamresulty the dete2ted ammusit avis beloputiiecallownblenlingit (hsgd

so as to prepare a 1Q0 rrlmihick film After the filmwas stretched
ten tines pﬁrgrmneﬁ Yhﬁ‘i‘@@c&%g‘lg- ferr]C and twenty
EXAMPLE 2

A filter medium the same as in Example 1 was prepared, except that

15 polyester filaments span bond nonwoven fabric in which a flame retardant is
copolymerized (HG3OIB manufactured by Toyobo Co., Ltd.; size: 2 denier; basis |
weight: 30g/m® was used as layers 3 and 4.

The amount of detected organic materials per two grams of the filter
medium was measured as in Example 1. According to the result, the detected

20 amount was below the allowable limit (1ng) per gram of the filter medium (Fig.
4B).

A combustibility test (JACA No. 11-1977) was carried out on the filter
-medium, and the medium which had 110mm maximum carbonized length
satisfied the standards as a flame-resistant medium.

25 COMPARATIVE EXAMPLE 1

A layer 3 was filament span bond nonwoven fabric (ELEVES T0703WDO
manufactured by Unitika Ltd.; size: 3 denier; basis weight; 70g/m?® having a
core/sheath structure and comprising polyethylene and polyester. Polyethylene
was used for the sheath section of a layer 4. The core of layer 4 was a fw_o-layer

30 span bond nonwoven cloth (ELLEFIT E0308WTO manufactured by Unitika Litd.;
size: 3 denier; basis weight; 30g/m?) comprising two kinds of fibers - a core/sheath

structured conjugated fiber having a polyester core section and a core/sheath

20



times in a wdth direction at 200[err]C, a PTFE porous fil m was prepared'

V\/ni. (;h had 5 [err]mthickness, 0.35 [err] maverage pore dianeter,
42mH20 pressure | oss, 0. 0000027% perneabi lity, and 99.9999973%
" particle collection efficiency. 30 EXAMPLE 1 A pol yest er - based

hot-nelt ad ' ' : '
ot-melt a Q&%ﬁe&?ﬁ?;ﬁ?@%ﬁ%@f@%d&iﬁgd Pblyester Slectatcsdetion &xed aCo- ,

Ltd.) was appli ] at1o by using aribbon coater
19 polyestdramae Eeetioi.act ured .by | TWDynatec) onto at |east one

f fol ' : _fi
Gnoven ol ot he (SASBRR Reras Sl was used a3 PRk derey B, Three Livaas 2 ¥'and 4
denier; b asg%-r #gfrléﬁeﬁo %@wexée a%c}]hered tg ah%tﬁéri-: Ento?0i bedy tB% 'ﬁ;fgaboﬂimsat

filmwas us amnatin ree yers 2, 3 and 4, ey were
mel ted agnd 200% erthd 20mrvimiin didecspded; thus prépaning\a filter medivat. rol | er at

180[err] C and 10m m |_i ne speed,. thus providin filt di 1 i th
0.35 [err]m averégénﬁﬁﬁinﬂfeaiﬁ}@@rgﬁﬂgmebﬁg%gﬁ e(%;%‘genbsl ggg}ﬁ)ﬁ%ﬁ%‘ "
penetration J.C 730 j cl | | GleAREN%:

The filter nn‘gefé#l Jﬁ% %%g)e%\y/;%&%ga%}%% %%Eg#?s's %&f\%ﬁnﬁg?ﬁg%‘é{fh%bdet ected
10 or gani corgdrtit indateriwds suck asdoddcinye (3reg) atridecamet (dag)yeds.uwersedetectad(is.

