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In the following description, the expression "air
cleaning apparatus, ” and “device” seem to be too general,
so that it would be described in terms of “clean room,”
#clean bench,” “storage means (stocker)” or others having
the function similar thereto, without altering the gist
and scope of the invention, for more practical and better
understanding of the invention.

Background of the Invention

Today, the clean room, the clean bench, and the like
are widely used for manufacturing a large scale integrated
(LSI) circuit, a liquid crystal display (LCD) panel and
so forth, all of which have to be carefully protected from
specific impurities or contaminants contained in the
ordinary air. In case of manufacturing products like
these items, however, it is not rare that they are forced
to be kept inside a carrier or a stocker in the form of
a half-finished product after having passed through
predetermined manufacturing steps. Consequently, they
come to exposed to the inside atmosphere of the carrier
or stocker until they are transferred to the next
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st ep. Furthernore, it is also not rare that this internedi ate storage or
Wai ting st RTNNK98G08/8CGnued over a period of several to several ter&8flours.
Consequent |y, should the atnosphere of the clean roomor the |ike be.
insufficiently cleaned, gaseous inpurities contained therein would be
deposited on the sem conductor substrate surface of LSI or glass substrate
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subst ances safr @doetof a silicon wafer, a glass substrate, a lens, a
mirror, a hard disk, a magnetic disk, and so forth. Thus,
this would give the ill influence to the manufacture of
semiconductor elements, LCD substrates, and magnetic
memory parts. The most popular sulfurous acid gas
representing sulfur oxides may be generated from various
sources. For instance, it may be generated from sulfuric
acid that is used in the rinsing process carried out inside
the clean room, and also it might be contained as an
atmospheric pollutant or volcanic gas in the outdoor air
introduced to the clean room. Boron B also may act as a
contaminant against thin film transistors (TFT), and it
contaminates the channel region of TFT to make the
characteristic thereof worse.

According to one example of the actual measurement
of various contaminants contained in the atmosphere of the
ordinary clean room that is not provided with any chemical
protective measure against gaseous contaminants, it is
reported that there are contained in such atmosphere acid
substances of about 100ppt—1, 000ppt, basic substances of
about 1,000ppt-10, 000ppt, organic substances of about
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| , 000ppt -1 0, 000 and dopants of about | Qppt - 100ppt, respectivel
Accordumg ﬂHﬂNK§89036M&bIe concentration (ppt) of the chenical coné&ﬂinant
requifed for 0. 25 [err] process (after '98), which is disclosed in the
article entitled "Forecast O Airborne Ml ecular Contam nation Limts For
The 0.25 M cron H gh Performance Logic Process"” of Technol ogy Transfer
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are made the dopant it should be limited to less than 0.1 ppt for
the pre—gate oxidation process. As to organic substances,
they should be limited to less than 1 ppb in the pre—gate
oxidation process, and less than 2 ppb in the contact
formation process.

Among these four chemical contaminants, almost all
of acid substances, basic substances and dopants are
water—-soluble, so that they can be removed by means of the
wet type rinsing (scrubber) or by means of chemical
adsorption using a chemical filter that is formed of
ion-exchange fiber or activated charcoal, to the surface
of which a selected chemical is impregnated (referred to
as “chemical impregnated. activated charcoal”
hereinafter). -Acylindrical case filled up with chemical
impregnated activated charcoal is well known as the most
simple configuration of a chemical filter using chemical
impregnated activated charcoal. Activated charcoal
impregnated with potassium permanganate solution has been-
used as the filter media of a chemical filter for removing
sulfur oxides S0x. Chemical filters of other types are
available. For instance, some chemical filters are made
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of a felt or a nonwoven fabric that is formed by interweaving chem cal

J mpr egnat ed INKIS0938G i vat ed charcoal with the polyester fiber, ud/8® an
organifc binder, and the others are formed in the shape of a block or a
sheet by binding chem cal inpregnated activated charcoal powder to an air
per meabl e uret hane foam or a nonwoven fabric wth a proper adhesive. The
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On one hand, organic substances are generally

insoluble in water, so that they may be basically removed
by means of the physical adsorption function of activated
charcoal.

In case of the wet type air rinsing system, an
atomizer will require a rather larger initial cost for
installation thereof and also require a considerable
running cost for generating a high pressure spray, which
can not be ignored. Also, it should be noted that this
system relates to the humidity and temperature control of
the clean room air. Consequently, in case of circulating
the air through the clean room, if it is rinsed by this
system, it is additionally required to control the
humidity and temperature of the circulating clean room air
and to remove tiny water droplets contained therein
immediately after being rinsed thereby. Furthermore,
the rinsing water has to be always kept clean and free from
any of bacteria, water soluble contaminants, and so forth,
so that it is required, for instance, to additionally
arrange other facilities for preventing bacteria from
being generated and/or for condensing and separating
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“cont am nants. In view of disaster prevention standpoint, however, it
i.s not pref BTINKOBOGYSE d rat her be avoided, to install the chenicab/8|ter
that uses chem cal inpregnated activated charcoal or ion exchange fiber, on
the ceiling portion of ‘the clean room because they are inflammble. The
prior art chemcal filter generally includes, as its conponents, a nonwoven
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However:, i'f " 'such particlulate air Tilter déesorbs ’'sone ‘gaseous organic
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wrong factors causing the product contamination. If a
plurality of processes which might cause various gaseous'
inorganic impurities, are executed in one clean room, the
chemical filter isnaturally required to have an excellent
filtering performance against such gaseous inorganic
impurities. At the same time, it is strictly required
that the chemical filter never desorbs any of gaseous
organic impurities by itself. In general, in order to
block dusts which might fly away from the chemical filter,
a particulate air filter is installed on the downstream
side of the <chemical filter. However, if such
particulate air filter desorbs some gaseous organic
impurities by itself, the function of the chemical filter
would be in vain even though it is so excellent.
Furthermore, the prior art chemical filter including
basic chemicals and metals fails to remove sulfurous acid
gas sufficiently.

In case of the chemical filter using the ion exchange
fiber, gaseous organic substances might be desorbed from
various additive agents included in the polymer fiber
forming the ion exchange fiber. In this case, 1it
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t akes pIace that a art of the ion exchange group is desorbed as sul fonic
acid gas, cR /86 d gas, phosphoric acid gas, ammonia gas, or6/8%ine
gas. - Furthernnre in case of filtering the clean roomair including
both of acid and basic inorganic inpurities by neans of the prior art
chem cal filter that uses chem cal inpregnated activated charcoal or ion
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~substance aéoﬁt%ﬁ %%Viﬂ”¥ﬂéi&§§§%¥iAf?fggﬂhcdggg?%kahéither gaseous
~inorganic impurities nor gaseous organic impurities by
itself. Furthermore, the other object of the invention
is to provide a method for manufacturing such filters and
a high efficiency clean room or the like installed with
such filters as manufactured according to the above
method. ' _
Another object of the invention is to provide an air
filter that is able to work for a long time and efficiently
remove sulfurous acid gas which could not be sufficiently
removed by the prior art chemical filter.
Summary of the Invention |
According to the invention, there is provided an air
filter including a supporter and an inorganic material
layer that is formed by fixing the powder of the
fraipontite mineral to the surface of the supporter, using
the powder of an inorganic substance as a binder.
Furthermore, according to the invention, there is
provided an air filter including a supporter, a first
inorganic material layer formed of the powder of the
fraipontite mineral and the powder of an inorganic
substance as a binder, and a second inorganic material



" FTNK98003/ SG 7189 | ayer fornmed.
of the powder of an -inorgani c substance, wherein either the first jnorganic

_material | BFNK980038Gsecond inorganic material layer is directly'bgged to
the surface of the supporter, and the remaining inorganic material layer is
additionally fixed to the surface of the first fixed inorganic nateri al :
| ayer. Further, according to the invention, there 1is provided an

air filter;includin S r | ayer, ..f %ﬂ;fh : I | of . :
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ytae
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i nor gani ¢ §dFstadcexed AnBFEAL GrtRFETEAen 1@ %d with the powder of an
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mineral , ugi mgxtme pofdeheopondernodf gane cfr:e,%a?aﬁééeaglaemaﬂdéﬂd bRt he
pellet is figysfes 05 FednbY nReld Mt i i SabERA LS 8f bikdefr.ai pontite
mneral, uSing the . er Qf an inorgapi c substance as,a blng rr%nq is then
coated with the §6®§3r &ﬂé%?#wuﬁ%%&g 1§§b§9ah%%,1%YePﬁé°BelIEF i% 1% r st
formed by paldvwtdadngntder ppitiee rof nan udiarganisumpwst ancendnd 1ayetren
coated 1 s PUFEL 51yt L bRoBIS 1Yl q 6810 e pgelcore o
i nvention, ttthergupporter, wherein the pellet is first formed by
pelletizing a mixture of the powder of the fraipontite
mineral and the powder of an inorganic substance as a
binder and is then coated with the powder of an inorganic
substance, or the pellet is first formed by pelletizing
the powder of an inorganic substance and is then coatgd
with the powder of the fraipontite mineral, using the
powder of an inorganic substance as a binder.
Still further, according to the invention, there is
provided an air filter including a casing filled up with
a plurality of pellets, wherein the pellet is formed by
pelletizing the powder of the fraipontite mineral, using
the powder of an inorganic substance as a binder, or the
pellet is first formed by pelletizing the powder of the
fraipontite mineral, using the powder of an inorganic
substance as a binder and is then coated with the powder
of an inorganic substance, or the pellet is first formed
by pelletizing the powder of an inorganic substance and
is then coated with the powder of the fraipontite mineral,
using the powder of an inorganic substance as a binder.
Still further, according to the invention, there is
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air filter including a supporter and an inorganic material l|ayer that is
forned hy fFTW@‘?ﬁﬁﬁure to the surface of the supporter, &8Png
an inorgani c substance as a binder, the m xture consisting of the powder of
the fraipontite mneral and the pomder of manganese oxi de and/or
permanganat e. Still further, according to the invention, there is
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powder of nﬁgs&%%e QY d%haend/ %%%mwn%thee a@%p&f@rtﬂ@wefu@iné“ an

I norgani ¢ substance, as bi nder in either the first inorganic
material | ayBPr&@nife ShantRorFad @ iRdeFs abh ?a?éFtP§edFM&ﬁ4§¢¥P%ed to

the surfaceo@f thie powdlwr tef , tRdfirAe poalti té NPihBeadanand reierpewdbayer is
additionallx fixed to the surface first fixed inorganic material

| ayer . §tMQH%QR?%%rOXéé@oﬁﬂ42f¥opFﬁ@|W%ﬁﬂﬁ? there is provided an
air filter includfngld §upmmmUQr&ﬂubnﬂinmfwofthemxhwﬁna1phurahérp 0§

ellets fix h e el | l.s.formed
By pell eti zﬁ%&t‘@a{rﬁ(ﬁt %lbl 31& tﬁil%g&éﬁf’c‘ﬁ[@ﬁﬁgf rai p %gg%ﬁpnera ﬁgé t he
powder of nmngarmasvel Q)xmdéea‘rlca!]or preranfenmed, aii hhet rmOVpd)e\uerofofthﬁ
i norgani c S!E' PYft PPe 1-and hbl g Lﬁrltch 'hbsac%crﬁféj'a'%gattﬁﬁﬂ‘@r,

i nventi on, ere 'S rowlai an alrapsfter i.ncl u porter and a
| ayer for neandfaasw@nénwrsanw patgriiaded ayeny lﬁer@@rdf aéetbe Royder

supporter, Meﬁlﬁh%atd&é)%ifv‘&e'§nHV6§tpE@EnMaQVa9@|é@&lﬂh@@bé\h&eﬂower of
the fraipontite mneral, us t he powder ,q I noy gani.c subst ance, as a
b mdr and P8 GG Eaat o STHPGE ATHEe Dotusr bof diim ARbeEois: Fd cheh o

per manganat € i rigi rngxdhgaﬁ@‘ﬁd@raﬁférﬁalll malygamocr stipst aace nas mdmgwalﬂnc or

(e eV Lot ool PAPEA e RELLeL} 7400 nevceh of JBAGaDSSE oylLce

bi nder, andsupporter, and the remaining inorganic material layer is
additionally fixed to the surface of the first fixed
inorganic material layer.

