DES¢RIPTICN FI RE- RETARDANT FI LTER MEDI UM AND Al R FILTER UNI T

5-Techni cal Field This invention relates to a filter medium
applied for cleaning air in e.g., a clean room and an air filter unit
using the same. More specifically, this invention relates to a filter

medi um applied for cleaning air in g ﬂ:tﬂ()g\g el ectroni c nmenbers.
such as sem conductors and liquid crystals, and an air 10 filter unit using

t he sane. Background Art As filters applied for cleaning

air ine.g., acl ' QL | S| ntion _have
al ready discl os h@%ﬁ&&ﬂﬁg&t 4 yMﬁbIUMfém@Wﬁstﬁi U.N%EE
hereinafter) porous film (for exanple, Japanese Patent Application

Tokkai Hei 5-202217). In addition, the |lam nation of a thernoplastic

mat eri al_ sugh.as bond nonwoven cl oth nade of sheath-core structured
| ong fi t?ergfeocmc%ofﬁwhe surfaces of the PTFE porous filmwas al so.
proposed SOT'IAS ihVeRti6h Q@Iatb@%o RAl0eS rddidin Applisd fait dlBgBing dirdnre. B9 es

(Japanese Patent 20 Application Tokkai Hei 6-218899). . However ,
t he i nvent ot slegn xaeme, and entaizdiltenwaitiusing tbe same: wilMpre ppecificallyithigiar d

of Test Met.hod f.or tio f At Fil . ' NO . - 7
t hat the pr1P3 nglpp %%%ggﬁe%ﬁg%&@é 4%519& 3%?‘5?&3?%?%‘%%%?2@% g:%asrll%f gtrﬁaﬁ g :
properti es.eléétronic methBedrdSches séntitbnlhbions ameldligiid @yetals, ahd an hirer.
unit using the sane are sonetines fixed to a ceiling as equipnent. In

this cde, filser uait using the same| ane-resi stant properties are required so as
to prevent fire. - Di scl osure of Invention 30 Thi s invention
ainms to solve the above-nenti oned conventi onal . probl ens by providing a
'f_I ane-resi ségéﬁgljoiulntde‘&rtrredi umand an air fi lter unit
As filters applied for cleaning air in e.g., a clean room, the inventors of
this invention have already disclosed a polytetrafluoroethylene (referred to as
15 PTFE 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 cloth made of sheath-core structured
long fibers 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
20  Application Tokkai Hei 6-218899). |
However, the inventors of this invention found in accordance with the
Standard of Test Method for Combustion of Air Filter Media (JACA No. 11-
1977) that the prior aft mentioned above has unsatisfactory flame-resistant
properties.
25 A flame-resistant filter medium, and an air filter unit using the same
are sometimes fixed to a ceiling as equipment. In this case, partiéularly,

flame-resistant properties are required so as to prevent fire.

Disclosure of Invention
30 ' This invention aims to solve the above-mentioned conventional

problems by providing a flame-resistant filter medium and an air filter unit
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usi ny the sane. In order to achieve the above purposes, the
f'lame-resistant filter medi um.of this invention is a filter nedium
conprising a gas perneable supporting material on at |east one surface
of a.PTFE porous filmand which 5 has 150mm or | ess maxi num car boni zed

| engt h based; andard of Test Met hod for Conbustion of Air
Filter Nbd?‘guf%]k%ﬂg%@te 11-1977). The fl ame- resi stant properties in
this invention lnerdentuachieby theabsvapixpdsexf the flame-resibintdiltéor
Conmbustion of _Air EFilter Media.(J No. 11-1977) prepared by t he

Bl tor St amRAgTEsh e BgeRton & pROeAIR fRIROSHRY ABAsPermeablen) |
LTS pref ghaBlhg Matebl 3l o PRAZEBRL SuPHRRYF PIFEbGIdE S8 dlifwhich
flame-resi st ITter mediumis a tlane-resistant ait perneabl e supporting
mat eri a§ . has 150mm orTless M&Efinponaasbbénizeddengtiebaswl on the Stahdyred of Testt he

flame-resi gtant .1 ilper mediym of. this j.nventjo As the fl -resi stant
filter nedmoérfoﬁidom{’usu%Phé&Bg@t%{l Pi(ﬁgdﬁa&% i1ldr19%6)apihy efia@ﬁ' one
surface of P . o i . ilm
o 1o al t cFeaRuay BroRREAlSin this irobBiof bl Sic B THOSE R RELEYS [ T
Parlt i cgl ar Methiodefol idebustmhf‘ 1 gﬁﬂnﬂ" EﬂlﬁérMel!d:ia_(JACA Nqo;l](clrmﬂlj preparedibyi s
applied on both surfaces t he, poro | i r ab] e.

There is n§£‘b§9—lt% angaxd?ppmm&#%ﬁﬁﬁ%’w M%MNMM%ATION
c'onvenid on%@ E porous filmmay be applied to the flanme-resistant filter
medi um -~ A orous filmthat can provide the efficient scavengi ng of
floating fine phyisipwleferablel thatsthy airapdrnesalie cpperting wsategidlafthet he sane
or 25 Dbetter properties than an HEPA filter and ULPA filter) required for
a filter flamerresistantfilter medium s flagmmresistantair Rermephle supporting

sem conduc}noa[tg iahi quid crystals, etc. and in manufacturing devices is
especi al | y™pr ¥ L

o)

erable. For instance, pressure loss is preferably

10- 1 00mmH[ er r ] CTWe PTEEporbup filiiredre e anet diembkr®dayers inwhledldarhg-rekistant
5. 3cnml second, and_.the scavengi gg ef fici enc/ﬁgof 0.10-0.12[err] .m 30 .
di oct ylpht filleztmaedivap)ofithi igpt y Aot dlamerrgsistant dilterppedbig.y gnfqirns

U, BRRBELblSu SR, oA bl AR G B P BB 1
2 film, on both surfaces of the porous film, or is alternately or randomly applied
altogether with the porous film. Particularly, the filter medium in which the
supporting material is applied on both surfaces of the porous film is
20 preferable. '
There is no particular limitation on the PTFE porous film, and a
conventional PTFE porous film may be applied to the flame-resistant filter
© medium. A PTFE porous film that can provide the efficient scavenging of
floating fine particles and has properties such as pressure loss (the same or
25 Dbetter properties than an HEPA filter and ULPA filter) required for a filter
unit applied in a clean room for manufacturin_g semiconductors, liquid crystals,
etc. and in manufacturing devices is especially preferable. For instance,
pressure loss is preferably 10-100mmH,O when air is permeated at the flow
velocity of 5.3cm/second, and the scavenging efficiency of 0.10-0.12 . m
30 dioctylphthalate (DOP) is preferably 99.0% or more. The PTFE porous films
with such properties are described in detail in Japanese Patent Application
Tokkai Hei 5-202217 and WO 94/16802, the disclosure of which are



i ndprporat ed herein by reference. The above-noted PTFE porous
‘filnms applied in this invention can easily be prepared by a

conventional nethod. The nethod includes, for exanple, the st eps of
extruding a paste of a PTFE fine powder and an extrusion assistant, 5
providing ; A S\ &faferder €adi ng the extruded paste, and