Accor di to th [t th d ] e
e e P oo L AL ™
ATl e%or rr]?g%&'ﬂ&%l&%g%t%%&a@é?H@Jeﬁk]atvmgaée%eg%E thdiXaetiddicane; and a

pol yester anents s nonwoven fabric In Ich a flane retardant is
copol yner i zpdak HG3IZRB sevonllathdicatbsyerimgdetando. Thetrdaxinsumecarbodizedelength
basi s wei ght: 30g/nferr]) was used as |layers 3 and 4. ' The
arrgynt of d#ascakayeos M materials per two grans of the filter

medi um was ' g?gmfp . According to the result, the detected
20 anount m%ﬁmr% owa%?eél I mt (1ng)g per gramof the filter

medi um (Fi g. Thé Bmount of detectedlorgamic miaterials pet dsig ¢faDalyyropyleneo77)
‘'was carried out on the filter

maxi mum&ar Blﬁ‘#%cﬁl%’hg% um (ELITR(TR]OI }nuarxq Qt%rteg'%ymfgsiro%rg &QI, i.@d %gasllomﬂ

measured as in Example 1. Per gram of the filter medium, organic materials

such as dodecane (4ng) and tridecane (7ng) were detected (Fig. 4D).
In Fig. 4D, a peak at 951 seconds belongs to dodecane; a peak at 1050
seconds indicates tridecane; a peak at 1143 seconds belongs to tetradécane; anda
20 peak at 1228 seconds indicates pentadecane.
| EXAMPLE 3 |
After laminating PET/PBT sheath-core structure filament span bond
" nonwoven fabric (BULCOMPO (HP6060G) manufactured by Toyobo Co., Ltd.;
size: 8 denier; basis weight: 60g/m?) onto both surfaces of a PTFE porous film,
25 the layers are melted and adhered (laminated) into one body by a heat roller at
9250°C and 10m/minute line speed, thus providing a filter mediﬁm' having
45mmH,0 pressure loss and 99.99999% particle collection efficiency. ~ The filter
medium (3.0g) was sealed in a glass container, and the amount of detected
organic materials was measured according to the above-mentioned measurement
30 method. According to the result, the amount was less than the allowable limit
(1ng) per gram of the filter medim. |
EXAMPLE 4
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sat ii"sfied the standards as a fl anme-resi stant nedium 25 COVPARATI VE

EXAMPLE 1 _ A layer 3 was filanent span bond nonwoven fabric
(ELEVES TO703WDO manuf actured by Unitika Ltd.; size: 3 denier; basis
wei ght; 70g/nferr]) having a . corel/sheath structure and conpri sing

pol yet hyl ene and\fhsy Mesiiingd SlatRbhRY 5FAE bond noMEoveReRAbERY mhie ofhewitelting
section of a layer 4. The core of |ayer 4 was a two-|layer 30 span bond

nonwoven clpsint PET/ EighmedtogwnhBER Gbensr QAR X unanufactured by Unitiks ktd.; 3
deni er; basi.s weight: 30g/njery]) | S wo_ e nds Of Shidaers - a

cor e/ Sheat rize: £ 0gier: ol rSeht- RORES pRiHotht Srlafts oft pOTiE porgpdtim,
section andha 1a96# wafédelted and adhered into one body by a heat roller at 250°C and 0
structured conjugated fiber having a nodified polyester sheath section and

a pél yeimimiparte lie spend, thus providing\adilter predivm havimgwbdmosdOas a
PTFE | ayer 2. Thr | ayer d 4.. re. | am.nat ed, d re adher ed
to cach’ ot MIPSTYREGo8h Ehuan o899 hasrticly rilfeckioncetisingy; , Mo Hfiex st
l'ine speed,(3lgpySyad 6268 1M Pglash cBhtaTREE URA the amount ofdekactEd 3FBhRIc, t he
organic materials per three granms of the filter _ nmediumwere detected

and t hen nensterials was mpasured acdording tathenahtivenmentioned gneasnumemanti method.
such as dodgcan 3N tridecane (4n et.c. re detecte | 4C) .
T F g ac Acoptine G thsteenls 4AA amhatit irad d6sn it s aliowalne fintts (Laeae?
secondggbelQaes of thd FliéeGasdima Peak at 1143 seconds indicates tetradecane;
and a peak at 1228 seconds indi cates pentadecane. The maxi num

car boni zed EXAMPLES 5185 COMPARATEVE EXAMPAMBSA0 VE EXAMPLE 2 _

The amount of depected organi G, mateysi er 1.5 .2 pol.ypr .ene 1
electret filter ﬁﬁ?ﬁ(‘é@‘?ﬁ%‘ﬁ%ﬂiﬂsﬁc?ﬁ%‘”& %V‘V%Ba%b%m@éﬁg ar_f(ﬁgé}g\'légais
neasur ed aglikértforPaPBOOT iR 28RO In BN@idth! diféctitit bt 200T Qﬂiﬁs?b@hﬁﬂéﬁ S
such as dodecane (4n %‘ and tridecane (7&%) wer e detected (Ifl g. ) .