Still further, according to the invention, there is
provided an air filter including a supporter and_a layer
formed of a plurality of pellets fixed to the surface of
the supporter, wherein the pellet is formed by pelletizing
a mixture of the powder of the fraipontite mineral and the
powder of manganese oxide and/or permanganate, using the
powder of an inorganic substance as a binder.

. Still further, according to the invention, there is
provided an air filter including a supporter and a layer
formed of a plurality of pellets fixed to the surface of
the supporter, wherein the pellet is first formed by
pelletizing the powder of the fraipontite mineral, using
the powder of an inofganic substance as a binder and is
then coated with the powder of manganese oxide and/or
permanganate, using the powder of an inorganic substance
as a binder, or the pellet is first formed by pelletizing
the powder of manganese oxide and/or permanganate, using
the powder of an inorganic substance as a binder, and is
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with the powder of the fraipontite mneral, using the powder of an

i nor.gani.c SHIENEO8OO3M8Ga bi nder . Still further, according to t3489

i nvention, there is provided an air filter including a casing filled up
with a plurality of pellets, wherein the pellet is first fornmed by
pelletizing a mxture of the powder of the fraipontite mneral and the

" ‘ . s .
Prorgant ¢ sheRafagead WK PEVIRIOBEN LR 1Y Ahdfe) BT neYa P
pel | eti zi nqus hegpthdepoafd atheo f ram pbmorgeniicnerdl stascagashe pdwdkar.of an

- 1norgani ¢ substange; 5 £y PLREL! 2B oY iR LR nWiehit 11, ﬂ@ﬁlénféger or

manganese oxi de/ permanganat e, _using an i norgani c suybstance a
the pellet REOYided poradd by lgan dmnod wélingeapodadnof iddffhids & b de

and/ or per nandaied Bi t Yo N Ul d 9] Gatné £¢ SHOSK @nfel Bot a ifidet Fdned t hen
coated with the ﬁﬁ er .of the.fralpon%l%ﬁ m ner,al , %s%Bg %he.go&ﬁsr of an
i nor gani ¢ stUhRenteL1Z1R8PRLEtUTE O & pomdgirpg t rgipongite; g
al um nosi | imbherbhédl oagidng tthe a gowdéypeolfay aangaye seneoali def wardbon i ne
subgroup and 1S NpQsi ti on. i s axpress by.the follow ng f |.as %I) and
(20 08 SBekhAnERTEYS AT BEATTEEr ¥ 1Ret P¥bAS PR )
doubl e strues ua dimndenhiech e ¢ Hbebxhsbf i sssof odmedsby pedperttizisnghi | e
the other sj i ' Les, b Sp! | i n | & si des
respectivelgﬁgcﬁaggéghgqé g%?&?%ggﬁéﬁFg%Fo}h30|d§ghdg%g§?c%g%bg€§ﬁ%gg.
According t®ft#R epbEandy MUbRemeshis Mbiadakaaaddis. thamo cagited| ed
“Structure @itﬁym@gidﬁdgf Padndsne §d ek FPEMpedmaPfd ®A Ve OfudpRBNan 1991,
No. 7, pp. 962-967), . a single Iager of the fralg?Ttlte mneral has a
t hi ckness ofR9TE&RJSt rSdH%S.t?‘Zﬁ[geF‘F]? AmdQT.erqy)the pellet is first
Egi %err} -AlAI[fefm]egowrﬁe](l(pﬂisﬁn]g*ﬂl;lléqa*dv}ger of mangagﬂzésél\hibd%ran‘ﬁ/{@frp
if[err err err err] *nHerr]0. . ... .. .lp case,o0
Usi ng. S0l el 5 BREPRECARSHE OTE ERo PORAER i SRS b1 Pt MREAAE "t he
powder of ansitiepadet sdibwsi tndh e ow de madr thanfir & e opdvides mdfn exenbanese
oxi de and/ of s PRLMRAYANALH N PFALh [RoFRRR IS APOYEnTE O inder.

The fraipontite mineral is aluminosilicate
belonging to a 1:1 type layer clay mineral of serpentine
subgroup and its composition is expressed by the following
formulas (I) and (2). As shown in Fig. 1, the fraipontite
mineral is a crystal having a double structure, of which
one side exhibits solid basic properties while the other
side has solid acid properties. These solid basic and
acid sides respectively act as the adsorption site for
acid and basic substances. "According to the report by N.
Takahashi, M. Tanaka and T. Sato, entitled “Structure of
Synthetic Fraipontite” (The Chemical Society of Japan,.
1991, No. 7, pp. 962-967), a single layer of the
fraipontite mineral has a thickness of 7. langstroms.
(Zne_nAln) (Si4_nA1n)010(OH)8 ¢ nHzo e & & 0 (I)

(Mg;_,Al,) (Si,_,A1,)0,,(0H), © nH,0 - - - o (2)

In case of using solely or in combination the powder
of the fraipontite mineral, the powder of an inorganic
substance as a binder, and the powder of manganese oxide
and/or permanganate in order to form the above-mentioned
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material | ayer or peIIet | ayer for use in the filter according to the
inventiqn, FENKA898B/SGowder particles make gaps or air perneabl e 108%s
t her ebet ween. Wien t he object gas passes through the filter, it conmes in
and conmes out such gaps or air perneable pores. Wile the object gas
passes through the filter, the fraipontite m neral contained in the

|norgan|c -Ia r t e a |n
oot no. ganionkBhibGHE e oe pOF BW BELIER A VFECRYr BRI I
When t he pdindktenf magadam o>t|0det:!umd/ omvmarhmganaaémge@dnt auorveten n the

| nor gani ¢ ’?éf’fiéh %aﬁﬁk’e k;"a W bl 34t B@r Pé“}i’c?réé”ffl&*ér%bg%ew whi ch

i s harnful acture o sem conduc evi ces nﬁgne I ¢ disks, and so
forth, everWh%ub ecehdgicle®dh R#RSOH; & 1r Iyrfihgesncdt somaFic

aci d used Iirhtahﬁi [doifd §1 B QGRS ddips A i @I&%dppmp@f@@sphwlqe
pol | utants ol capi ¢ gas contalned IR tEB gh door aha tntroduce into
t r

the clean r &b Wagsescthroug rers § EaLpolhiktf ous
aci d gas, vﬁﬂmélraaaaabﬁtmmdamaha gasrlgrantﬂmmaltrmsmmleaye@r et § ared

b d h h f f d
devi cea. Lo EuBb B ate M mohb b FEBT it TR, e Fiendyi F BRI O,
i nor gani ¢ anbsd m@/usebjaascalrbpnuert ifecr cfomrtra:rtged hen ftilres © bgire e gl
| nor gani ¢ Ehide! rrgay rPaen#‘l‘?e%”@ Oéngétﬁ'e%@?}nafnrgoarﬂé & 1s

|norgan|c Su stance OFﬁ]ﬂ e SECOH organi Cc. na
| ayer. For qmtahaed ilfl the m@rgam@ @@ﬁsﬁmb l@é@rasl‘avbihheacwm

form ng the;ddrséehm&Pb Iash T £t ebk@'de'ss Slox clyd dH nargl h%lﬁd”flﬁls tfad €,
kaolin m neral, _bentonit i norgani c materi al ﬁff for fq{n1ng

the second B#RUE éﬁf‘é‘rr?anr?f%ﬂPlﬁﬁ?db‘é’ts‘b‘i é@tvelope%masﬂb%tb? Hherddld On

one hand, idotHherthor garinC tﬂwaﬁglan@@nsu@heais ivl il o jébe galse h&gng the
strong affinit for theé? i.C CO is_|

ound ,is_i uded .in both of t.he first and
Second | noryhFBRRGe cf FAF Srdyere o REC Aot Bl LR AABS P EPISNT TS IR 46 | ke

is naturalryhencleaaedpomy)aﬂmnspherdhap@dhutémtheand volcanic gas
contained in the outdoor air introduced into the clean
room and so on will serve as a potential source of
sulfurous acid gas, which reacts with ammonia gas in the
atmosphere as mentioned aﬁove and gives the wrong
influence to the manufacture of semiconductor devices,
LCD substrates, magnetic recording parts, and so forth.
An inorganic substance used as a binder for forming

the first or second inorganic material layers may be the
same as or different from the inorganic substance for
forming the second or first inorganic material lavyer.
For instance, if the inorganic substance used as a binder
for forming the first inorganic material is the clay
mineral such as talc, kaolin mineral, bentonite, etc., the
inorganic material layer for forming the second inorganic
material may be selected from such clay mineral. On one
hand, if the inorganic substance such as silica or the like
having the strong affinity for the boric compound is
included in both of the first and second inorganic
material layers, the total quantity of silica or the like
is naturally increased, so that the change with the
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time with regard to the protection efficiency against the boric compound is
natyral Ly rﬁ'ﬂﬂmw thus making it possible to effectively ren8the
bori c*conpound over a Iong period of tinme. |In order to prevent t he
fraipontite mneral fromits exfoliating and acting as a 'dust source, if

t he inorganic material layer that is directly fixed to the supporter

f f I
o o AASshRLBY b 1pk, wih Helnd N SN BPLEE L Bbo! RXRR A T
it is pr‘efeambfyséobbeéwlbycmmundrmgamlﬁrariahemmdeIsagaelrlere thie

second | norgagy g mii?”}% 5246 togt éPfEQ‘t'ﬁ%W refanvénStt}?@C%’ori‘@e

povvder of an |nor nic SU iance or . a m xt ure of he wder of an |norgan|c
subst ance %mpovn p¥Rde? lonenmngindsel bimge aIﬁUpade&ert@aﬁg&We&ret I'n

case of thetl@@'f?hapolnftllﬁe |51 A @F ARdf vl liGt@Q:xtﬂ‘tﬂ PQW@'&@ ghdt I3‘3:1:1ng
frarpontrte m ney al | S pre;.eral.eto coat it %out face, 1 n the
t

same way as?¥&k&Hih Sr%%‘é%t bt the ineFrganic materila rIDzfy""eer Hbcisily,
in case of dbrerbmgytﬁe::eldtter)nﬁsé sweyesr oercoat fhayeo fiticé lfdrlntgeslﬂ ie:.a gel