stretchi ngﬂm& gﬁ%(d %g&noﬁrz@ﬁaked or sem -baked paste in two_axial X

di recti ons. ThiEherabbwetnoted PTFE; pernusi filohs ppplietl dnthis invensicuacamensily
5-202217, WD 941168Q2, etc. . N4 he fl.ane-resistant filter di um
of the i nv‘éﬁpr‘%ﬁﬁr‘*g_&é' aicPnpentiens) @ethmi- !‘hﬁd%?ﬁ‘}%ﬁ?g‘i@% i ?’&"‘”BPE% $E)) y
a flame-r CStbph 3P bxfiddinE" ééve%f%l?m BRE pRvddiBded bl oxtPhsiBR fsitahe) abl y
an organi c-particularly; resinous-flame-resistant air perneabl e
suppor t5 ngprevidinged tape by pressing Bind spreadingrtabextraded paste; andsteretchingf

the flanme-resistant filter ) diumjs. preferahly a nonwovgn. fabr.ic,or
woven cl ot9Rt the renbakedror samnib ed pas’?‘*e’éﬁm"&%?"??ﬂrfi%%??’?sab%s ’ﬁf"\;}md

per neabl e | | FeKEaiCticf a%‘@zzlﬁ Wobs4/16802 etas 9l ass fi ber
nonwoven f%hbg’%g{ﬁdgﬁj%sés%%%@ %ﬂaper aggeabg ass fiber air filter nmedium
are not pref er dil theflane-tdvistage filtert mediumrof(the. invention, the ainpémneanhle

preferable that the air perneab) e suppgrting ngterial of t .

f| ame- r esi SURPATtiNg mate mmqugra}@m ﬁ?ma'lgﬁsgééflt Bﬁ’épﬁHPE%'& SURROEENE
from L bods f § ridfrs-flAmeSrebigtaRer
pr ef er]o’?bl e&tg%%ﬁajz)gﬁ @ﬁgé g?%feg%?%e%tg?tgﬁ% cﬁrﬁ&%%%%rgiilgﬁlsi S I?rlzatdg of

pol yest er irsdrnealld supportingtmaatesialo pol yol efin. The pol yester mentioned

above i ndi cates . ‘pol yet hyl ene terephthal.ate, (P ~ pol yhut yl.ene

terepht hal at e (Parpir Bermeakle supportipg ma crial oféhei%e%i%?gpﬁﬁﬁ%{t in the
flame-resi staat. fil | ' d A1

pr ef er abl eaeﬁgémt iﬁq’e‘S I%F%fr%ﬂ# é&é@gﬁ{eﬁ géb?g%gf ;‘i‘rér)g F ;ﬁgggdmf& mggi?li.écﬁﬁf ar Yya to

pol yest er #ddig6es nbawastdh fgbfitaniir psimeable suppuetinganaterizlsgnade of glass
or gani ¢ phosphorous conpou

ds, ph h (P d t b tect f
filterlsnedfibers suehas gl béﬂt a&éﬁ?ex?%aﬁvaé&lg%ﬁ EES’%PGI‘ and'a gfases%ﬂ%érom :
olyester fib mat eyf:l - ' ' | be 30
PPl monts PsGE Rl afé nbb Brétefdbre!difios LY, ghhcrdit boROMUB).TRY DF B0 .

uses a filter ”R%ﬁl‘s@?!‘éﬂﬁabl@ thiat the air permeablesupmyrting matexiakof the at
| east on one surface of the PTFE porousg film

3 flame-mesistantfiltermedivm; is Bade of 2t legst eng material pelseted from

Supportingbod oup consisting of polyester and polyamide. Itis further preferable that

20 the air permeable supporting material is made of polyester fibers, and
contains no polyolefin. The polyester mentioned above indicates |
polyethylene terephthalate (PET), polybutylene terephthalate (PBT), and the
like. '

A flame retardant. in the flame-resistant filter medium is preferably

25 copolymerized. It is preferable that the flame retardant is copolymerized
particularly to polyester fibers. In adding flame-resistant properties by e.g.,
organic phosphorous compounds, phosphorus (P) would not be detected from a
filter medium if the flame retardant is copolymerized.

'The polyester fiber material of the flame-resistant filter medium may be

30 filaments nonwoven fabric.

The air filter unit of this invention uses a filter medium having an air

permeable supporting material at least on one surface of the PTFE porous film.
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‘(franme), and the periphery is sealed. The filter nmedium has 150mm or | ess
maxi num car boni zed | ength according to the Standard of Test Method for,

- Conbustion of Air Filter Method (JACA No. 11-1977). 5 Conventi ona
met hods of kneadi ng, copol ynerizing or coating - conmpounds havi ng

fl ame-resi ' t | f ; : S a
Thafiltey Aithes BuHtAn! Wavé fH8hs and B 1ﬁaﬁhegé§}pyg§%1ggsl%hsﬁ

nmeans to add flanme-resistant properties. For exanple, fibers

becore f| affeames, and bhe peripheny fis sealedet Fhnfiltes mddiam has di5@amncor less
hosphor ous conpound i s .copol ri zed,or knead tp th i ber, .or. 1 he fiber
20 (F:)an be%_ﬁ’%‘_’?lc 9%@&2‘? ?)‘F"Bﬁ% é’s&fygéﬂ‘fﬁ@r&tﬁéﬁ&%h Tl i ke.
Mor e EBaMUdtiA b/ Air FtdroMetMbd WTABARGS 18795, appl i ed. (1) Use

of Flame-Resistant Materials Fl ame-resi stant fibers having

f | ame- riesi st ant Convgmsiionalsmethadseofslahessting, copdlymeniting bgacatingr i nor gani ¢
fibers such as ar tic | yam de fibers, nodified 15  acryljc fibeJs,

{1 ame- r esi SYBRPUBHF PAYLRE Hafesrrsistant Aranertsghio,ther flagrostrtace mag bet ant

ol yester, ' ' (PAVA L har fi 0
E ar %oni zedumgrg? fﬁg%g &dgo?é%?b%rs g%t%ﬁgﬁgﬁ%%ﬁsbeﬁls%xglﬁ r ypg%yeesF ?rber S, -
phenol fibérdbecome flayiniredistantiaftaya flanee retardant Pith his er sdganic
Do Ui 1Y - PRPgRHaroRp spRnound: s copplymerized or kneaded 30 the Hber, of the fiber
tetraf{gior I 1 | W4 qher d
Dol yvi 111 o BY, 106 Hrmhe R AR thoPEIAES'BY Ay BRind OF flo IRC Mo
Fl ame- pr ooépexificdllyg the feHowimgnmethodge can de appdialided by treatnents
such as a od applying a tlame. retardant by a dipping or a coating 25
process af{ﬁwﬁe&h@g-lﬁ%ﬂ%@@éé{la%@ﬁ cloth, or nonwoven fabric from
fibers. Flamé-Be S8t Hihers HdVihi Pdrh DFb SistdMCpidpeatift Th ThoRGbHAR @

l? y C al bon

- met hod of I ntroduci ng a ane retrardant I'ng such as
coval ent binetndgorganic on iporgamic fiberodyckeas apndatic pelymdidefibers, heodifibdr s

are kneaded in pglyme or blended with polyner in nelting, extruding
and spﬁ%niWE‘Fdﬁéé?eé?%msmtantp 51¢, paESStRI: VInyin, nor gani ¢

flame ret . ) ' - brom ne
flame ret Z#e%gérﬁasﬁt?&g}asggr’ omda%%%%%@%ﬂﬁ§PMeﬁig§ Rsed broni ne
t ﬁf r abr orrgzbirbghﬁbdl fibers (ﬂaéne proof ﬁbers)r,] aramid ﬁber]is,I polyarylate (ijibers, phenol

chl ori ne-base retardants, ang phasphor.ous me retardants.