In Fig. 4D xm pbick BTF85porousdHms withod? 1 m avrnagarmore dliameliern 30009310
secondsg_i ndicates tride : yeak at 1143 seconds bel ongs t et radecane;
and o 36 " puseede lobs §RECHTnals Rfille Slkh iR Rt "R TOU Wal' dHBsR
from these PTFE porous films. ‘
EXAMPLE 5
As layers 3 and 4, a polyester-based hot-melt adhesive (Diabond DH598B

manufactured by Nogawa Chemical Co., Litd.) was coated at 6g/m2 on one
20 surface of an air permeable supporting material A (PET long- fiber nonwoven
cloth (ECULE 6602B manufactured by Toyobo Co., Litd.; size: 2 denier; basis '
weight: 60g/m? melting point: 265°C).
A PTFE porous layer 2 and layers 3 and 4 were laminated, and then
melted and adhered into one body by a heat roller at 180°C and 10m/min. line
25 speed. As a result, a filter medium was prepared which had 31mmH,0
pressure loss and 99.9995% particle collection efficiency.
EXAMPLE 6
As layers 3 and 4, a poljrester-based hot-melt adhesive (Diabond DH598B
manufactured by Nogawa Chemical Co., Ltd.) was coated at 6g/m? on one surface
30 of an air permeable supporting material B (PET long-fiber nonwoven cloth
(HEIM H6301B manufactured by Toyobo Co., Litd.; size: 2 denier; basis weight:
30g/m? melting point: 250°C). |
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EXAMPLE 3 . After lam nating PET/PBT sheath-core structure

f-i | ament span bond nonwoven fabric (BULCOWO (HP6060G nanufactured by
Toyobo Co., Ltd.; size: 8 denier; basis weight: 60g/nferr]) onto both
surfaces of a PTFE porous film 25 the layers are nelted and adhered

(I'am nated) int Q&Q"’H‘E?@h‘o@é’l&?e?%n&‘l%&@fs $hind 4 we%é@&ﬁm&@daaﬂdlt%%m hut e

| i ne speed, thus provi | ter medi um havi ng mH err] O pressure
| oss and gmmgmd)adherﬂdemto Iolnechthyrbjeiifheatemﬂpr afH(SOF’(DI 10m/minetinem

3.0g9) was seal,ed jn a ntainer, and the a ect

grgagl)c rratWQts“%%g ﬁg‘ég éﬁg‘%}” M%W?%Wﬁ@%ggvﬁl%%g% ur ement
30 net hod. pr@%&ﬁ’fé’ld%gMQ@QQQS%“#&I&&@%oHQ&EBHe%eﬂ s than the allowable .
limit EEr gram of th I 1ter medim MPLE 4

2 1 5 7 After laminating filanment span bond nonwoven fabric

de of | | t t PET/ hi | ting.point, PET fj] Rl X
anuf act u?é“d”ﬁy Ag fhyops 3,6 &, ot permeabIE SuppipuRe materiala g (FETET
509/ nf er 1] )copdisReRél HlaMEhES BSnWbvén Billic BBURCOMPOHPE060G Q&aﬁéﬁ‘éﬁﬁréﬁeﬁf

nmel ted and adhered into one body by a heat roller at 250[err] C and

10m mi nut e ’Ibmboﬁmeﬂatdt Bize: §rd@m¢£h, bgsis Weighsr GGymzu mdihngmymtl:rﬁﬁq"@ (RET)
edi um S 236 WEB L aerh TAminatad, a8d Bhte, irlfed i SoRbted i ons Body
det ect 9f ongaRiHeat rolleFat Q‘O'nﬁ'hﬁn""ﬁ%erﬁﬁéﬂrd‘i‘ﬁ 2909, di A6 al sl :ftilter hnedmm