E:gﬁsggsi)yegéﬁg r. tqexgé%lg Fr%%%%ﬁf??hi %gr]ag%'o’}%} &gseg'h‘i lé %nd/or

basi ¢ |npurmmwésrlthhhecfeanppmmmtﬁrmxnﬂrmb,aﬁh@r@mﬂeam@S¢emmnﬁamq means
of the frai 4t S n 'e’F)x‘f*H ties
such as @pq 1%555}1%%%3%% éséc:‘??%Beﬁﬂvﬁwﬁhggn?gyn?ﬁghg%t H%t r alce of

t he substrai%yegaﬁ fe defsoreaoadd imawgeui py nptegdral Lavest itha tani s

i nor gani ¢ Sﬂ@ﬁlaaceoﬂs Fd¥ ndaktaMiEh ithe Uﬁ'Sﬁd@rCVQPOVaQﬁ @a@/ﬁanlc
nesopor es. ordr ngen 05 the filter ac orﬂ to,the invention is
e“at

appl i cabl e ?‘6 gben Rodphet BT En@ludh ‘T‘B% OherAR ak RO TERR L nant s

whi ch causgbstahee audf acheCOpbald\errat b@n nanighe e stoxdids am fsy
capture al npst al | _of such

A : :
m ner al forp?g%\‘}lgr?dlaga%eouénacc%s%nafg ‘g?fﬁgm it eg c%)ﬁtee‘\EI g%é)gnt e

including the powder of the fralpontlte mineral, it is
preferable to coat its outermost surface in the same way
as taken in respect of the inorganic material layer.
Especially, in case of forming the outermost layer or coat
layer including silica gel, the most effective protection
may be achieved against the dust that is caused by
exfoliation of the-fraipontite mineral.

Gaseous acid and/or basic impurities in the clean
room air can be adsorbed and removed by means of the
fraipontite mineral. On the other hand, gaseous organic
impurities such as DOP, DBP, siloxane and so forth, which
contaminate the surface of the substrate, can be adsorbed -
and removed by'properly selecting an inorganic substance
as a binder, which includes micropores and/or mesopores.
Accordingly, the filter according to the invention is
applicable to even the atmosphere including various
chemical contaminants which cause  the surface
contamination of the substrate, and may capture almost all
of such. _

" In case of making use of the fraipontite mineral for
removing gaseous acid and/or basic impurities contained
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atnosphere, as shown in Fig. 2, a single layer or stacked several I%¥ers of
the frai poRTNKIBO0R3/SE are preferably arranged in random around &

|norgan|c bi nder particul ate wi thout overlapping with each other, such that
the object air to be cleaned may cone in contact with the adsorption site
that exists on the surface of the single |ayer or stacked several |ayers of

e ol POty (g PEROL LIS O LA RIFFATC2 NaCOTh ATk Halvkd N

frai pontite mnera ctl hroug organic éri al ’layer, which
i s formed cﬁtahleedntsreg/aﬁﬂ%lsdlbgtea‘mceo u@heasfmnganéséeommerpérmmganate

or the lik u | S t bj ect
ot Can pacr SheraBly Hek T A RAIIBR Lof R Qfgéna?akea?%ﬁ
sever al |am%tb¢uﬂﬁéerrva4bbﬁutt@vm aplngvé%hbéa@ M yher st siush

inside a poglpas thé WY 36 €t (dir o bROCARU e A Y icdimd qmeeo@ftatdwuemm@nt i on)
such that tqb obj,ect |r entering.and con1 out ?L this orous structure
may cone i nFtOnPASOTR #P?h@lﬁﬁs%hﬁ ﬁxéﬁt fig SO qﬁ@s@ﬁf%ﬁf(ﬁ t he

m crocryst adlr(ghepbayerranlsan'ackbdckmeesalséwrems bé‘nshanﬁsaﬁpmt idieanet er:

100 angstraq m C§-0/Te f 1 I pon |t th by, y enmovi n
gaseoug am"gf%%g?ir bglé}?% Bﬁﬂ&rcq;“aegxe % " rr?@r&%?k/sat%’ Bﬁrt?l gHe °
frai pontitefmihpoal iitrec| mieeradi tdiare ot Ly opar et hopughs dpoe eioapatalne of

physi cal ly adsor bLag; Qﬁg?ouv?h%ﬂaﬂ ¢ Jr Y Idif Efe. iﬂU?ghthaL‘hB%t%%ce

capability to adsorb an enbve gaseous organic i
preferabl e Sk 2Remangscass doidesePphtemeanater aécéhel Ad kieo tami

i nvention igy¢bdaesNshid aemeimeamqrbeWo&t wqtelg ¢hat the dbSkct
preferable that the hone structure,is fo i.,norganic fiber as the

conb
i ndi spensalft ¥ (RAfuPRASTe Rl ST RHYIED - FuALKS %glﬁ the ¢ &Y 4% nmde

of ceram CSorlstta/nkédbzee@éﬁaldbdywtshoa sheofiga dpdnidrit mimfeace]l hdhieh is
i ptenance qf the

preferable mthe s Qi nt, , of stall t|on and mai
P e hetd HeaoVeRL g caRgt dipdindd adt L b FERurns LEEATESR,
. inorganic mater1a1 layer of the invention) such that the
object air entering and coming out of this porous
structure may come in contact with the adsorption site
existing on the surface of the microcrystal (shape:
circular, thickness: several tens angstroms, diameter:
100 angstroms to 1 micrometer) of the fraipontite mineral,
thereby removing gaseous acid and/or basic impurities.
The microcrystal of +the fraipontite mineral
includes neither micropore nor mesopore capable of
physically adsorbing gaseous organic impurities, thus it
having no capability to adsorb and remove gaseous organic
impurities.
It is preferable that the supporter for use in the
filter according to the invention is made in the form of
a honeycomb structure. It is also preferable that the
honeycomb structure is formed of inorganic fiber as the
indispensable requirement therefor. Furthermore, if the
supporter is made of ceramics, it will be provided with
a strong and hard surface, which is preferable from the
standpoint of installation and maintenance of the filter.
The term "honeycomb structure” as used herein stands for
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structure with the shape of a honeyconb but also any structure including a
.plurality BTNKBB@03/8& air can flow therethrough, for instance a #888cture
havimg a grid shape in section, a structure fornmed of a plurality of
corrugated sheets and flat sheets which are stacked alternately, and so
on. Furt her nor e, the term"supporter” is not limted to the

honeycor Bushea Ny JBYADS g4 LAreR, e onal niRSS Sl £1kbke rook

wool . In t I's’ cas er o 'S prefe
fixed not @ﬂNYy Sttcrum‘@unse:rmeéudﬂmgh@ ndsurashtmt@fec@hhatb@ gbTt BaNi nsi de

thereof. | £1odRR4aNSF OukAe FSrUSREtbRCENS {EELEruRes LY LhErid

i nventi on, refera one selec ron1tr| ngan
tetraOX|deS@ﬂﬂQﬂ#40f§P¢Pinharﬁ%@ﬁﬁé§é%rﬁQﬁW@§ PﬁhPeﬂﬂqﬂ%imEY 0 nd
manganese @Io@@@h@a{mo[s&ré&is fid iflsitanghe et Whslchpopelears satkeidous
acid gas r ﬂresent¢n? the s quL” oxides is %ar% neutral i zed mn%h zinc or
magnesi um @ 4314 ﬁomnq m R8ral®®if it MY Q&?mggert ﬁi Swever,
sul fu][ous deiubmst &8” oks diaed i tedgemedee d»dmhaysc?mhlétlromum Hugas S
transforne u ric | ' : eaC | I nc or
nagnesiunn%&ﬁ néd{E? gﬁé %Fég&éjh {EﬁLg##%fgﬁk ylEE% 58831%304[
neutralizedmﬂthIEHDaed. thﬁupmmddrzpﬁgthﬁr%mglnoaﬁlmauﬁﬂmgeangQXide i s
not so | arge.. SO JNRL if &“ Ho?OtorPFye%Bethl?Q fs'ﬁa}fasé%f%o%@ch@s%as s

sufficiently renoved mnth he next how manganese
di oxi de M&Z TUhbiee bu¢f@ﬂdus b@lﬂhgaélﬁxﬂiﬁrThﬁFPP be expl ained in the

following. At fiMathg asfmwr&yﬁdacw ﬂ@é"dlihtﬂ?eafilﬁléﬁsé)bw?dhﬁigmﬁh%tUre
adsor bed by, pores, of t he hone cgﬁf@iﬁruc ure accordi ng t he fol.l ow ng

formul a. SOSr§TtioRf P39 - PSopPé&r r pRY °neTh§ﬁ?e§GFﬂu SEOMacid s
I mredi at el \t o Zgdngazed ey 4 el &yneéMgl e1) £ &if-matngtmimntr hexddduct i on

ProCess B (i) R Rk AR 0 AR AP0 P oor B TROSARGSS dhge 0o
most popular sulfurous acid gas representing the sulfur
oxides is hardly neutralized with zinc or magnesium in the
fraipontite mineral, if it is left as it is. If, however,
sulfurous acid gas is oxidized by manganese oxides,
sulfurous acid gas is transformed into sulfuric acid,
which in turn, easily reacts with zinc or magnesium
contained in the fraipontite mineral, thus being
neutralized and removed. The oxidizing strength of
manganese monoxide is not so large, so that it would not
be expected that sulfurous acid gas is sufficiently
removed with use of it.

In the next, how manganese dioxide Mn0O, removes
sulfurous acid gas SO, will be explained in the following.
At first, sulfurous acid gas in the air dissolves in
moisture adsorbed by pores of the honeycomb structure
according to the following formula.