By ni xi ng ﬁbﬁsﬂ npﬁgaeuw%sm@%%ta;hdbeaﬁdﬁﬁgrﬁbqra}_r@@:@gnwéﬁpe phime

.to ogether . fndidy §8FesttRGib6h HbbrS! miPAMBEEE, AAR blifoafibére! PAFE HHRrE®

20 tetraﬂuoroethyleneperﬂuoroalkylvinylether copolymer (PFA) fibers, and
polyvinylidene fluoride (PVdF) fibers.

(2) Flame-resistance Treatments

- Flame-proof and flame-resistant properties are added by treatments

such as a method of applying a flame retardant by a dipping or a coating

25 process after preparing a thread, woven cloth, or nonwoven fabric from fibers.

In case of synthetic fibers, the treatments include a method of

introducing a flame retardant by chemical bonding such as covalent bonding
in preparing polymer, and a method where the fibers are kneaded in polymer
or blended with polymer in melting, extruding and spinning processes.

‘30 The flame retardant includes inorganic flame retardants such as
aluminum hydroxide, decabro-based bromine flame retardants such as

decabromodiphenyloxide, nondeca-based bromine tetrabromobisphenol,



+

‘Wi th stronger flane-resistant properties. The exanples are a material in 5
whi ch flanme-resistant acrylic fibers and cotton are spun together (DELAILA
. manufactured by Kurabo Industries Ltd.), and a nonwoven fabric (TEl SEN

PAI KU manuf actured by Tei koku Seni Co., Ltd.) in which carbonized fibers -
( pr e- car bajhloFine-lRisadifhrhe P8t frdakiey| £1d pﬁbﬁ‘}gmf&ﬁg fPifle $BEYFd apts. The
fol | owi ng have added fl ame-resi stant properties: a nonwoven fabric 10 in
whi ch pol yvi nle:dmwng(ap)nmng) rﬂﬂmeﬂ'bgabmm éﬂE)lanﬂamemdlstaﬂﬂﬁbeer ead

n whi ch pol yuin ene, fl uori yester fihers are m xed_and
!spun N A3l o g‘ﬁe?J%l‘V%%‘Tne? OF}§ BEP:C)DEY TiCHs %I’i@lqtiﬁ lcaBy enﬁmvi!?(?@ls a
mat eri al , a ven arly a
nonwoven fvgigﬁ Sgr%%%ﬂgﬁb?fes%sl%?ﬁfngnt S felgl a%[wﬁﬂ B %fa% lénaggé s are a

PET nohwowehichaflaine-tesistant aciylichfibexrfs| m@coﬁbn?&@p@wgeﬂieﬁpmnﬁq% (P)
sheat h-core fibers
compr 1 1 nghanfiBuiEr by K inbofndsgerics LA43  apd aeervongn dabria (BISRV 1| ng
poi nt PET Rﬂ]@ﬁ’fxﬁaﬁﬁﬁdtﬁﬂéd B%M&llff\?s%ﬁ?tﬁ) Lid.) %Wlﬁ%%&%&&i gpdant 1
abric of sheath-coreé

copol yneri zed, nonwoven Tt ers conprising a
hi gh nel t i(pre- p&rbun)l'ﬁiﬂ eramid fibets Kyvler)daredihitedhaatdispun. section) where

th b not egyf | ret r dant opol yneri zed, and, the |iKke. When

noﬁmgvgxef abri &gl aﬁ ONEH Vﬁrﬁq‘iq%aﬁ%ﬁﬁs%sﬁﬁéw REoperdios; & nonvaNkenD fabnc

el ting agd vsmcn%dlgvﬁfyqu%e@ i b ethy SRR AN o thedd 2!
on f e

t he fabrics ‘are képt 1n a c ean glnnlng moven

fabrics ZEnMMCh@qummﬂniénbrﬂermé G?MdF}: ahxl phlgestei' H‘ﬁxe?@éﬁe poiredd maidhod,
flash spinni ng met hod, melt-blow ng method, or the |ike. A

card has £8UBe passed through for opening when short fibers are used

Ther ot or o he e pelyepler ARt 13 adel for el nTIA%ES adnpidrlafIHET
usage. 30nTaterialisypeefeirably & aoawevén fabricf partiailarly 4 hbewevéy fithdc aaalt e
T e Bk WL o i 4 i e

IOOI yest er fh.lgeragﬂéﬁfeaf@tﬁr@ Q'F pﬁg%ﬁﬁmé)@esn@%grl c%elg(rlef)ﬁ? y%%ﬁ?i’) on

at | east anmmwodac fabﬁc of sheathR'ﬂi-E fitwre weniprisingenhigh akltinktddint PET
organi ¢ carbon rrentloged as T hereinafter). In this rnvention, TOC
i ndi cat es (qone sestign) and alov, meltingqnoint PET (sheath section) where the above-

noted flame retardant is copolymerized, a nonwoven fabric of sheath-core

20 fibers comprising a high melting point PET (core section) and PBT (sheath

section) where the above-noted flame retardant is copolymerized, and the like.
When nonwoven fabrics are made from filaments, the fabrics are formed in
melting and spinning processes (spinniﬁg direct nonwoven fabric), so that the
fabrics are kept in a clean condition from the beginning. Nonwoven fabrics
25  can be prepared from filaments by e.g., the span bond method, flash spinning
method, melt-blowing method, or the like.
A card has to be passed through for opening when short fibers are used
for a nonwoven fabric. In order to facilitate the passage, oil is added.
Therefore, the oil has to be removed from the fabric in preparation for usage.
30 The unwoven fabrics are formed from short fibers by the needle punch method,
water jet method, stitch bond method, or the like.

It was found that a filter medium having a flame-resistant air



5 'b_r gani c materials such as dodecane, ‘tridecane, dioctyl phthal ate,

st | oxane and the like. Little generation of TOC and inorganic
“materials (such as phosphorus in a cleaned air space such as a clean
room) can inprove the gqualities of sem conductors, liquid crystals,

and the li é%;gﬂedmg ‘éfuﬁﬁ)#ﬁ#gg%atgrﬁll%eﬁ%%ﬁ'faﬂtﬁc msrxde of ﬁo@é?ﬁéé"é%*ée‘f&

medi um a por ous ane-resi stant al
suppor t i ng peatiulatlycasnweverd Fedrrée niadd ecoftfil avh vets) oy st least omé surface of a

adhesi ve, s at the porous filmand the supporting terial ul ein
one bcﬁﬁ“ va&aaiﬁ)lpbssznmtﬁalw&lerr@@amganaa rathope(mendonadap ii@&n of
TOC is . C, -1 sl L C ¥ 33 T i air
bormeabl ¢ SOEMERLY. 1o this inveitont 106 ididsod bt BRREUE vatiofl Yaedts
fibers bn wrigahianfdterials etch dadodecane, itgideoané ydioctylphithadate cilakhiie and

eI SRELET, S50 S bSRSE0R yod ebHGE SHar I Tkt by
e P e g b M 0 BTt e b

mel ti ng poi rs, nonwove brics ers of

hi gh mel ti ngnglities ofSemicobdustorndliqaid clistalegandithe like in RahdfhbRiring
nonwoven fabrics of sheath-core fibers conprising a high nelting ~ poi nt
PET (core JEOFCPHeP- and a | ow nelti.ng point PET (sheath section),

nonwov fabric - fj | &1 ' | L.nt PET |
25 (cgere secti gﬁ)qéhgﬁ@ﬁg} Bﬁ?ﬁ?glﬁg’la??@e ?%%%m%gﬁl%ﬁéélb&&tp&