"above- nenti oned neasur enent net hod According to the resu

anount was was prepmledIWhmh hmdv@ﬂhmnﬁzﬁ pressury lq:ssrand)99@n9$9f/oparﬂneief ilter
medi m XA%}/P 5- 10, COVPARATI VE EXAMPLES 3-6 . The filnmns
used in Exaﬁ‘?]ﬁ? CANGENEY-4r awn 12 times in a | ongi t udinal di rection
at 300[err]|ExAMPREE 8 mes in a width direction at 200[err]C, thus preparing
3 [err]mthick PTFE porous filnms with 0.42 [err]m average pore

di ameter, 30 m’d—ly’a ldyerd 8 anst 4smmrmm1asdpﬁmmmvﬁlaﬂs? D EBlowaneling
efficiepcy. was dete

EXANPL I.l_.55 pomt 5 mix spun ﬁ.{ament nonwro%rlln ese (ﬁm %)%g\h;é(]) .

manufactured by Unitika Ltd.; size: 2 denier; basis weight: 70g/m melting
point: 264°C (PET); low melting point: 238°C (PET)) were laminated, and were
melted and adhered into one body by a heat roller at 10m/min. line speed and
240°C. As a result, a filter medium was prepared which had 33mmIi20
20 pressure loss and 99.99995% particle collection efficiency.
EXAMPLE 9
As layers 3 and 4, a polyester-based hot-melt adhesive (Diabond DH598B
manufactured by Nogawa Chemical Co., Ltd.) was coated at 6g/m® on one surface
of an air permeable supporting material E (polyamide long-fiber nonwoven cloth
- 25 (ELTAS NO1050 manufactured by Asahi Chemical Industry Co., Ltd.; size: 2
denier; bases weight: 50g/m?; melting point: 223°C)).
| A PTFE porous layer 2 and layers 38 and 4 were laminated, and then
melted and adhered into one body by a heat roller at 180°C and 10m/min. line
speed. As a result, a filter medium was prepared which had 28mmH,0
30 pressure loss and 99.9993% particle collection efficiency.
EXAMPLE 10 .
As layers 3 and 4, air permeable supporting materials F (PET/low meltiilg
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- As layers 3 and 4, a polyester-based hot-nelt adhesive (D abond DH598B
manuf act ured by Nogawa Chemical Co., Ltd.) was coated at 6g/n2 on one 20
surface of an air perneable supporting material A (PET | ong- fiber nonwoven
cloth (ECULE 6602B manuf actured by Toyobo Co., Ltd.; size: 2 denier; basis
wei ght: gﬁé‘ifn% PRT c6Fe/EhéithPRlamhéntdGidnivdvcn) fabnc (Gr5040 mahuﬂ?é’cﬁ:ﬁr@d) byUB)ray
layer 2 and layers 3 and 4 were |am nated, and then ted an adhered
into one boBydltgtrl&Shlam sigeq Z:demerlbéflérvi’?lghﬁ-r@dmﬁ mqltmgun%ntz-?

L S YRR CPTPE e AT e s PRERSHE

As layers 3 dﬁafbﬁé b&1PBY ¥ERéAY rdlezamt rmhhﬁﬁi lisiggseidend @m@ndme&ﬁﬂt a

manuf act ured by Nogawa Chem cal Co., was coated at 6g/nferr] on one
surf ace 80 filteamediun avarprepared yhic 29man D mesrure Jogs gnd; 4%9998%

nonwoven cl o OlB manuf actured by Toyobo Co., Ltd.; size: 2
deni er; basP%l%%‘Pé’Hpg&mne Serr]: melting point: 250[err]C).