S0, + H,0 =« H,S0,

Then, sulfurous acid is immediately oxidized based
on the synergistic effect between the reduction process
by sulfurous acid and the oxidation process by manganese
dioxide, thereby being transformed into sulfuric acid
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to the next formula. Herr]SO[err] + 2Wngerr] -> H2SJerr] + Mi[err]l(err]
Sul furic aFTNK98008S&l so produced by ot her manganese oxi des t hanl4f8Rganese
di oxi-de MhQ2 according to the follow ng reaction. Herr]SOerr] +
Mn[err]O[err] (tri-manganese.-tetraoxide) -> Herr]SJerr] + 3MnO
Herr]SOerr] + Mi[err]O[err] (di-mnganese trioxide) -> Herr]SJerr] +
2MhO Manganese oxi des may tr sul furous acid into sulfuric acid
not only b?cFPg%&a%i€ ngﬁleuﬁ@' 'tonﬁg%{l&g?éo by its catalytic action. Wen
manganese HxS0gsta2MnBs = cH§30yst Mng@; oxi dati on nunber is kept unchanged.

n the next, SULYELG;ACi AF RIQHUCEY aROVS, Diidifted ©agy s dthbBr2ine
contained in the fraipontite mneral to produce zingc sulfate accordl ng to
the fol | ownaggaers #xides than nagganpse dipgide !ﬁé@[aew?r 1p€etP] [err]

The above ighedf@lowifaceqn thiyqrul as regardi ng manganese di oxi de can be
T RLerroperr] Hagpert Mpade (7 1-RangaRaRs GHotr apo0Ae)art Hh3%8 2ol d ghs
reacts witgmyaionc and is renoved producing a salt, thereby an
environment suitgblge fo nuf acturing high _precisi el ectyoni,c ts or
the |ike being pﬁ_é%@? ngnz 8i {é %H&g‘ﬁlee 2 c}"lrc}quﬁgaigg _s—luglg’csz’i% i-l-a%ﬁ;ﬁ/‘b .

i nsol ubl e i n wat Mangiam e sse pref de abhyy pt epasdod rim sthlef yoows odciHelbiiok
articul at . - ' ter saof Vi - 1M : : [ t he
P 3% 1&?% St analﬁﬁ v i%s cheifiailﬂkg{l?ﬁl\g&opJWDdHE%

above ché&Mi'ca action, t’he “t ransformation C [err]Of[err]
takes pl acdy Thsscatisdretie dehionhat Wrgremamgenefe AxgHe scdedr asha

surface of .the UK pPaLki g&liﬁfaet Pén M2 b1 14 OkEpRr @vRMa@e@anese di oxi de
fromcarrying out 1ts,_ oxidizing prﬁgess, thereby 1ts functi gn g{’oadsor bi ng

sul fur oxides beillg WeBkeme¥t: HOWRLERT 14i - AfiAdandSe RFPOUCH ve,
(M[err] O eiyddhd® sekellse wthheia@ dcésybfineid Bei dhien fid Spoaséke so

that the free o e ST 30 u e 75 58 i £ WY R P SY1 854 nlpy the
formula.

Zn + H,80, — ZnSO0, + H, 1

The above chemical reaction formulas regarding
manganese dioxide can be arranged as follows.

S0, + H,0 + 2Mn0, + Zn — ZnSO0, + Mn,0, + H, T

As mentioned above, sulfurous acid gas reacts with
zinc and is removed producing a salt, thereby an
environment suitable for manufacturing high precision
electronic parts or the like being prepared. Since
manganese dioxide is substantially insoluble in water, it
is preferably prepared in the form of the bulk particulate
so as to have a diameter of several microns.

During  the above chemical reaction, the
transformation of Mn0, — Mn,0, takes place. Thus, there
is fear that Mn,0, might cover the surface of the bulk
particulate of Mn0, and might prevent manganese dioxide
from carrying out its oxidizing process, thereby its
function of adsorbing sulfur oxides being weakened.
However, di-manganese trioxide (Mn,0;) is soluble in the

~acid (sulfuric acid in this case), so that the fresh
surface of manganese dioxide can be always provided by the
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above-nentioned action of sulfuric acid. This process can take pl &% when
tri-manganEINKI80QHRGie (Mi[err]0[err]) or di-manganese tri oxi di 9
(Mi[err]O[err]) is wused in place of manganese dioxide (WMJerr]),

so that the above fear is elimnated. Per manganate used in the filter
according to the invention, nmay preferably be either Merr]Mi{J err]

(Merr]: abkaje datlon8l oMIdd (MPOLENENE rdcs M emis ghbabime
earth netal’). Sulfurous acid i's 1medrately oxidized with @he synergistic
ef fect bet wean tadee oxl aaei &hepr daissn Y2 pBLSEnJeict 20 ahder K %decpiron

process by ggulifiif p45e 861 dt2RGxlisdd I ated W,0ed fisnt el fuin ¢ @thde Weifch, in
turn, causes the neutraI|21€g reacti.on Wth zinc ar naqﬁ93|u¥|contalned-|n
the frai poR@&ang fer A10%h ?e&yh vi 8§ sth#br dude adPP s L€t % hd Ssame as
descri bed alauei 4t e@nnecti on with manganese oxi des. The inorganic
substance used i the filter accordin t i,nventi py ef bly be
t he one selectedﬁﬁﬁﬂﬂQ%ﬂ%?£ﬁa8ﬁe i eng}ﬁiﬁm%%i?%?%&igﬁgnégrﬁﬁ%
silica, al dmventihdon} umayofpsefecabdiyddlenenaheal WiMnly s{Miicaatkaddti vat ed
al um na, Qr.0 gl.ass,y11 nat ed gnhesi 11 cat I ) h havi ng
a crystal G ureogf t.eqyﬂgﬁgﬁ_té@g,:ac?ﬁggﬁéﬁiglag?egﬁ% E%Q?éggéd

bent oni t e. STHefwr ¢ wor gasiid subst aridute ¢hat pdyadvamt djzeds| yWidkled ftée

adsor bi ng %%JPQP%’%EE 9eERUT gaRken MPHEI toRPdatilhe BPWRsPf biyhe

frai pontite 'mneral has no self-bonding property, so th a_certain binder
has to be @ffiRamganpyeusded, the redustian é’tﬁ%‘e%s%fbﬁ’i&‘é fugoiseagd® ace of

the supportag{d tPs f 0 Bnd flontsd t et 08 u 1l fitel @bgy edenhiiaind bnl taznyay be
replaced by silica gel, while alumna my. be rephaced by alum na gel.
Sinilarly, S 0F w6 eh 61 LAk i Mo F SR Gl AR RS IR I ved
gel consistdowt#inedl iea tged fwndipbuniine geineral, thlee dbmor pamoe isuhst ance
0 1T, S B5B0LS, P WS p OLRRCIShE RS0 SPEL bl 0T e
connection with manganese oxides. |
The inorganic substance used in the filter according
to the invention, may preferably be the one selected from
tale, kaolin mineral, bentonite, diatom earth, silica,
alumina, mixture of silica and alumina, aluminum silicate,
activated alumina, porous glass, hydrated magnesium
silicate clay mineral having a crystal structure of the
ribbon type, activated clay, and activated bentonite.
These inorganic substances can be advantageously used for
adsorbing and removing gaseous organic impurities. The
powder of the fraipontite mineral has no self-bonding
property, so that a certain binder has to be additionally
used, if it is pelletized or fixed to the surface of the
supporter to form a layer thereon. The above—mentioned
silica may be replaced by silica gel, while alumina may
be replaced by alumina gel. Similarly, the mixture of
silica and alumina may be replaced by the mixed gel
consisting of silica gel and alumina gel.
' The inorganic substance preferably has the pore
volume of 0.2cc/g or more, and the specific surface area

of 100m%/g or more, respectively, in its pore diameter
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to 300 angstrons. I f inorgani c substance selected as such is used as a
_binder for FINKO98003/86& c naterial |ayer or the pellet fornmed of t h¢/83owder
of the fraipontite mneral, the inorganic substance serves as a kind of an
adhesive for nechanically fixing the powder of the fraipontite mneral to
the surface of the supporter, or as a bonding agent for pelletizing the

powder of the fraigponti A meral . rt her . ach o lnC
subst ance ﬁﬁ?gﬁr o‘%/fdggattg)or%szl éﬁggéctruordezé,{ th?(gﬁf%g%ﬁgfghé% Je%tﬁlggas to
be cl eanedsedme ateathaacsdchnd/sorusedi espsi hinddmtfexri sheorineeganitace of
the crystal | r, of fLai ti LNl hle e6¢TbE sHef ace
area and t StéﬁﬁaIX&ﬁﬂﬁﬁ %?'?ﬁg b%?éggfgxﬁﬁﬁgtoiaEﬁgggfgr is in range of
15 to 300 Amgdtradneiterminerads elihgi i ROXEFAIL P REFABEE FREVGSAS @

subst ances kGaRRRIreaflf a BRI VST ramed hinied 11 pyf ieang ohet pewbet ot hod
and the nltaog n gas adsorption t hod res%egtlvew% th'TabIe 1 ihgms t he
measur enentt ieeddalnont Lhe mixgpad tophRigesusdiane ¢ SR LeT:

Pore Vol ungfce/sg)a bonding agent for perkafiféng] td)e powddy OF Alsorption
by BET Met hod . Por si ze: 15-300 .

angstron1di£ﬁ&ﬂQﬂ£ﬁﬁe m1NeT FurtherqgriB sFPPgagﬁﬂorga?lc 400
0.61 al uni sabgeiance may g50vide a poroud. sHrubdmireumiditgeshevhizghs

2680 aCtiVQﬁﬁpcﬁ%ﬂﬂ%gq%%%?ggi?% cleaned cggggeach aé?d“&h&ybgpgﬁgﬂ% gl ass

. activated
cl ay podnts that exigt3gnathevausd asentadhitthe grystal layer o 23
talc the frai?gﬁtite mineral. 0. 07 kaolin mneral 21
0. 06 G 1) bentonit 23 .03
O'Up(l'he sggkfgicesurface area and the totaP volume of

the pore of which the diameter is in range of 15 to 300
angstroms, are measured with regard to various inorganic
substances capable of being used as a binder, by means of
the BET method and the nitrogen gas adsorption method,

respectively. Table 1 shows the measurement result

thereof.

Table 1

Powder Sample Specific Pore Volume(cc/g)
Area(m®/g) by N, Adsorption
by BET Method Pore size:15-300

angstron

diatom earth 200 0.25

silica gel 400 0.61

alumina gel 250 0.60

aluminum silicate 225 0.60

activated alumina 300 0.30 Group (1)

porous glass 400 0.15

sepiolite 295 0.33

activated clay 300 0.37

activated bentonit 87 .0.23

talc 28 0.07

kaolin mineral 21 0.06 Group (II)

bentonite 23 0.03
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above measurement silica gel is used as the powder sanple on behﬁé
siljca,.anBETNK98GQ8/861 is used as the powder sanple in place of &{/8%ina.