Adheri ng maidratkable cupgerting veaterinl@ants hdHeredoto savitotheritsr aot-aelt

spray coating nethod, _a sgi ral spray coatjng nethod, a slot spray coating
hesiya e taht

met hod, a APoreRhEMD angthesuppering Raterigl feauldde i epebon
1P coating gt hadh o ARMENG L KRe 501 3Rl ARV the EIRRSIAPAP IO ¥s Of Lhe
air 30 perneabl e supporting material. € nonhwoven tabiics are
made of polpsdabed. fi bers in which a flanme retardant (for exanple,

phosphor ous conpounds) i.s co%%msri zed. Nonwoven .
6 15 Pasticadandp i PldiEngorauy Almtammban gie permepble supnartinghwoven

and por iRy RBRictna Bk R balyeRis: fheih BRI 4 Heide Kiprfht
fibers can ib%o?olyméﬁﬂﬁi, e@pbéiallyHlamdits Nnwavdn fabrity dondeddy 40! | er) at
tenperature below the 5 nmelting point of an air perneable supporting

material . Ipelyester-based betrmelt adhepivei ane preferable. 1t is particularly
preferable si ncel\’otlljﬂ'eesrtgr ki%e{' Eﬁ:ﬂe%iagg 23hak P Byq:ile hot-melt adhesive include high

20 melting point PET fibers, low melting point PET fibers, nonwoven fabrics
made of mixed fibers of high melting point PET fibers and low melting point
PET fibers, nonwoven fabrics of sheath-core fibers comprising a high melting
point PET (core section) and a low melting point PET (sheath section),
nonwoven fabrics of sheath-core fibers cdmprising a high melting point PET
25 (core section) and a PBT (sheath section), and the like.

Adhering methods include conventional methods, or more preferably a
spray coating method, a spiral spray coating method, a slot spray coating
method, a melt blown coating method, a print wheel coating method, a ribbon
rip coating method, and the like so as to maintain the permeability of the air

30 permeable supporting material. |
The nonwoven fabrics are made of polyester fibers in which a flame

retardant (for example, phosphorous compounds) is copolymerized. Nonwoven
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TOC C It is preferable that nmini-pleated filter filaments having

aband or ri bbon spacer nmade of a hot-nelt adhesive are kept in the
_above-nentioned 10 filter unit. Since the air filter unit has a
m ni-pleated structure, the entire area of the filter can be used

efficientl XfaB?ﬁ ’cog@ﬁaﬁg a&h@aétj PBYY s%lﬁ%? Wf.ﬁb@?!ﬁonwoveﬁ?‘g%?ﬁ%i ed to the

manuf act ure of el ectroni evi ces or I'né such as cohductors,
liquid crysiciwowesrfabrécd ofisheath-core fibers bompbizing PET (wrepanad PBTI t er
unit, a sealjng_section, between the 15 supporii body_and the filter
medi um i s &h?%@%mvﬂ 1giNed: DORFeVery %ofp Bih gﬂma@i PEY fiberpopan beed

froma hot -l L. 34865 PI%E S porous film etyﬁﬁé?%gﬁ)t%%% P'Sﬂeﬁbﬁvfegg Hatubd BERW e

provides a fTriter nmed um ane-res nt propeéerti €s” and
an air 6il tragltumg poitst oftan hir parikeable supportingYahtdrial. a IRTEhEs padepuo filmis
used for an gir cleanin ilter nmedium 20, and-an air filter. unit using_the
sane. adhesivg isased I{ftiﬁ @ﬁrt;'f:ubrﬁsmﬁfgrab e since thergiig, iit@;le gengration of
Cross-secti view of a filter nedium of one enbodi nent of t he

present invention. 25 : Fig. 2 is a perspective view of an air filter

unit of one enbddiispireferhblethat minippleatsd filtey dilaients having a bandog. 3 is
a cross-sectional view of a _spacer Thovxg?i,n Fig. 2. . Fig. 4Ais a
front of vitakpen spacarspadeiof@ hotameltoadhesiye ara kept fa dhe aboveypentgned,

Conbust;jon ILaFi lder i ; : ;naﬁ Fi . is a
pl an o%lbvi glvg% gan{up%%lrc F :yﬁg a?z; gin@%ﬂgth g%g?ar o'%)leébg? suuﬁuﬁét%%de Atgz;el
Conbust i on axkaAsfrtheifilter cdde be aised AfAcidatlylised) &6)that the filter prefeghbly das a

pl an of view of a Metal] Frane of St ar}dard of , Test Met hod for
7 be applied te the manufacture ofalegipenis deyiges %mafgmamh as

Fig. 6is | o) I of Standard of Test Method
for mmusfﬁe;‘;ﬁéé’)#&g\nﬁigﬁ?@g%gﬁ%%ﬁﬂ&@@em- 1977). 5 Best Mode for
Carrying Cut thé@nlthecaiovernoted air filter vhiiitSa iseslingisedtion bekwben thd bel ow in

further detail lb%/_referrin 1o the . . . .
15 supporting body and the filter medium is sealed with a hot-melt adhesive.

Little TOC is generated from a hot-melt adhesive. _
As described above, this invention provides a filter medium with
excellent flame-resistant properties and an air filter unit using the same.
Mainly, a PTFE porous film is used for an air cleaning filter medium

20 and an air filter unit using the same.

Brief Description of Drawings _
Fig. lisa c'rdss-sectional view of a filter medium of one embodiment of
the present invention. _
25 Fig. 2 is a perspective view of an air filter unit of one embodiment of the
present invention.
Fig. 3 is a 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).
30 Fig. 4B isa plan of view of a supporting frame of Standard of Test
Method for Combustion of Air Filter Media (JACA No. 11-1977).
Fig. 5 is a plan of view of a Metal Frame of Standard of .Test Method for



;dra‘vyi ngs. Fig. 1 is a cross-sectional view of a filter nedi um of
‘one enbodi nent of the invention. In Fig. 1, 1 indicates a filter

medium 2 is a 4 [err]mthick PTFE 10 I|ayer having 2g/nferr] basis weight;
“and 3 and 4 are flame-resistant polyester filanments span bond nonwoven

cloths (fopesiifiiidh o E@’Fmﬁm&awﬁd&m 11- @mbo Co., Ltd.; size
(single fi ber t hi ckness 2 denier; "and 15-100g/ nferr] m)re

preferably 20-7Big.r6 i a [Tebting Proeesshaf) a Metad Firaier of] $tandae'dmfé|fe§t Method