2 2 COMPARATIVE‘mBE(B'S Iayer 2 and | ayers. 3 and 4 were

| am nat ed, and then - nmelted and adhered _into one body by a heat roller

at 180[err] C andAs mmyemsra anil e a polyestgrdasedhos-mels adhesiyer (Dinbpnde NHAPGBS

d wh '
ol ect i on B EACHEd by Negays EhERT To. R0 5 Nas shafel dEBAG" 4 bife surface
per meabje SypPpR ratﬂ' @riebbld Slyspdetinghbiabéial G (PE'Dﬁv@(tSdlmt ﬁb‘er mgmwriven cloth
nonwoven fabric (BULCOMPO HP6060G manuf act ured CQ Ltd.

si ze: 8 den{man uzedby JNO-RARER; size} 2 daxier; r’R}SEﬁ)Wﬁ!ghtZ @9 ]@@PE’)

and 2l16[err]C (P am nated, and were nelted and adhered into one
body 10 .byl’ %eggbacbv@gﬁ)g lOmM mn. |ine speed and 220[err]C. As a

result, a filter ANePFEPorous ilaS2 pndlayess 3and kite Mminiiodp nadswer inebted
and 99.9999% particle col lection efficiency.

~ EXAMPLE. 8
As |ayers 3anddadheradinteone bode byip benat rolemat iamémndlppap%mdel&(mg
15 As a result, a filter medium was prepared which had 35mmH,O pressure loss

and 99.9999% particle collection efficiency.
COMPARATIVE EXAMPLE 4
' As layers 3 and 4, air permeable supporting materials H (PET/ PE
core/sheath ﬁlamenté nonwoven fabric (ELPES T0703WDO manufactured by

20 Unitika Litd.: size: 3 denier; basis weight: 70g/m? melting point: 264°C (PET)
and 130°C (PE)) were laminated, and were melted and adhered into one body by
a heat roller at 10m/min. line épee.d and 200°C. As a result, a filter medium

was prepared which had 35mmH,O pressure loss and 99.0998% particle
. collection efficiency.
25 COMPARATIVE EXAMPLE 5 |
As layers 3 and 4, a polyester-based hot-melt adhesive (Diabond DH598B
manufactured by Nogawa Chemical Co., Ltd.) was coated at 6g/m® on one surface
of an air permeable supporting material I (PP long ﬁbér nonwoven cloth (TORAY
MICRON manufactured by Toray Industries, Inc.; size: 2 denier; basis weight:
30 50g/m? melting point: 165°C).
A PTFE porous film 2 and layers 3 and 4 were laminated, and were melted
and adhered into one body by a heat roller at 10m/min. line speed and 180°C.
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15 point PET m x spun fil arrent nonwoven fabric (MARI X 90703W50

manuf actured by Unitika Ltd.; size: 2 denier; basis weight: 70gnferr];

mel ting poi nt: 264[err] C (PET); low nmelting point: 238[err]C (PET))
were | am nated, and were nmel ted and adhered into one body by a heat
roller at |&§1ani'e@ulﬂ lanBlteP ardidftwas (yre%&ﬂc?ﬁv’ﬂl& had 5511"1&&9! résdurb 16ks
medi um was prepared which had 33mH2 pressure | oss and’ 8 99995%
particle cond90i3999% particlewpllection effigivpey: 9 As |ayers 3 and

4, a polyes ive (D abond DH598B manuf act ured by
Nogavva meﬁﬁyﬁmﬁ‘%mged at 6g/nferr] on one surface of
an air per meabl ASURRE B A8 UPHRT péiméalil Bidfe R rmgng | ot h
25 (ELTAS N01050 manuf act ur ed yf)Asaﬁll %h%g‘\r‘r)lﬁca ? Q&ﬂdlggr(}ﬁ@ q‘Es:?ze

dust )
2 deni mnw@mﬁibm Gncluding addr,tmaeagentg) (60088 ngasmrg;cth@)i)by Toyobo Co.,
A PTFE s d 4 t th
el toq ond ks Paes weight ATRERS mAIang poum e ware Tanitited 5 versy m n.
line SRERAd AR adh@ﬁéd' into dnkiHdd grbﬁachéavwﬂér "\ %ﬂ/ﬁﬁn“ﬂn%"bﬂ&d and