Si mIarIy, the m xture of silica gel and alum na gel is used as the powder
sanple in place of the m xture of silica and alum na. The reason why the
' measurenent is carried out with regard to the pore in its pore dianeter

range of 15 to 308 FRESAREYE: gbasmtmuérh@ ROTPiLA KBISi5apeEdlyaCthens wel |

as a physical adsor s_organi c |n11)ur|t|es An r of
gaps or alpopdrerreaallﬂ@lmop@s ghel opﬁeﬁlbép\ﬁeeﬁnldh% BBl AGcHe pbﬁd&ﬁe f the

fraipontitgsm BErSbydends &hﬁerthlflﬁﬂcbh§f3@1@ﬁ§ﬁb pogiaii DirLp ther gani c

substance as a bi nder bet ween, the

frai pontitBlFtigearianilice g6 cﬂ‘quﬁén?rﬁ)‘?lgdrﬁ Bs§di8§tsa{1]&8 pa%wé\eﬁi nder .
The obj ect salmblteolhepr—hean@ﬂ ey nf il 000 & drofight 1t1msangh|a§umrmr p’éhereabl e
pores and reach t ia%iorptlon site &xi.sti ng L he suwr.f gré)%p

m crocrystgleatﬁoncl’? ¥ o IHi 3 T or fPRBFal S G trel TR uri %I es as
wel | as gasheupsobasin n’msplpraxte dd anomiter mech ¢ herfoilh ho 63 0 Sovgtir omg,
renoved. r t e..abj.ec K C

count | ess ﬁ&nt)ggt ?ﬁgorf&og %xf"g?g%n%?aetl%\aﬁ?’esur gcglﬁ}#}% Jh@al

i nor gani ¢ edisotrdraret urs&ailastagblsle@ers ML Faie hmpbiré tdiesvet b BWMbRE

above- ment i,gn n tsher u NpG héHeD Qe NHei N the
object air be%ﬁdﬂidggr aeg(e ﬁgi{?garrgg% Sp&fA%%o? |elnglylp(w,I bes] él}esﬂ; aﬁ)eremval of
n

bot h gaseo@sf;l.]a@cqfi)“bnﬂolﬂéiﬁfb pipdrhe i Exaipanhite Mé“’o‘fa he?d 8Pposes
of the inventtyien tthe raelryw@énefpmeiau@forr}g@mmoxrmtctsebscancmeas

hor gant ¢ SubRIHE et e’ SUmERA - BHAVERB of ity BTy oh ¢ Bibst ance
bel ongi ng tfadipowt dup (MInesadhowmd i r‘th'léabbewlier of thewinobgaumcerstood
A e Pt (R
those of tHddmdrigaoighbt heee gebsngmnguroptetrelegﬁbh@ qorys and reach
the adsorption site existing on the surface of the
microcrystal of the fraipontite mineral, where gaseous
acid impurities as well as gaseous basic impurities
contained therein are adsorbed and removed. During this
process, the object air comes to encounter a countless
number of pores which exist on the powder surface of the
inorganic substance used as a binder and have a pore
diameter in the above-mentioned range, thereby gaseous
organic impurities contained in the object air being
adsorbed and removed. Accordingly, besides the removal
of both gaseous acid and basic impurities, which is one
of the main purposes of the invention, the removal of
gaseous organic impurities can be secondarily achieved by
properly selecting the pore of the powder of the inorganic
substance used as a binder, and employing the inorganic
substance belonging to the group (I) as shown in Table 1.

It will be understood from Table 1 that the specific
surface area and the pore volume of the inorganic binder
belonging to the group (I) are considerably larger than
those of the inorganic binder belonging to the group (II).
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I norgani ¢ binder of the group (lI) i's superior to those of the grou éll) I n
_respect, of FITINKQBGEI/B& adsorption function agai nst gaseous i nor g gf

i mpursities. The inorganic binders of the group (I1), for instance talc,
kaolin m neral, and bentonite are selected and used prinmarily taking
account of air perneability of the porous structure (e.g. inorganic

mat eri al ted Wit I of sai er e (qore gthat .

are forned?ﬁgf%ﬂﬁﬁp ent h &ér ﬁgrP ateé an%hglso meg% tEe bi nder

pm%|culateuaminmm hds&h@aﬂ @ﬁrmh@mgﬂQﬂDhéﬁéaakﬂzéeépeﬂ&nﬂ sbbe

angstr oS g M1 | 0q SbREY 1B Uun Y8 Bn2lale 0 P 2PLE U 1 if0 Bahlle
ge and Tl ess

nacropore ontributes to the p I Furt th
particul at é npwtiidee of t hbe; hﬁpégmncl%lbﬁd’éire%%éﬁl éget &F@upkég?r m)%fe’ﬁer aIe
and bent onijingt 4\Cé 44ESe | R P07 18 S IGAPERL £ @ﬁdﬂ%rﬁ@émlﬂg ahe physteald

adsor pti on of gasepus ,organ urities uent | i ga

bi nder of @Rd g‘rsc?djg (rI]1")a1i"s br?%ﬁi‘?‘gyaﬁ§8&”‘f roﬁe Y dgeeaﬁ} ﬁg gﬁl cally
holdln? tth“?ﬁg6f°Q% tQErﬁcaup@nt(éEgnlnfmaﬁganlmhemaUBta@d olayhe)
supporter e qu nt| er, of cthe, fr r 0 be
hel d on th&® ﬁ?ptpro‘f‘fﬁ tﬁ?ﬁgglb@ \é‘qj ﬂib?@ R e?s%%gm% H}ﬁ% l%otstm bl e
in order atre ﬁnﬁﬂednhaﬁqunr&dmaeenqabe@mgnlnanﬁﬁﬂulaﬁpﬁrandeg son the
ot her handbet%g é]ﬁlan{:h Ii)qtnl ‘f‘tl’& elghgtgéc aRigndemn d o_% Soppwdgr of

the frai ponti n1nera S pr | ess as possible. However, if
t he quantlm@nﬁlmmbatnorbaﬁﬁcabﬁhéér0|sa ediic &f é%ﬁ§%§¥9§ﬁy°r BR&EE:powder

of ~the frgj B‘E'Bte'II(Eo%@er§ﬁch5aif'%%@£ﬁtllé petd i()élltnhEhéblﬁ)@@f'bﬁbr%UrfaCe

whi ch- m ght cause t er of the fraippntite mnera ff d
make it actl2ds % 3G 39618 GOREEL bdRT o EEP ?h\%?éﬁ@i W#&F%anﬁ t’ﬁg

Itﬂorganl c rt&ieerpa?el]ttiau%tl@ysﬁnrmanget@fe phwdeh oafg drhiec ftrﬁmdmnt suehmameral to

ST ca e BAh Gorkant LoaBnBEra adtt & ch ant BRaHE A FulhET BRr PRS0t e

powder oftdupébheWMMpéffonmlng the phy31ca1 adsorption of gaseous
organic impurities. Consequently, the inorganic binder
of the group (II) is primarily used for the purpose of
mechanically holding the powder of the fraipontite
mineral on the surface of the supporter. The quantity of
the powder of the fraipontite mineral to be held on the
supporter surface is preferably increased as much as
possible in order to sufficiently remove gaseous
inorganic impurities. On the other hand, the quantity
ratio of the inorganic binder to the powder of the
fraipontite mineral is preferably made as less as possible.
However, if the quantity of the inorganic binder is
reduced excessively, the powder of the fraipontite
mineral is incompletely held on the supporter surface,
which might cause the powder of the fraipontite mineral
to peel off and make it act as a kind of a dust source.
For instance, when forming the inorganic material layer
by fixing the powder of the fraipontite mineral to the
supporter surface, u31ng‘benton1te as an inorganic binder
alongw1ths111caasznl1norgan1cadhe31onas31st1ngagent
if the weight ratio of the powder of the fraipontite to
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I norganic material ‘| ayer exceeds 75% it is found that the nmechanical
.strength f BTNI&IOOHSLhe i norganic material layer on the supportel /88 f ace
is inmpracticably weakened. . In short, the role of the inorganic binder
of the group (Il) is to firmy hold t he I norganic material |[ayer on the
supporter surface and at the sane tinme, to secure such excellent air

bili t t 4 h .
Pl ponti t het (he AT, PROEERIITE 0ot PAE" 1aiB P UREE | 130, Lt 45,
gaseous or §anind i fparti t ths. mp g heades aof t&ﬁiemﬁﬁbanf@rbﬂhﬁbdlbg t hBegr oup

(1), the aip hefEAd! faRYTES t'rasrer R th "eflpp tiecté&eegurf%@cwt

bi nder partlculates an al so pet weéen bi nder ag%#cu ate ang HE
adsor bent pEPTIAEH g @b ﬁavvée% engd. si milimr st@nthat tde t K& 1G r ofer 8Dl e

pore fornednyrigadie Bm&@ﬁnbf bh@dgfo@fp t(nq)grlwrto( If)rmly sl dt bRe

excel | ent alrﬂpernnablllté i iecure nﬂ t he obj ect q% fan reaﬁh gﬁt

ease the ad88FHATIC A3LeEXPSTAYCENOPhENSI SHBPATer YT Face BRI A

: fraipontit@h@l@emd tisce,t hat g&ﬁﬂm&ﬂsuﬁhg@seemieamld1mnpwmme&h1hnﬂygaseous
basi c i npur, tles | e t mn u ng.di s 0 e t

exi stence t"%org’aiﬁ%g g%“aser t%%ggirlogcgl %’%mdr %H regnggh of

t he physi cﬁhraadﬂmmit@nmbyletﬂwl PO eha@asms.t ba!:ealﬁs not ewlqerslne;m tor eased

in the or dglhy%h J%I?%%%r%%@ i£:01 ¢ 15”1(}{19LPP ’€1e It 155 c@dofi N

gener al e ‘mact opor e ut es ysi cal adsorpti on.
The partlc@h&témﬂTﬁaﬂﬁﬁrhﬁgdﬁrc05lhbérgepumhé gno ql®14u%§%meﬁb%esurface

the pore syihald e Qi iCar hyiend @uirmte Ph%SIweAdn ads i ¢ oAt agah PR egaseous
nol ecul es, nanel he n1crap aéom%th thghgﬁre di ter of, 20,angstrans or

| ess, and PRE Fesyih pEvge & bl date Badgkc Bl 335 #89500
angstrons, t&@ Talaeto:gaés:eoqsalotgaﬁleuer;rphelvtel e5s$uehsamm@rf toBPhaBHb £

oSS R P05l SR Ty e BRSO €
can be phyfsithal group (II). Thus, the excellent a1r permeability
is secured and the object gas can reach with ease the
adsorption site existing on the microcrystal surface of
the fraipontite mineral, so that removal of gaseous acid
impurities and gaseous basic impurities is carried out
without being disturbed or prevented by existence of the
inorganic binder of the group (I).