2-10g/nferr], of .a r ive is coated so as
to adhere ﬁmcﬁom&w?m? qwﬁﬁrah@&ae&@@mskigﬁﬁﬁd nonwoven cl oth

| ayers 3 and 4, and is then adhered - by heat at 160-200[err]C The
entire thickness of filter medium1 is 100-1, 500 [err]m nore

pr ef er Q 0 rr referably has 10-
100rmH ]% ?&’I @%&#%%%ggggh&g}éﬂsmﬁgg 0% or nore scavengi ng
effici ency Thad nﬁxemimﬁmxﬂame[debélbwnh firthéPdeeail by réfetrfing totheer r] m

_particle dianmeter, and 20 0.2-3 [err] m pore dianeter. Fig. 2is
a perspect dwewmm/ of an air filter unit of one enbodi nent of the

vention. |1 ¢ AL Srod ABSa SRd 0t o i IR OV Bualip e, ©
exanpl e,  the ilvénesns. (Tn Nt Kindicatys £ filterrmedivane? is &i4 4 e thielki PPFE i s
folded up at 25 w dths of about 40mm Wen the filter nedium |(§yseen from

the frodt, layer haviogr2e/mirhagis sveights anghd andet ase dlampe-registantpalyestereq by

2" ound 10 Staments sTaRHOB AT CoRHE (B SERRATL, TN fiOGLARABEL Y "

medi um 1 andybbé Co,, Ltd. n@zde(sﬁtgué &iber ehicknes®)s 26ichier; arrk 25 400g/mf more
hot - nel t adheswe Di abond) 30 so as to, prevent alr Ieaka&:}1 of
b

Fig. 3 shomefgrabbsgoggg(mohaélﬁ weighty. ol-20gim’, mRoIe; Igre ferabdy,

oo o0 O Solseest Bhged il Bield SEhoi B T CORER AL o pAUS RIS R 17

lnm  Bggau mxﬂé-resmtaxﬂp@w bénd @bﬁw@aenwmalpraweys aaﬁmt and iy thkghaﬂhéreak
medi um 1. i nvention i s expl ai ned bel ow in furtherpgﬁégbl

referr io nlg oy heat afe]@lh@ﬂ@? | Fherpntivg thicknepsolftiter-medipmstas 40
t
e ey 11, SRR, 016,50 B R o) g, o

measuring %QMH O (at 5. 3cm/s‘éc§ i&i@és@ré@@sé}% 0%tor Mosd sedvengTngrefiiciency
di amet er, was t en set on

(at 5.8cm/sec, 0.1 2 m) of DOP having 0.10-0.12 z m particle diameter, and

20 0.2-3 £ 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
band- or ribbon-shaped spacer made of a hot-melt adhesive (for example,
Diabond (trademark)), and 6-9 are frames. Filter medium 1 is folded up at
25  widths of about 40mm. When the filter medium is seen from the front,
around 2mm wide gaps (gaps between the tops) are formed by spacer 5. The
gaps between the rows of spacer 5 are preferably within around 10-50mm,
more preferably about 25mm. The periphery of filter medium 1 and the
inside surface of frames 6-9 are sealed with a hot-melt adhesive (e.g., Diabond)
30 so as to prevent air leakage.
F1g 3 shows a cross section of spacer 5 shown in Fig. 2. Spacer 5 is

adhered over a length around 20mm from the outside toward the center of



‘hrol der- having a 12.6¢cn{ferr] perneation effective area. Pressure | oss was 10
neasured at 5.3cm sec air velocity. [1. Perneability A
‘sanpl e was set on a holder 100mmin dianeter, and the flow of air
perneating through the sanple was set at 5.3cmisec. In this condition,

highly di spfsehddiiin 8 264 ¥he I%%@Eé’)af Qﬁ;ﬁ%é'frcﬁt Eiagggﬂdpimﬁ MBeca anse of

concentration 15 were 1ntrodu upstrea e nunper Cof
particl es tspaicar5Qajr can unfformly mnepmetate:throdi@rﬁlter nmlhum)tlmt ed at the

upstream and dowqstream, si des ) sapple b art| | € counter
(LAS- X CRT by P wveqmysemi@qeﬁebe ow inirthamfleteil by spfesringzior i ol cs

Scavengi ng SETIBIRE, (Bh s foljowig oxampiier Bodi 1oas b%?@éakfé%%’crﬁg'ﬁmg
organic 5matﬁcmlnsy and amount dk‘ drghhizr ane dhorgasderpaterials are detedtéd bg-theOg,

nore prefe and was sealed in a glass container. The
filter madlfaﬁP gl“i"@i}i‘o %'eaned at roomtenperature (25[err]C by

per neati ng ctured 25 by Sumitonp Sei ka
Chem cal s c[E‘Fr‘éﬁlgre)ﬁ)@% %&%‘hﬁ HIr)laif or 24 hours. An activated
car bon t ube ( 80]@5sampﬂ|é miswlﬁdanaﬁnrdlauanﬁmm diaimdtar)igndewas then sebon a

Ltd.; 200 ated carb 20- 40 mesh).. was pl aced at t he gas out | et

sect ] on of halgex i’xagsngsa %rpen@ewd%eﬁ@ﬁa@?araae Preasure loss,/as per neat ed
at 0. d off gas was scavenged. After the
scavenang,]mé%&E{e/ﬁi;g’ﬁa%t I vat ed};ﬂar on%pwas extracted by 1 mlliliter carbon
di sul fi de (IePermeabilityol vent), and the organic materials of the solution

wer e detected by a ga chror raph nmass spectroneter_ ( GC- M The
GC- M5 ( QP- 1000) ila §ar%p ewassetona ? 00mm %n dri)ameter anﬁ th(e flayw o)f air

”a”UfaCt“rf‘p% eta:ftoér?%go H%'%aﬁﬂglet%s%%i?%:%t%@sgel iy aico]rrfl% noV 1

(19%9. In o gani ¢ gas ’ was

kept HighBf disp]eﬁ‘séd)DOF (dnobtyiphﬂmlaee)ct)amlésamismi’/%mﬁﬁ&imremkﬁﬁén
10[err] G/ m n and then kept gre for two_mnutes and thirty seconds.

The i nfldr rramwnsrp@&eé&mrwgaﬂ e sgmplg; o hg nymber sk particles\hayirg Ol 1 or
det ecti on, %f%aogr wdb &mxﬁze eat th]entY[ssé}éeﬂﬂ aﬁ@&@%ﬁ@treﬁﬂ? s1des of

i denti ficat’ on accuracy organi ¢ ma

t he amount thk éah@pl@euseallﬁmcuewmm (BASK-CRT by PM\slﬂoe Ltdr) tand the was
| nportant. measured val ue of detected organic materials is

based on amm&bghM(%beDW@%&f@dePH theneatiohus, the detected
val ue _ of Orﬂf}@c%‘)gﬁgﬁ{é gfffsmency_ (%)

20 Scavenging efficiency (%)=100 - Permeability (%)

IV. Measurment of organic materials ,

A filter medium sample was weighed (1.0-5.0g, more preferably 1.5-3.0g),
and was sealed in a glass container. The filter medium was then cleaned at
room temperature (25°C) by permeating pure air (AIR-Zero-A manufactured

25 by Sumitomo Seika Chemicals. Co., Ltd.) at 0.1 liter/min for 24 hours. An
activated carbon tube (8015 manufactured by Shibata Chemical Equipment
Co., Ltd.; 200mg activated éarbon; 20-40 mesh) was placed at the gas outlet
section of the glass container. At room temperature, pure air was pernﬁeated at
0.1 liter/min for 24 hours, and off gas was scavenged. After the scavenging,