28mMH20 30 pressure loss and 99.9993%particle collection efficiency.
EXAVPLE 10 80°C. As a regult} ayfdter medmmvaapremmdwhi@ bag ﬁ@mmH;_Qmassum s
F (PET/low,nel ti

poi nt- PET d8 ?%%ﬁ%ﬁﬂf’??%m%e tflprbion-efigiency. (5040 manuf actured by

Toray 19 |ndustpietod Badit h'é'lﬁ@h t%nﬁ%i‘h@ﬁre Ffb%bﬁré"@h&ﬂfan&o&?'dﬂ'?i ]neable
mel ting point: 264[err]C (PET); I'ow el ting point: 234[err] C (PET))

were | am naupporting metarinls| A-dowereimedsurasti The resulss arﬂashmm;l ipythe fhlewing
roller at rgé line speed and 240[err]C. As a result, a5 filter :
medi um vvasl,gq a?red whi ch had 29nmH20 pressure | oss and 99. 9998%

particle collection efficiency. COVPARATI VE EXAMPLE 3 As

| ayers 3 and 4, a pol yester-based hot-melt adhesive (D abond DH598B

manuf actured by Nogawa Chemical Co., Lt Tapleds coated at 69/r’r{err] on one

surfac of an air pgrneable upportlng erial G ( short,fiber
nonwovgﬁ cl oth mafﬁfpg aéﬂ by | NO PREER si ze: ﬁ’&gn Frfure

wei ght: 20g/nferr]; rTE|£",1h1515hrtmg Material Amount Pressure Endurance
' (ng/250mg) = (mmH,O/ Basis weight)
Ex. 5 A 112 38
Ex. 6 B 37 1.3
20 Ex. 7 C 14 0.2
Ex. 8 D 69 ' 1.0
Ex. 9 E 684 8.5
Ex. 10 F 100 3.3
Comp. Ex. 3 G 1150 . 16.0
25 Comp. Ex. 4 H 1215 25.1
| Comp. Ex. 5 I 6401 | 350
Comp. Ex. 6 J 13981 Unmeasurable

As clearly seen from this table, the filter media of this invention generated
30 little TOC, and an efficient and reasonable filter media and the air filter unit
using the said filter media (including pleated filter elements) were obtained.
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point: 260[err]C (PET)). A PTFE porous film2 and |l ayers 3 and 4
were |am nated, and were nelted and adhered into one body by a heat
rol'l'er at 10mmn. line speed and 180[err]C. 15 As a result, a filter

medi um was prepared which had 35mH20 pressure loss ~ _and 99.9999%
particle colth@akt:e4l ApplicABiRey - COVPARATI VE EXAMPLE 4 As

| ayers 3 and 4, air perneabl e supporting materials H (PET/ PE

core/ sheath fi |l ademleariyrshowanin the aboyeprEdioredostanaplesandcompanatiye 20

Unitika Ltd.; size: deni er: basis ight: 70g/ nmfery]y..nelt, PRl Nk,

264l er 1] C (SEREDIS, the Fax ARobatbranis Bateraleldetoied SEREH Ritey
and adher ed ghgdiume 3¢ thiddnveHtion is 3Rgtidbsd pbt Bfarmiof tAETTter mbditenS AP fifE,
200C. As aresult, a filter medium was prepared which had 35mH20

pr essur e5| osshighly effidess filtearmedivan and ax alit Glter omibuping the gamemre -
COMPARATI VE ES5 As | ayers 3 and 4, a polyester-based
hot - mel t adik&S Di abond DH598B manuf act ured by Nogawa Chenical Co.,
Ltd.) was coated at 6g/nferr] on one surface of an air perneable
supporting material | (PP long fiber nonwoven cloth ( TORAY M CRON
manufactured by Toray Industries, Inc.; size: 2 denier; basis weight: 30
50g/ n2; nelting point: 165[err]C). A PTFE porous film2 and

| ayers 3 and 4 were | am nated, and.were nelted and adhered into one
body by a heat roller at 10mnmin. line speed and 180[err]C.