The strength of the physicel adsorption by the pore
against gaseous molecules is increased in the order of
macropore, mesopore, and micropore. It is said in
general that the macropore hardly contributes to the
physical adsorption. The particulate of the inorganic
binder of the group (I) has on its surface the pore
suitable for carrying out the physical adsorption against
gaseous molecules, namely the micropore with the pore
diameter of 20 angstroms or less, and the mesopore with
the pore diameter in the range of 20 to 500 angétrems, so
that gaseous organic impurities such as DOP, DBP, BHT,
siloxsane which are unable to be removed by the powder of
the fraipontite mineral and cause the surface
contamination of the substrate, can be physically
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removed at the powder surface of the inorganic binder group @é.
_Sinilar,toRINKO88@3/8G t he i norgani c binder of the group (1), thezé) ntity
(weight) of the powder of the fraipontite mneral has an upper limt val ue
when formng the inorganic material |layer along with the inorganic binder
of the group (I). For instance, when formng the inorganic material |ayer

by fixing t wder of ,t LRoNg it LN 0 optrer tpgur f ace,
using sili& Sd%%%‘i aahrt(? ngreeg%élﬁéﬁbi %{éeﬁﬂ%f eéﬁtd\?\gi g%??rf?#%g (E)) t he powder
of the fraﬁmnngamiaihénﬂencgn¢mmeﬁibﬁe i norganic material |ayer exceeds

72% it is foundgh tléf“%&“*@@“&&Q% s€r eRQt RnfodgdiPl dimPnEbe bHoRGRANI C
a

-material |ayer on the supporter sur e |s, igpracticably akenegd. .In the
filter, ifgnaudslpperttdre quanpitaq Q%ﬁhﬁgpﬁﬂ%rb%ﬁiEO i af t&fer or
the pellet daysiohPetedhNHetrie Rawdeh whpehel inotgaalaebvhdar fotntihg group

), gaseous organic inpurities.can be adsorbed and, rennpved. t her .
gl'h)ere?ore, %ngpPrﬁﬁ@qpﬁjdb%F?Eﬂaﬁnél%%E er?é’tger‘fh?:f’t [ﬁ‘te d]eggfﬁg?’)ié:seous
€

organi c i nyindéesof ttiey groupe(BhYsor Fad dmdb rameeedvhbynt hermiagya

material |ayer or the pellet |ayer covering. {he_s or 0 a seous
organi c i mpUt9E§RB1G, élp%%%}a:lﬁ ?geatyearga g %%Pﬁﬁe%gﬁecebgﬁggzﬂedégbﬁé%? air
on the dowRtaiponside ohinkeafli| ter.the supportierfisusfage,t hgsiimgention

eliher the J11pLal P01 R0 TS £ 20 LAY PhdRE [ BT 2REORE IGHY GaT G R ef ! al
| ayer may include an inorgani c adhesi on assisting agent , either the

core portiorhef povd el bt bhet He zbrenhteayBineRer eo?énglfsqonépﬁdé%p

;“Ofga“! c %g&g@srﬁ%%waﬁ%%r ex£RR dsNgRgaNi ¢ iadhasdrchabsilsd i ng

gent is preferably the one seleacte fr_n1sog um.3|||cé';1teé S|klc%, nd

alunlna.Irﬂ@%ﬁ%né§§é,§$4q¥£@§ogoﬁa$Q&§i%%d bﬁ B&PA &2t ¢ sPRYEX

al umi na sol] gy ben 4 siup P Bser Gfuef ygkniss impracicabdiyngend enfeal.

Povention, foergd SeR1eSedi3 TEIO%{RFoFRAY AL d S8 8R WLk IR
inorganicmateriallayercnrthepelletlayerincludingthe
powder of the inorganic binder of the group (I), gaseous
organic impurities can be adsorbed and removed thereby.
Therefore, even if the supporter includes a material that
desorbs gaseous organic impurities, they can be adsorbed
and removed by the inorganic material layer or the pellet
layer covering the supporter, so that gaseous organic
impurities are never mixed again with the once cleaned
object air on the downstream side of the filter.

In the filter of the invention, either the first
inorganic material layer or the second inorganic material
layer may include an inorganic adhesion assisting agent.
Also, either the core portion of the pellet or the goating
layer thereof may include an inorganic adhesion assisting

agent. The. inorganic adhesion assisting agent 1is
preferably the one selected from sodium silicate, silica,
and alumina. In this case, silica sol may be used on

behalf of silica and alumina sol may be used in place of
alumina.

According to the invention, there is provided a
method for manufacturing an air filter, which includes the
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I mrersing a supporter in a suspension in which the powder of the
frai,pontit¥T rNﬁB8Q@3/§ﬁj the powder of an inorganic substance as a2b8fder
are di spersed as the suspensoid; and drying the supporter inpregnated with
t he suspensoid, thereby formng an inorganic material |ayer fixed to the
surface of the supporter. Furthernore, according to the invention,

there 15 PERUlPd e eidiod{9h g U ELHELROL AT, UedLhLehn Ul ghs RO udes

the steps sus
powder of the mmméﬁwn¢fethenéraumgﬂtxmé BHNAER oﬁmﬁ1ﬁhﬁwgﬁmd@rsgﬁstance

as a binde arl%di'%é’ﬂéegu%tfa%%e“bs@eégs&iHdef’”Xk@gdtlg%e%@é)d”éﬁrthe

i npregnated with the suspensoid, thereby formng the first Inor angc
material | &R&P &1 S@Hd tO"”f dring %ﬁWW%EﬁbﬁqugpmﬂSWﬁé t hae

suppor ter \snutsrpetxfwofd,rSthe@@rngamo@ﬁmwra@I1ﬂ1@y§anur¢ RaSPENBi DAyeR Whi ch
t he pomder ' s di spersed as the suspensoid; and

n0£ﬂan|c ﬁybstq%f i
drying t hefd r@r P hpfugt t AREhE UPRYRDi d, thereby forming the
second i nor gani cFmtté:reraiomLayeacf:bmldrtg) tdetlser ineendfi dme fheset isorganic

frret i xel Ry hqd o HORNO0PFr IRERRE RIS 48T yhfeR® 10 P
i norgani c daicdnides | dfer séeas tofbe fibmaknoinbe susiapowter hdseeond
i norgani c ts‘iféx?%]lon in whitdd ltHepdler %CP%]EL: ?Qalcbc%,dfc’h@"rﬁ" Lpg) there

IS prOV|de or manuracfuring an air ter udes the
steps of: andg affden elipborivereenis sudsdanon a5 awh trdeKeap6wder of

the frai poatllst;fef@@@raés t’ﬁﬁepo‘éﬂ%ﬁaéﬁsd@d‘ganéi?lﬂ@ de pand/Qippet frerganat e
and the pomder of ap |norq;n|§ subst ance asﬁg der are dlsperseggas t he
te

suspensoi d1MRTF &R A B&r t BUSPRBSEF \ﬁnrtqji’y t haTId e
t hereby f drimsig inatrgdmibe gant €r ial elagaérliameedfﬂmetdxet gulrifa cdioffagd eof t he
supporter further,, acc to the I nver t|on th

o ed asHBReREIh nilBEASIRd nots Dubor e MHA OTent kS

steps of: 1nqng&nscngatanmgﬁxﬂa¢er|nnaa suspen31on in which the
powder of an inorganic substance is dispersed as the
suspensoid; and drying the supporter impregnated with the
suspensoid, thereby forming the second inorganic material
layer fixed to the surface of the first inorganic material
layer; or forming the second inorganic material layer so
as to be first fixed to the surface of the supporter; and
forming the first inorganic material layer so as to be
fixed to the surface of the second inorganic material.
Still further, according to the invention, there is
provided a method for manufacturing an air filter, which
includes the steps of: immersing a supporter ipf a
suspension in which the powder of the fraipontite mineral,
the powder of manganese oxide and/or permanganate and the
powder of an inorganic substance as a binder are dispersed
as the suspensoid; and drying the supporter impregnated
with the suspensoid, thereby forming an inorganic
material layer fixed to the surface of the supporter.
Still further, accordihg to the invention, there is
provided a method for manufacturing an air filter, which
includes the steps of: immersing a supporter in a
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whi ch the powder of the fraipontite mneral and the powder of an | ani c
_substance FTINKOBAG3MSGr e di spersed as the suspensoid; dryi ng the gzﬁ?gorter
i npregnated with the suspensoid, thereby forming the first i norgani c
material |ayer fixed to the surface of the supporter; inmersing the
supporter with the first inorganic material layer in a suspensi on in which

t he powder of manganes ' r

subst ance SUSPURRGER 5P o EhebiedoREp oS R T AT ;@ﬂté“a% ﬂ?‘n“s‘ﬁale

supporter|anﬁeghﬂunmmderhofhensuspémankp sutes bapCcRoRFi AgPi REededdifd

|norgan|C|H¥§¥é?§ haygr f%%%p1§h§ﬁ@%§yﬁﬁacew¥ ﬂﬁg?ftﬁét 59poaiexr
on

mat eri al | ayer the sec I norgani c eri al 1ﬁfr S as to be

flrstflxedmnr@9@a§m¢embtbfﬁh% §G§&ﬂ%%ﬁ1 an&h%ﬁ%@ﬁgﬁﬁﬁ €y

i nor gani c r@fleétai'ndlaﬁfgﬁlﬁ%élﬁei'(iaQelﬁlyéQdfﬁﬁefdhEOStJlﬁéEmerf)icehffStém)nd
i norgani c materi al n this nefho

one of the ino gar su?g&
cIaSS|f|edﬁqﬂﬁpfﬁérgro&&“ﬂ5s¥%gpr5ﬁ€raSPFHQﬁﬁ?ﬁed f% Fﬁgr fhe rst
i norgani c ned@f gahikayriteriibe lageondinne. suspenAa:oalrdngwhlloh tuhes
met hod, the ]t be constltute [
desorbs norRP% eﬁasoefoug‘aﬁlg& REdES |t|% R?OXI \géép%éggag%ﬁ% %}és\é\mtrﬁat
per nanganatin ¢ sgaadd, smlinsetanlceerasrap Hei wdest iana ed1§ml§§‘tseﬁd i &bl W
W th | ncorrb#?%hghgpq%t 5! drying tﬁ‘%cgﬁgg'agttec% t1 é@Wl‘Eﬁ'Qﬂfb l S

provi ded a I"Ci ency I"eani ng aratus eep, |ng ec f|c
space or rommnenaolléluelth@frerbebﬁprr@dflﬂéé%rﬂ sRESRd Mpé”lgalnrkq &é§

circulatiom pagh, %M?dftéttq{e 3% rdescs idfed hienf § e tabave gaaric mapai 1l at e
filter, wherein t i's properly installed on a portion of the space
or room ankavp&: 'par®fi culate filter is arranged on the upstream side of the

space or ropyrARg fthtdWSé?BJcWﬂ@tiﬁamgalnde: afasét tlalli Lagrer \serasbyt ¢ Hee space
or oo 3 ELedne L Elr bl LA LEeRE LOF! ELgab NS" e i
said f1rst inorganic material layer so as to be flxed to
the surface of the second inorganic material. In this
method, any one of the inorganic substances classified
into the group (I) is preferably included in either the
first inorganic material layer or the second one.
According to this method, the filter may be
constituted only with the material which desorbs none of
gaseous organic impurities. Also, except the case that
' permanganate is used, the filter may be constituted
substantially only with incombustible material.
According to the invention, there is provided a high
efficiency air cleaning apparatus for keeping a specific
space or room at a level of required cleanliness, which
includes an air circulation path, the filter as described
in the above, and a particulate filter, wherein the filter
is properly installed on a portion of the space or room,
and the particulate filter is arranged on the upstream
side of the space or room and on the downstream side of
said filter, whereby the space or room is cleaned by
circulatiﬁg the air therein through the air circulation
path. According to this high efficiency air cleaning
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described in claim?20, the particulate with a size of subm cron order,
gaseous ,aciATNKARO0B/SE, and gaseous basic inpurities, and al 23/89