30 the activated carbon was extracted by 1 milliliter carbon disulfide (desorption
solvent), and the organic materials of the solution were detected by a gas
chromatograph mass spectrometer (GC-MS). | The GC-MS (QP-1000) is



‘per gramof a filter nmediumwas neasured val ue/sanple value (g). In the
above- not ed neasurenment method, the allowable detected |imt froma bl ank
~test condition was | ng. V. Measurnent nmethod of inorganic naterials
" (such as P) 15 A filter nmedium sanple was wei ghed (4.0g), and was

pl aced in .

et raf | uor SERRehdSuORhsntBas Thep, ond.the separation salusmp wasim of OV-1

cont ai ner . (IBakn, Il bfder toudetectialintheasgatitcgas, #hd oven cfahka@C-MS wadlkpbFA
cont ai ner vva% ﬁaflée for seventy two hours in _a_clean booth bel ow room
t enper at ur &t 99 rheﬂ’b\\teﬁnaPﬂéV 2pTalsed de 2p0C et 1QTmin andthexekept)

(306 SUPE R At Vel ' togh ) o o VIl . Standard of Test
Vot hod 1 of HRrEHor BRY ittt Gnd ﬁ%@?#‘(f&a ymation oz J‘.i?ﬁ.]"é’?%‘? Organic;
Appl i cat i omaterial was takelni everg Secomd fnddéeteetion] Had wdibasilRRed! dIRfthiest

net hod for, conmbusti on 25 f air filter nedia applied for air _cleaners.
2. Speci meivention, howgveg, ti@?@ﬁﬁﬂﬁ%ﬁlﬁp accurqcy) o ¢ materiads Wascnotems

_ . . 4 ) ofpreenic patprials spsorstens
out by o1 riefh DOF RS Eokt of the idfer il R0 Bor REE AR SR 461 e

obj ect. - was4.inhpetadt.ng Treatment of Speci men

10 Before the test is carried out, a specinen is kept
in a constant- Iheme valug ef detected orgamie majerialy is basedion arwerkingf our
hours. vyl : Ci ' ni.s..h it _,could
be Ief]tdf\;\\&grpvrg nﬂs?%)g% -twelFr}f)gr)la %rgé mﬁﬂ"é’ %gg;r;ll% %&g{j‘/g’%hg%oﬁub%f %1§?:>T@r}ac} one
hour, i nstpadgrahef.a filter spediui® Wdssmegtrddvalue/saniislel ¥dab qE).COMM ¢hé'i Ng
silica gel for one hour. 5. Testing Device (1) Supporting_ Frame
11 - abovesnotedmeaswuramment methodothe allowsblerdeteetedy Limit fronp

metallic jn Fig. 4A (a front view and Fig. 4B (a plan
view wt htefbgﬁ%aﬁk%ﬁégvﬁ%gt h is used for supporting a speci nen and
provi di ng ¥uMeasufment methpdrofdabiddriy¥ materials (such as P) -

15 A filter medium sample was weighed (4.0g), and was placed in a

thoroughly washed tetrafluoroethylene-perfluoroalkylvinylether
copolymer (PFA) container. Then, i50cc pure water was added, and was sealed.
The PFA container was shaken for seventy two hours in a clean booth below
room temperature, and a solution in the container was detected by ICP-AES
20 (306 SUPER SCAN manufactured by Hitachi, Ltd.).
| VI. Standard of Test Method for Combustion of Air Filter Media (JACA No.
11-1977)
1. Application - _
This test.method prescribes the standard of test method for combustion
25 of air filter media applied for air cleaners.
2. Specimen
(1) Size: 250mm X 250mm
(2) Quantity: five specimens
3. Extraction of Specimen
30 . The extraction of specimens is carried out by simply removing a
specimen of the required size from a targeted object.

4. Preceding Treatment of Specimen

10



(2) Wre Gauze 12 A circunferentially reinforced 250mm X 250mm

20 nesh (standari zed by JI'S G 3555 woven wire gauze) is used. 15 (3)
.Metal Frane 14 : A 250mm X 250mm square netallic plate shown in
Fig. 5 (wth 1.6mm or nore thickness) having a circular hole of 200nm

diameter at itsBefotecthedate@t is carriet big @E%ﬂﬁe‘fﬁs%ptti% d'ebikthae- speci men

onto the wire gauze 12 i s used. ) at Source 2

4
Hexanet hy| dAPETaEHEAYiNg oxen a@.mﬁaﬂ‘gﬁ dovtwentyfonrthoms Howewer lifiths) .
5) Scal . . e, .- .., Testi P 25 1) Each
Speci mon 1 E2PEmSRiF FABRRARE s heedy it SR B JFROR Sonplopptetoperatim..

12 on the dHupigy éveitat 1658 2L CaforvR Mour) ifdtdadS. THeR, SRESh&BMehdis Bt in

placed on the gauze 12. The netal frane 14771's al so pl aced over the specimen
13, anddt ha dgsienatorceniaining silica gpbfomenme houpr essed 14. The heat source is
15 of the specinmen 13, and is ignited by a match.

t hen pl ace t.he .cent er
30 goﬂ%ﬁ%{lgﬁe‘e‘é%di tions are exam ned, and the maxi rum|length of a

carboni zed spcSupportinyBrame rentral line of a specimen is neasured, thus
measuring the average val ues of five specinens. ' 7. Eval uation

(1) Fl ame- r esi sfa2A0mm (ianemsitles 200mmh ¥ 250mmh(insensider 208man yrmetallio

boni zed | th., W .n t . ' . th. f t. back
U faces. oPIRHAP ShowR 1B Fik; aa"RoftoRf Vieth) sad kiy B 1n slon v iv 100mtm
eval uaj@d. legblengtR)is Tiaed ffor bapbardint®d Epetién and ﬂz%?ﬂ?.gg% jent (@) when

. ; C
particularly unusual conbustion conditions are found Ive
speci mens. permeabilityh) when the heat source is maintained. 10 EXAMPLE 1

A fl ame-respstant gol yest,er filaments span bond nonwoven fabric (HEI'M
(H6401B) m@f%e é@&x‘ﬁa&myobo Co., Ltd.; size: 2 denier; weight:

409/ nferr]) wasAusesniferbaMally réimbrcell 260 B 8/2B0Rh] 207 InahPEt seased
hot nelt adhesi ve (Di abond DH598B nanufactured by Nogawa em cal Co.,
Ltd.) was b%JISJat35omoven wire gauvze)ds used. | ayers.
15 (3) Metal Frame 14 |
A 250mm X 250mm square metallic plai:e shown in Fig. 5 (with 1.6mm
or 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.
(4) Heat Source
20 _ Hexamethylenetetramine (0.15¢g; 6.4mm diameter; and 4.3mm
thickness). |
(5) Scale
Imm scale.
6. Testing Process
25 (1) Each specimen is removed from the desiccator. After placing the wire
gauze 12 on the supporting frame 11 as shown in Fig. 6, the specimen 13 is
placed on the gauze 12. The metal frame 14 is also placed over the specimen
13, and the circumference of the specimen is pressed 14. The heat source is
then placed on the center 15 of the specimen 13, and is ignited by a match.
30 .Combustion conditions are examined, and the maximum length of a
carbonized section along the central line of a specimen is measured, thus

measuring the average values of five specimens.