2 4 As a result, a filter nmediumwas prepared which had
55mM20 pressure | oss and 99.9999% particle collection efficiency.
COVMPARATI VE EXAMPLE 6 As | ayers 3 and 4, air perneabl e supporting
materials J (hot-nmelt PET 5 nonwoven fabric (including additive agents)
(30030 manufactured by Toyobo Co., Ltd.; basis weight: 30g/n2; nelting
point: 113[err]C) were | am nated, and were nel ted and adhered into one
body by a heat roller at 15nmmn. |ine speed and 80[err]C. As a
result, a filter medi um was prepared which had 40mMHerr] O pressure

26



1 oss and 99.9999%particle collection efficiency. 10 The TOC and the

hi gh tenperat um,m msure endurance of air perneable supporting

materials A-J results are shown in the folff

Toble 1. ’ llﬂlﬁﬂllllﬂf N bt e Lo TG ShEET HAS BEEN
Ai r Perneabl e . H gh Te(mgsﬂMgr e . REPLAGED
Supporting Mteri al Am)unt Pressure Endurance

(ng/ 250ng) (mH err] Basis weight) Ex. 5 A

112 3.8 Ex. 6 B : 37

1.3 20 Ex1.7 A filter medlum whereil a maximum amount4f organic materials deteéted

Ex. 8 69 Ex. 9
E from saig ﬁlter medlum is 3ng or less per gram ofgaid filter me]d.mm =

100 3.3 Conmp. Ex. 3 G 1150
16.0 255 Conp. Ex. 4 H 1215 25.1

EXOWpG EX. 3 The ﬁ:}ter medium accoriiég% jo c?a‘.ll(x)xi’L 1 compxg'ﬁﬁggsg?lgﬁ%ggﬂuomet%i?ne

As clearly E%Q@@s fil@vwhivhscdmptiSes kSt petfleabRibdpSirtiny MmateMaDbh ¥t least
generated 30 little TOC, and an efficient and reasonable filter nedia and

the air fi pnersmfaqe, whergizl agnaximwan amennt ef oxgamie matetialsidetpcpdfromisaid

f2I |5t °r ¢ eiﬁ &'\eﬁﬁifgtlgt%}@ Q&)gqsisggslgrmofsmd filter nﬁ?‘“&%arl y shown in the

- above-nenti oned exanpl es and conparative exanpl es, the maxi num anount
of org&q’n c materials detected fromthe filter

3. A filter medium comprising a polytetraﬂuoroethylene porous ﬁlm which

comprises an air permeable supporting material on at least one surface; wherein

a total amount of organic materials detected ﬁﬁm the air permeable supporting

material at 80°C is 1000ng or less per 250mg of said air permeable supporting'
15 material. |

4. The filter medium according to claim 3, wherein a total amount of organic
- materials detected from the air permeable supporting material at 80°C is 500ng

or less per 250mg of said air permeable supporting material.

20
5. The ﬁltér medium according to claim 3, wherein a total amount of organic
materials detected from the air permeabie supporting material at 80°C is 150ng

or less per 250mg of said air permeable supporting material.

26 6. The filter medium according to claim 3, wherein the air permeable
supporting material is essentially made of at least one material selected from the

group consisting of polyester and polyamide.

7. The filter medium according to claim 6, wherein the air permeablé

30 supporting material essentially comprises polyester and no polyolefin.
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Theref ore

the sane are

10

. 15

20

25

30

dlumofthlsWIess per gramof the filter

'ﬂl/iﬂt filter mediumand an air filter unit using
THIS SHEET HAS BEEN

nmedi um

REPLACED

8. The filter medium according to claim 6, wherein the polyester material is at

least one polymer selected from the group consisting of polyethylene

terephthaiéte and polybutylene terephthalate.

9. The filter medium according to claim 6, wherein the polyester material is a

nonwoven fabric made of polyester fibers.

10. The filter medium accor'ding to claim 9, wherein the nonwoven fabric is

filaments nonwoven fabric.

11. The filter medium according to claim 10, wherein the filaments nonwoven

fabric is a span bond nonwoven fabric.

12. The filter medium according to claim 3, wherein the air permeable

supporting material has a high temperature pressure endurance of 0-15.0

pressure endurance is 0-5.0.

~ 13. The filter medium according to claim 12, wherein the high temperature

14. A filter medium comprising an air permeable supporting material on at

least one surface of a polytetrafluoroethylene porous film; wherein said air

permeable supporting material has a high temperature pressure endurance of

0-15.0.

15. The filter medium according to claim 14, wherein the high temperature

pressure endurance is 0-8.0.

16. ' The filter medium according to claim 15, wherein the high temperature

pressure endurance is 0-5.0.
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2 6.
CLAI V&

-
porous film which corrprlses 3n &ir perneable supporting mat rla Qﬁé@q
' east one surface, wherein a maxi num armpunt. of organi c mater P

. (AWJJIIMJIIIHIIHIHIILIJI Mo o eorpr e ng ool veet  afg P

H
&y

from said f1i7l t e filesh medivim ToRtprisinkens aﬁepeﬂﬁeablefs@@bﬁhﬁ Ixﬁ@teri@tbnlat
2. (Cancel |l ed) 3. Afi I ter medi um conprising a pol tetra | uor oet hyl en

porous fi | heagtiane surfpes ekba Matmﬂgmrﬁefémlén%npwa ; Whereingaid aint

From t no- aBErRERls BBl

I-

) AR AN JTEL BhEeiiSbERi o

per 250Ny @blespdd!frdin tH@"ng@néibﬁ Frdﬂpwyéméﬁanalpol yarhideThe filter nmedium

according to claim3, wherein a tota

anount of organic materials detected

fromthg air perneable supporting material at 80 [err]C is 500ng or |ess
per 250ng of said air perneable supporting material .

10

15

20

25

30

18. The filter medium according to claim 17, wherein the at least one material
is at least one polymer selected from the group consisting of polyethylene

terephthalate and polybutylene terephthalate.

19. The filter medium according to claim 17 having a high temperature

pressure endurance of 0-15.0.

20. The filter medium according to claim 19, wherein the
polytetrafluoroethylene porous film is provided with an air permeable supporting

material on both surfaces.

21. A pleated filter element comprising the filter medium of claim 1.
22. A pleated filter element comprising the filter medium of claim 3.

23. A pleated filter element comprising the filter medium of claim 14.
24, A pleated filter element comprising the filter medium of claim 20.

25. An air filter unit comprising a filter medium which comprises an air
permeable supporting material on at least one surface of a .
polytetrafiuoroethylene (PTFE) porous film; wherein said filter medium is bent
in a wave form and. is in a supporting body (frame), and a periphery of the filter -
medium is sealed; and wherein said filter medium is the filter medium of claim
1.
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5. fhe filter mediu ' aim 3, wherein a total amount. of

organi c materials d%hnillgﬁ Ml &ﬁ air permeabl e supporti ng T SHERT S BEEN
Cis 150ng or |ess g air perneabl e supporti g rrat&spﬂlcﬁn

6. =)

The filter nmedium according to claim3, wherein the air

supporting material is essentially nade of at |east one material selected

fromthe group consisting of polyester and polyam de. 7. The filter
medi um accopgi N\l airchilefudit ¥hApeisthg ASAlE6F ARAMA WHRIOEShPEisERhAl did
essentially conprises polyester and no pol yol efin. 8. The filter medium

accor di ng t persnaablessunpostinigmateripboy astleastranecswiface ef at | east one
pol yner sel ecied, fr.omt rou I stin f.pel vet hyl. erenht hal at e
bnd” pol ybut BpiEteEREhe arts TRES pirdi e, Phokdin pid Mt S isTochy,
f6_, bwher & N iNe Waby sk an®isdinl #bupportin BUBY ¢hrahdd)] hfd HeperipheBObYEE filter
i bers.
medium is sealed; and wherein said filter medium is the filter medium of claim

3.

27. An air filter unit comprising a filter medium which comprises an air

10 permeable supporting material on at least one surface of a
polytetrafluoroethylene (PTFE) porous film; wherein said filter medium is bent =~
in wave forms and is in a supporting body (frame), and a periphéry of the filter
medium is sealed; and wherein said filter medium is the filter medium of claim
14.

15
28. An air filter unit comprising a filter medium which comprises an air
permeable supporting material on at least one surface of a
polytetrafluoroethylene (PTFE) porous film; wherein said filter medium is bent
in wave forms and is in a supporting body (frame), and a periphery of the filter
20 medium is sealed; and wherein said filter medium is the filter medium of claim
20.
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