11



‘A PTFE porous filmwas used as PTFE l'ayer 2, and was lam nated with
Fayers 3 and 4. The |l ayers were adhered to each other in one body by a heat
roller at 180[err]C at 10mmn line speed. As a result, a filter medium1l

- was prepared having 0.35 [err] maverage pore dianeter, 42mH20
pressure | gsEvaRati®n 0000027% perneabi lity, and 99.99995% particle
col l ection efficiency. A conbustibility test (JACA No. 11-1977)

was carri ed(Pflapre-resistantifilter mediaaate thoseawdth A50maaliondessavhaimmmaxi num

carboni zed | engt.h d Ss for, the standards a f.l ane-resi st ant
moct um - carbeied [knde " When the 1Bsta ae Gt o oft belh Gt pec
material s DRFfaBERBT tHe dfeciid®, thé I6Hge¥aAhiith RS cdBdhiiddPIRnEEE id bl 2MRRb
limt (1ng) when the detected organic materials (1.5g) were tested,
and no Pphos(B)The fglywingscarelitionedre Teeorded: det ect ed anounts of inorganic
materials are shqwn in the follow ng Table 1. ., EXAVPLE, 2 A
flane. resi st 4@ WheLperueasy sy Setion copdiioRRATEJoAnd FrameiYS:- cor e
structure &5’5{%{&1@[ e)/ PBT(sheath)) (BULCOVPO HPH6060G manuf act ured by
Toyobo Co.,” Ltd.; size: 8 denier; weight: 60g/nferr]) was used as

| ayers 3 and (b) whelflie peabasutcayismainkamddani nated with |layers 3 and 4.
12 - The |l ayers were adhered to each other in one body by a
heat roller at 250[err]C at 10mmn line speed. As a result, a filter
medi um 1 was_prepared having 40mH20 pressure | oss and and 99. 99995%
particl® cm lef fici ency. A conbustibility test (JACA No.

11-1977) was cajrq Qult.: q ' i whi ch had
95mMm maxi mnum ca‘éb%%ﬂ% %E}Srg%%f.ﬂ&gfﬁé{:&%an?pe%% %hwol?&{lﬁgagﬁgg%grf %gg_lg,{; a
fl ame-resi @EBIM (#6401B) manufactured|By TasobiooCad Litdgtsitd) 2 demieni weightet ect ed

organic materjals per gram_ of he fil]ter um was | ess than the
det ect i on 4954% WMayysethan layersdan t‘bdmd 3g/n@{§daampgimﬁ%rrme§ aqt melt yer e

| nor gani ¢ FangyPeDREHE DO RleREN i Y Rk Aa ThESEH G fsRee

EXAVPLES 1 coated on one Aukfagelof $hedayersf i | anents span bond nonwoven fabric

( ELEVES TO703VWDO manuf gctured by Unitika Ltd.; size: 3 denier; wejght;
70g/merr]) A BEVERpraus fily was asedas BT layan &, apdpyas laminpted Vit ene
and pol yes |y .t ty yer-
3 he vor 3y Poand %, °PhY \ate irenfiftroR to ath UARRY I DHE ORI prheat
(ELLEFI T EcslR3VEROL80°C atdliuh/giniling spyedini Askarédudt,; a filtee: madibailewas

wei ght; 30g/nferr conprising two .
J grer;){ared]ﬁavmgp 0.35u rg average pore diameter, 42mmH,O pressure loss,

20 0.0000027% permeability, and 99.99995% particle collection efficiency.
A combustibility test (JACA No. 11-1977) was carried out on the filter

medium, and the medium had 95mm maximum carbonized length and passed

for the standards as a flame-resistant medium.
It was found that the amount of detected organic materials per gram of
25 the filter medium was less than the allowable limit (1ng) when the detected
organic méterials (1.5g) were tested, and no phosphorus (P) was detected. The
detected amounts of inorganic materials are shown in the foﬂowing Table 1.
EXAMPLE 2
A flame-resistant filaments span bond nonwoven fabric having a
30 sheath-core structure (PET (core)/ PBT(sheath)) (BULCOMPO HPH6060G
manufactured by Toyobo Co., Litd.; size: 8 denier; weight: 60g/m? was used as
layers 3 and 4. A PTFE porous lajrer 2 was laminated with layers 3 and 4.

12



ki nds of- fibers - a core/sheath structured conjugated fiber having a

pol yest er core section and a core/sheath structured conjugated fiber
‘having a nodified 20 polyester sheath section and a pol yester core

secti on. A PTFE porous filmwas used as a PTFE | ayer 2. Three

layers 2, :Tlﬁanlhyers w&emrw% RAEE Gthéth WAL € &gﬂfjﬁwﬁ E&mﬁar%%o%nt 0

one body by a heat ller at 200[err]C at 10mmn |ine speed, thus
preparing altfll(]m/enmrhuelspeed Asaresult\(n:ﬁtlttlrrrgedmm ]cwablm'epbrdd havmgt

JACA No. 19 the filt 2 200
f(:ar boni zedqujoé?ﬂwgrﬂf g‘?‘ﬁflermgé 9&5 %’Iﬁgbﬁrggggﬂ{é 8%?’ mr&%gﬁﬁlﬂ%el ow
maxi mum car b 0n| EEbrhBUSKBilit§tedt U@@K No 1-1599) ¥adth fx‘ﬂ%ﬂ di#f‘to the filter S

in Exanple 1, e organic materials per t ree grans o
medi um Ser enethlum,t aanid the mddjuii which badi 95mno ugﬂnmma:aebmmlzediemgﬂaando

/‘1"‘33?32& cPaoed i R AR B SIS Pa O AR P ¢
13

b ol DARALEE et S R

r et ar dant ) thasﬁltmeﬂmdmm was [les,sdﬂmrﬁtlrmndetectmndlm1qoﬁhgéwlmn thsdeltdwed mel t

s coat ed SBRRERGNEIATAEAL ie) pFS lestadpBAnd phaghrupdr) was dstested Alisrre

I
o natba, etaried dfodiof thofeert thalaridlaR6 SHOVEH fn the flfifing Tablé 11°7 ©
rol ler at COMPARATIVE BXAMPLIpéed. As a result, a fllter medi um 1 was

provi ded havi ng 45rm1—|20 pressure Ioss an 999973‘V art | ection
10 efficiency. A layer 3 was g stl’@na §W°B?P| e@i@ﬁ&

11-1977), gﬁ% ;,hegn T4 o) and
satisfied ':IE}ZI St angjar nufa H'B a&rrgérem ant el? Weﬁﬁﬁ Ze%t ed
anount s of hajvmgamo@e/rshtaath atmcture and eomipriging lpolyvthjrlddeoamwgolﬁadst& 1. 15

Tabl 1 I Mat | e
pa © 15 Polyet?zgriegr?enwlivag useﬁrflor the sheal?t{i[ﬁrg%tmn ofa lam Tﬁe core oir'TPaye@él
ND was & tevo-layer span bod nonwoven cloth (ELLEFIT EO303WTO

manufactured by Unitika Litd.; size: 8 denier; weight; 30g/m?® comprising two
kinds of fibers - a core/sheath structured conjagated fiber having a polyester
‘core section and a core/sheath structured conjugated fiber haviﬁg a modified
20  polyester sheath section and a polyester core section.
A PTFE porous film was used as a PTFE layer 2. Three layers 2, 3 and
4 were laminated, and were adhered to each other into one body by a heat
roller at 200°C at 10m/min line speed, thus preparing a filter medium. '
According to a combustibility test (JACA No. 11-1977), the filter
25 medium had 200mm or more maximum carbonized length and did not satisfy
the standards (150mm or below maximum carbonized length) as a flame- |
resistant medium. _
As in Example 1, the organic materials per three grams of the filter
medium were detected. Per 1g filter medium, organic materials such as
30 dodecane (3ng), tﬁdecane (4ng), etc. were detected.
EXAMPLE 3 |

A polyester thermal bond flame-resistant nonwoven fabric

13



20 . - My | 0.7 - ND 4.4

Af ND ND ND Fe

ND ND ND Cu ND
"ND ND - ND ND
ND 25 (KURANBON thgozw af&huﬁ@eub@umwas@in&a&rws Lﬁﬁsw@fg&&ct | on
limt per gram of | ter medi um I ndustrial Applicability 30

As descri beﬁﬂg(nﬁ;/aanhwen ickotbrioated prithy aadmsphbrdmsaﬂamdratardamﬂ) was used
carer o e Tvets B B oB B iRt iR Hotrtuelt Adhestes Diabong HrogEp

per meabl e manufactured by No:

%awa Chemical Co., Ltd.) was coai-teﬂ on one sgrface of the -
supporting naterial n Wwhic |'ame retardant’ is copolynerize gener at es
no Bnorlggersatr8ghml.al s such as phosphorus (P). Al so, no inorganic

materi al s sugc P ajed oma filte
medi um of this ?’ﬁ?\@gﬁf‘?‘gﬁ\%%‘% L‘P?—fg aﬁ@lﬁ?ﬁh%' Q&rﬁ i%}f?rél ‘i
per meabl e &g@?&rtlhﬂﬂnéteﬂﬁﬁrdxrﬁfe h&hﬂ%‘d% é’acfli éﬁﬁer 1?1&@6{1@% Xsny a hea

copol yneri ze an air fi I's inventionh I's used as a
part of a aellerms lﬁﬂ%r at 16m/puintline speedmanAlé actesnltyg fnhehmmhunf 1 was

R L EALLPY 999b8’ié% SHERIL
10 efficiency.
According to a combustibility test (JACA No. 11-1977), the filter
medium had 115mm maximum carbonized length and satisfied the standards

‘as a flame-resistant medium. The detected amounts of inorganic materials
are shown in the following Table 1.

15
Table 1 '
Inorganic Material Example 1 Example 2 Examjale 3
P ND ND 6325
Ca ND 0.2 ND
20 Mg 0.7 ND 44
Al ND ND ND
Fe ND ND ND
Cu ND ND ND
Zn ND 'ND ND
25
| Note: (1) Unit is ppb. (2) ND indicates 1ng or less detection limit per gram of
filter medium.
Industrial Applicability
30 As described above, this invention provides a filter medium with

excellent flame-resistant properties, and an air filter unit using the same.

Particularly, a filter medium of this invention having an air permeable

14



-1 5. . CLAI M5 1. A
flame-resistant filter nmediumconprising an air perneabl e supporting
material on at | east one surface of a polytetrafluoroethylene (PTFE) porous
5 film said flame-resistant filter nmedi um having a maxi nmum car boni zed

e o T

inorganic materials such as phosphorus (P). Also, no inorganic materials

such as phosphorus (P) and TOC are generated from a filter medium of this |
invention comprising polyester and having an air permeable supporting

5 material in which a flame retardant is copolymerized. Thus, an air filter
unit of this invention is used as a part of a ceiling apparatus for the
manufacturing machines of electronic devices (such as semiconductors and

liquid crystals) while satisfying flame-resisting standards.

15



2. 'The flane-resistant filter mediumaccording to claim1, wherein the air

10 perneable supporting material is a flane-resistant—arr—perreable—

supporting © material. 3. The flane-resi st medl um
“according to claim1, wherein the air ‘per neabl e E"!,ﬂ" S

a flame-resistant air perneable supporti@paifis materi

retardant is copol yneri zed. 4. The flame-resistant fil ter rredl um
.according to claim?2, wherein the air ~perneabl e supporting materi al

conprises at | east one material sel ected from the group consisting of

pol yester and Apﬂamememstant(‘ﬁlter meﬂmﬁhmmbﬂeing‘ agiﬁi‘ peimbhblecsupRitt : ) jinstuntil] I

according to cla erein th per neabl e supportln mat eri a

conpri ses H’fatPé‘Qgtonoﬁeieﬁ‘ﬁF epe & ce@f@cmlav&rﬁraﬂuorqq# hyleng EEig)sdpm‘llsg of
ol yest nedi

Doy a5y Bl R AfhiCronistait fltor MBI i £ b3limbinl Eetbeifd Rnerh

sel ected fof)]rﬁt)imn@lrdu@ wheai ﬁbtemaafordmg tdOtﬂe/StdhdﬁﬂQJﬂ'HSQMéﬂﬁdafo;Q and
pol ybut yl efnJ terephth e flame-resistant filter nmedium

accordi ng embust %ﬁnﬂfoﬁ%ﬁ%ﬁ#‘# M@%&TA% Nostdrl¥hers are copol ymeri zed

with a flanme retardant. 16
8. The flanme-resistant filter nmedi um according to cIa|m4 wherein the

| b A filt
ot Y Soonpr £u1 A RhfierRisigtinf Atke: WER e WANRHRR 1o 3ihins 1, wheseldl et ||
sur f acm of p@rlﬁ@éweeéﬂmfdrtiﬁlg%hﬂéﬁﬁnﬁ d AAhtd-réistant dit pekmeBBILsdpporting

material.

3. The flame-resistant filter medium according to claim 1, wherein the air
permeable supporting material is a flame-resistant air permeable supporting

15 material in which a flame retardant is copolymerized.

4. The flame-resistant filter medium according to claim 2, wherein the air
permeable supporting material comprises at least one materialselected from
the group consisting of polyester and polyamide.

20
5. The flame-resistant filter medium according to claim 3, wherein the air
permeable supporting material comprises at least one materialselected from

the group consisting of polyester and polyamide.

25 - 6. The. flame-resistant filter medium according to claim 4, wherein the
polyester is at least one resin selected from the group consisting of
polyethylene terephthalate and polybutylene terephthalate.

7. The flame-resistant filter medium according to claim 4, wherein the

30 polyester fibers are copolymerized with a flame retardant.

16



-filter mediumis bent in vvav |n a supportl ng body (frame),

and a periphery is seal egI;_LB mmm filter medium has a nmaxi mum
carboni zed | ength of 150 £ tested according to the Standard of
* Test Method for Conbustion of Air Filter Media.(JACA No. 11-1977).

17 8. The flame-resistant filter medium according to claim 4, wherein the

polyester fiber material is a filaments nonwoven fabric.

9. An air filter unit comprising an air permeable supporting material on at

5 least one surface of a polytetrafluoroethylene (PTFE) porous film; wherein a
filter medium is bent in wave forms and is in a supporting body (frame), and a
periphery is sealed; and wherein said filter medium has a maximum
carbonized length of 150mm or less when tested according to the Standard of
Test Method for Cbmbustion of Air Filter Media (JACA No. 11-1977).
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