' gaseoUs organic inpurities, if any, which are contained in the air
circulating through the space or room can be adsorbed and renoved, thereby
enabling the surface of the substrate handled in the space or roomto be

‘prevented f cqont ani tiS. AS: t ab ) . rt.her , any
Conbust | bi AOTATEBHs 93 AT FR A LR A0 2 NS par L lHIEWINIE, | 2
not used iret$izehofhsabmicirarcyordercl gasieoy saprardt spurdd itelsat arthk

apparatus g, £¥6k! ephshcomin A tester pREVEAILEN ghaRERY NoxGfand W
except the Tase that perrmanganate 1s _used. Therefore, . the above-nentioned
filter and imRupAtdiesul add faP¥er WRjche aBeel§oRhaiARdediBN the @&iTing

portion of diecePags nd the@lgBrhef sPase bRt ®omOfc 4R dadd¥iSed and Fi 9. 1
Is a diagramfor gxpl I ni the Lﬁalpontlte m ner al , %he m crocrystal of

whi ch has si@hoRedoutiibeXgRyicenrllamg he spadase it shbfsSabsditat basic
properties hdndtedhdnotties spaee arsaldahmatodbrr ppayiérsed fromFisucR is an
enl arged view of an_inorganic t.erial layer in which a single |layer or

st acked sev%?%?awéygﬂs%ﬁ%§h%e£?é§&ﬁ#iq€3“$heral havi ng the doubl e
structure are arrRangehlermorandomngr ogwolihet i hdegamed eiieder uehi cas at e,

wi t hout ov ' R ot; ; | G hh oL i ded
view of a ﬁ+?£?h§%g\g$h?r£§%§agl ’atﬁ%g{n‘sg&h[?éln{é g‘flb&feﬁisﬁeéﬁt]?g%? fneﬁ?PiFél)g. 4
is a partl|yhbghargfebietencdnagivi el @3ningj |apparadusdi n§oanthabr ddne c

material | aygpatBatus SikordRdey ehitxi BgomhetRAWIgE sk tlte braivRantide
mneral to the honeyconb, styucture of tgg filter, u3|ngFan I norgani ¢
bi nder ; St%’f‘gPOBI‘itsoafﬁ’a]r‘i‘l’ye’éﬁFHFgé es&@S ridha bi RGr BRARE AN k1S

including pesééts fThedetforidie shef arleové-nba tHamydofld Isteichtide et he
filter, thepgxelcli%%lt%ecien%iflotrenxe(;nay be safely installed on the ceiling
' portion of the space or roonmn.
Brief Description of the Drawings _

Fig. 1 is a diagram for explaining the fraipontite
mineral, the microcrystal of which has such a double
structure that one side of it shows a solid basic
properties while the other shows a solid acid properties;

Fig. 2 is an enlarged view of an inorganic material
layer in which a single layer or stacked several layers
of the fraipontite mineral having the double structure are
arranged in random around the inorganic Dbinder
particulate, without overlapping with each other:;

Fig{ 3 is a schematic exploded view of a filter
according to an embodiment of the invention;

Fig. 4 is a partly enlarged sectional view of a
filter including an inorganic material layer that is
formed by fixing the powder of the fraipontite mineral to
the honeycomb structure of the filter, using an inorganic
binder; _

Fig. b is a partly enlarged sectional view of a
filter including pellets fixed to the surface of the
honeycomb structure of the filter, the pellet being formed
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the powder of the fraipontite mneral, using an inorganic substange as a
binder;. FTNK980Q3/SG a sectional enlarged view of an inorganic 4488 al

| ayer that is formed by fixing the powder of the fraipontite mneral to the
surface of a supporter, using an inorganic substance as a binder; Fi g.
7 is transverse and |ongitudinal sectional views of a cylinder type air

filter ha%p@ﬁfg&?iemgg | fBasac a8 tHecTE i fohbedeumibgpe | ot

pelletized raipontite mn s a
partly enl asded saettmﬁagawlmwb%tanp@euasl fel i dgra honeyconb structure

formed by alternpggl y65’i§ci§'é‘&cﬁlBhlérlabhtbércge&Wié‘ﬂ%?%rﬁﬁ%ﬁg@ﬁﬁ!ct hin
flat sheets, a first inorganic yateri al %eé ﬁ fornﬁd bé ﬁlng t he
powder of BR&emidbdRYeE TRHELS Q)“Pﬁ@g ]a’&éngft ReP ABAEYCBhb
structure, frlaalmﬁﬁtermmamhq bﬁndhre, sand ak & ecord siupy@até £, nas énigal

t he inorg

| ayer that is .formed ﬁ §IE% nlc adsorptlve powder to the
surface of 2fhd FATEFNT FoFYRTit@ Heg e? f aP I&%&' Fig. 9is a partly

enl ar ged sectlonEth|GMIm% atnwmabexsbayﬁmdldchuﬂ!h@dlhalf|S$¢taQUa§econd

I nor gani c y eqd s al view
of afilte ﬁH é ? (%r%élydceornbltgpruc?%?eafm%te hgél}}r%%eqofg%lbg% t he
powder of EM&HWéﬂp@ﬁilt@aﬁinErawhanh the pbiibe dof urnnGhhbseD okil €4 Sand/ or

per manganah,g 13, § ié‘&dfr'dﬁ' %@%W@égaelfc tt}ié‘deaiﬁofn%r’a@ﬂniﬁ‘@fﬁqm c
material | ayer; IS a gart enl ar ged sect|033 Vi ew

i norgani c naterlﬁﬂglaﬁﬁrlﬁmﬁ part Mnﬁﬁkﬁr$?9|§@QWkP%% alek ¢ e

frai pontitejmyesal 1ﬁaﬁuﬁfi@lgoovwlerh@ﬁeww%ﬁﬁabdar@d/ﬂnr@@drrarbganat e
to the surf ce of 12 is

t
L partl s eriagaie CelyTEPAERT nand o Puf 1 BT R T F1 G R shegaspie
StruCture,ﬂhﬂhfﬂméﬁcsheétwhlehfu&éﬁ>«nbrgah1peMwﬂerﬁaﬂnbdyby_phhhet|2|ng

a mxture qfs tfr(])?mpeo eyr f(ifxitnhge tfhreaip%Wéxt eofmtr?leer ?lraaﬂfjoﬁpfte mineral
to the surface of the honeycomb structure, using an
inorganic binder, and a second inorganic material layer
that is formed by fixing the inorganic adsorptive powder
to the surface of the first inorganic material layer;

Fig. 9 is a partly enlarged sectional view of a
complex layer including the first and second inorganic
material layers;

Fig.10 is a partly enlarged sectional view of a
filter including a honeycomb structure, to the surface of
which the powder of the fraipontite mineral and the powder
of manganese oxide and/or permanganate are fixed, using
an inorganic binder to form an inorganic material layer;

Fig. 11 is a partly enlarged sectional view of an
inorganic material layer that is formed by fixing the
powder of the fraipontite mineral and the powder of
manganese oxide and/or permanganate to the surface of a
supporter, using an inorganic binder:;

Fig. 12 is a partly enlarged sectional view of a
filter including a honeycomb structure, the surface of
which is fixed with pellets formed by pelletizing a
mixture of the powder of the fraipontite mineral and the



"FTNKS8003/ SG 25/ 89 powder of
manganese oxi de and/or pernmanganate, using an inorganic binder; I g.
13 is tranFINKO80MR/SCongi t udi nal sectional views of a cylinder t%@@salr
filter having a double cylindrical casing which is filled up with pellets
pelletized fromthe powder of the fraipontite mneral and the powder of
manganese oxi de and/or pernanganate; Fig. 14 is a partly enlarged

sectional yi,oWof &?fdéﬁgé E%|B§HW%E% Lf8¥ @gyﬁéeﬁﬁﬁﬁg tﬁ? iTEgat sheet s,

al ternatel y stacki of corr n
a first |nomymﬁ&ﬂh91blndﬁrbayer that is forned by fixing the powder of t he

fraipontite nnepal tqg hPsS‘ﬂgf%%evé)fséhﬁn'aorled’rP ﬂ’eua‘ahlaqt LHeeat%hﬁQ an
i norgani ¢ bi nder, and a sgcon

I nor gani ¢, mat er med by
- fixing thevyé@\ﬂcﬁero f arafdy ﬁé’éise’bxitéfé’ean%ﬂﬁr %ﬂgr%ﬂﬁg Je“féof"t héoggiPace of
the first bwyﬂﬁﬁwﬁcﬂﬁieéﬁ@inhaYﬁhchSIﬂg aﬂllm@ﬂga@pc wipberpelletsFig. 15
a partly enli ged se ﬁonal Vi ew o éﬁ) er onS|st|n qf flrst and
second i noP§ami&t g iLen themowden, ;%”??rt éﬁf’l Bhnera aﬁ‘lg 16
is a schemwha:%fwmerraflmmdgzn@salakﬂumgamdﬂgh pétmanganatwr cl eani ng
apparat us accor t e | 7 is a
schematic ill ust Fé%l ogl‘?of’sng %{ ;Q%#e@/f{%#g%g{}aél r C(Tlvga?]%ng
appar at us ddddredt nginoladdmiger &nbbdnnvMpéL theriupgome oformed piyg. 18
's a graph'aqaéefﬂé’f’ﬁi?aétQEk?B%%’}Q][ﬁPEI‘E%t 8¢tcé: Pﬂhgafi@%ﬁem@ﬁahfae

passage of i con waf er havin i con dj oxi de
surface whémin ﬁkﬁ%xﬁbgéastoafédﬁﬂ&rk&obgaéﬂéaﬁaﬁﬁﬁﬁ%ﬁ PREr 883t o

the first gndreee b3t FaSAhEE et%lé)wiﬂiéle&ﬂeqtﬂé/@rxaifpdﬁeied ®¥nbwal
di fferent Kkinds, of conpgr0|al vaﬁed char goal fllters the third being

filtered by% EREmTYWITRFPr £E u§ B8R e LA g8 tUSUT Snd USH§ 0@ h
being filtédmskdyndcfbihdergcaardlingdeotieihoygamnionmateriaki yayd¥ is a

graphicaligﬂé§t{at 89m%%mﬁgm¥1x1ng the powder of manganese oxide
and/or permanganate to the surface of the first inorganic
material layer, using an inorganic binder:;

_ Fig. 15 apartly enlarged sectional view of a complex
layer consisting of first and second inorganic material
layers according to the invention:;

Fig. 16 is a schematic illustration for explaining
a high efficiency air cleaning apparatus according to an
embodiment of the invention;

Fig. 17 is a schematic illustration for explaining
a high efficiency air cleaning apparatus according to
another embodiment of the invention:

Fig. 18 is a graphical illustration showing the
contact angle change with the passage of time with regard
to a silicon wafer having a silicon dioxide surface when
it is exposed to four kinds of clean room atmospheres i. e.
the first and second atmospheres being respectively
filtered by two different kinds of commercial activated
charcoal filters, the third being filtered by a chemical
filter using ion exchange fiber, and the fourth being

filtered by a filter according to the invention:

Fig. 19 is a graphical illustration showing a
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bet ween the contact angle neasured by a nethod of dropping ultra pure water
dropl et Lan&‘TNK%QBSA‘Eg cont ani nation by organi c substances neasuZ8®by the
X- ray photo el ectron spectroscopy (XPS), with regard to the gl ass
substrate exposed to the clean room at nosphere; Fig. 20 is a
"structural viewin section of an inorganic nmaterial |ayer according to the

orodient 6o BEBRYFOLL BN the 5 OhfacPhd 18 SUALELUAL L G boct o

of an inorgani'c nateri ayer accor

i nvention; of drppgpimm ubtzaparupecwiaten i droofl ed nvadl tdre f pgd aom
second | norGaft enTRRSI0H HAYSE 82 RICA SUYLKANEBL @b $CBY @RONL e
sanme according to the enbodi ment C of the i % tion;, Fig, 23 .is a
struct ural Iiﬁlé\D}H?tQier]sqc%?ins%&%ﬁﬁrPﬁ(w@d/n%{ emidih ragasd itp 4b& i on
according tgldde subedirdy dxpbselde tiovid i ®Dean rodn Gatmdsphede;
structural view .flrﬁheand second |qﬁb%§flc.natetlal Ia¥ers I n,section
according to the ‘frodfient S Edf SERYC i §i.e¥ in sectign HOf an
structural Mmergahitinateaddlsdéagrd arerogahi g ned ahieale mbaykiment Seck i on

according t h i nent F of the invention; Fig. 26 is a circuit
bl ock diagré%éfgpsg§§§3$ﬁng the protection efficiency against a hydrogen
chloride gas and Fjegseodd bbsi @ cetpagrtdsral view gin27seetanncomparat i ve
graphi cal "i34 55k A bORa 1R PEYEICh D4 DR Llnlidd Bion K BOE Y
agai nst a hydrogen chl ori de gas and gaseous boric conpounds; 1g. 28
is a conpardhé venyeagtiodal illustration indicating the change with the

passage of tine iid regaid hoplhapgu ot £6bi 99 el fdfiLNEydaYabHSt isyf urous
acid gas ngf &%ﬁof he filter accordin %; t he i nyention, when varying a
mixing ratidng § T30 na RN Lo ik O of A1 LABERE 1300 @ ASFHC WP L Ha Tonder

of manganesin dsextdlen of the same according to the embodiment C of
the invention: '

_ Fig. 23 is a structural view of first and second
inorganic material layers in section according to the
embodiment D of the invention;

Fig. 24 is a structural view of first and second
inorganic material layers in section according to the
embodiment E of the invention;

Fig. 25 is a structural view of first and second
inorganic material layers in section according to the
embodiment F of the invention;

Fig. 26 is a circuit block diagram for measuring the
protection efficiency against a hydrogen chloride gas and
gaseous boric compounds:; _

Fig. 27 is an comparative graphical illustration of
the protection efficiency of filters X and Y against a
hydrogen chloride gas and gaseous boric compounds:;

Fig. 28 is a comparative graphical illustration
‘indicating the change with the passage of time with regard
to the protection efficiency against sulfurous acid gas
.50, of the filter according to the invention, when varying
a mixing ratio (weight) of the powder of fraipontite
mineral and the powder of manganese dioxide;
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IS a conparative raghical Il lustration showing the change with the
_.passage. of FINIK9IPA3SGegard to the protection efficiency against 3UBBurous
acid~gas S err] of the filter according to the invention and sone ot her
ordinary chemcal filters; Fig. 30is a conparative graphical
illustration showi ng the change wth the passage of tine with regard to the

f“)t ection efficﬁ‘?g?y Fgagust, hx%g%%&ﬂ rig?%ﬁﬁfc%%’ ti*i_elJéHff:iéﬁcordi ng
o the invention afd some ot her “ordinary chemic iTters;. I'g. 311is
a conpar at shewdmebhi the ¢hanger wiitdn thedbestsage tak tchemgel Whthegagdpassage
of time W tp kEGARH Jk LR QELALITN S T £hPREY 303imHodly dogNg Yl i de
gas by the filter according to the invention_and sqnme other ordinary
chemical fpPPpedfisthe filgieg agpordingdmans: iveegtdnn aad ﬁPP‘Gs‘?FgFFon
sP?mﬁng tb@dqbﬁﬂ%ﬁ Mhéﬁibﬁg gﬁgp@gggoz tine}g&;h regard tg t he prp}Fctipg
ef ficiency agai nst gasgous boric aci err ry and Jboron tcifluoride
gas (BF[err]) ofﬁﬂﬁeféﬁnéﬁ é%cﬁP&Hﬁfagiwetﬁgaﬁh&%%%idﬂ}uéﬁﬂa£§8ﬁe ot her
ordi nary cbﬁﬂwﬁﬂgfi&éeﬁbanggeﬁéﬁmedhﬁﬂgwssﬁgbfodftﬁM@Iw%mhﬂf@gard The
i nventi on now. be ri be of _ex s refe .

onbodi mont £01 FH PSP ERIRE R s LPE e R sZ 4R Foh BRE o A ES hidgy g

In the fol gawi hy tdes driilpté 0R,c ddied i eg i d itihteei nvepridsemaa dasbmiet etheéor use

in rennvalogki ughgggggﬂjfﬁyfgrgpe air. On one hand, a filter for use
I n renmoval of "alrborne dusts and particles in the air_w |l be expressed in

terms of "particBige 31|1dér.2 comparmigive g aphitehntild wsprotéanvi ew of

the filteri}daGGofth At cithd SWEYH Ahe phSsHPORSL thRel Withrrdghag a
honeyconb strﬁﬁture i rter of adsorbents), 12 that l%éforned by

€., suppar,
stacking at@ bREIPTYtECction § tlecdl%rh@étasg%naﬁd&mgﬁpa%u &€s838 in an
al ternat e bashihan.f it eneabaodd ifmganio nEdet svébaiokblind Somd 56t hede of

ordinary chemical filters;

Fig. 32 is a comparative graphical illustration
showing the change with the passage of time with regard
to the protection efficiency against gaseous boric acid
(H;B0,) and boron trifluoride gas (BF,) of the filter
according to the invention, and some other ordinary
chemical filters. '
Preferred Embodiments of the Invention

| The invention will now be described by way of
examples and preferred embodiments in the following with

" reference to the accompanying drawings. In the following
description, the term "filter” represents a filter for use
in removal of gaseous impurities in the air. On one hand,
a filter for use in removal of airborne dusts and particles
in the air will be expressed in terms of “particulate
filter.” - |

Fig. 3 is a schematic exploded view of the filter
1 according to the invention. As shown, the filter 1 has
a honeycomb structure (i.e. supporter of adsorbents) 12
that is formed by Stacking a plurality of corrugated
sheets 10 and thin flat sheets 11 in an alternate fashion.
On one hand, frame members 15a, 15b, 15c¢, 15d made of
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assenbled into a box |like external frane that opens in the flow direction
of the obj EFINKPBOOZSE: filtered (as shown by arrows 13).

honeyconb structure 12 is then put into this external franme such that
corrugated sheets 10 and thin flat sheets 11 are arranged roughly in
parallel with the flow of the object air to be filtered. The outer shape

and. L mensp bt 5:1d biSloh 1B i SLPbLCL L k¥ deebongd pafectphbe space

avallable
honeyconb Qpremcﬂ ui® ltzherrale@m i bhupey ikaveodndhe ohdecdl | @ikng a ahers.

That is: 1t dedAng $0r 9REY ng?erhﬁgolw%yerlg)hat 'Sl‘}féj”fﬁﬂn@?: cbhyi ng the

powder of the frai pontite m neral entire surface of conb
structure SETUsivge difelpobiien it dﬁlh%h@wétga@ﬁ%ﬁéé%sa% hga}

Eﬁ]tA_n I pob@agﬂtpgé?éWﬁé@t’@rlOrﬁiﬂ&'dﬁ}ﬂﬂnaﬂ?f Séhé@?é?m“a?réméﬁfaﬁléeﬁayer

at is forne i Xi n rai.pont i o the

entire surf&ds %’HﬁbIﬁgﬁ%Cﬁ%ﬁbwkfﬁuggﬁrgffﬂ OESFH ﬁéeﬁgmﬂ %P hﬁ

ino][ganigI flili?f_cmcb_ asThebounder, sdnracb@ambdldnem@iganof tIHEEflhltelra%ler th?t
ornme b Xi ng .t r .an | noyga subst e to ace o

{ae first Rﬁ r&ﬁﬂ%&%ﬁf@gfgﬁ$lgégﬁgne§ td @%8ﬁn%F% 33 mtzcﬁ%g}gﬂ Syer

i ncl udi ng &ofti r $nsitradrigard ¢ theteso £l | ail‘ére t bat iire f eumdaddey Oifxi hhet he

powder of ARJRSRE! § tIURIHANC150 wdYe EBERBEATUY Aky BT oblae. o FOBRYCOMD

structure seco I norgani ¢ material ‘|l ayer that |s formed by
fixing thefﬁ&&kﬁlws 1ﬁ§e¢ﬁm|mﬂh$telﬁ1neral to the surface of the first

'bnoagam c materi @1]' Wrbnd@éﬁﬂlhhﬁaﬂ@mlofa?@r' reqara&am§ BobRbangg as a
I hder

pe er.that s forned |lets,to the
entire surfdcdd WNEDRIASH BYoTR ke LPanEs La RahsdIAlet bR FELREG. by
pel | eti zi ngutrfa pOVEILT t b hbﬁefyrc@lnﬂﬁrﬁtlt@cﬁUBGF aR, wsing ttice ppowderof an

i norgani c s%bstance as_a. blndq)
0T "an Inmorganic su

stance as a binder;

[2] An inorganic double layer including a first
inorganic material layer that is formed by fixing the
powder of the fraipontite mineral to the entire surface
of the honeycomb structure 12, using the powder of an
inorganic substance as a binder, and a second inorganic
material layer that is formed by fixing the powder of an
inorganic substance to the surface of the first inorganic
material lavyer; _

[3] An inorganic double layer including a first
inorganic material layer that is formed by fixing the
powder of an inorganic substance to the entire surface of
the honeycomb structure 12, and a second inorganic
material layer that is formed by fixing the powder of the
fraipontite mineral to the surface of the first inorganic
material layer, using the powder of an inorganic substance
as a binder;

[4] A pellet layer that is formed by fixing pellets
to the entire surface of the honeycomb structure 12, the
pellet being formed by pelletizing the powder of the
fraipontite mineral, using the powder of an inorganic
substance as a binder;
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pellet layer that is formed by fixing pellets to the entire surface of the
honeycopb FIINK98003/S5 t he pell et being formed by pelletizing t heY88wder
“of the fraipontite mneral, using the powder of an inorganic substance as a
bi nder, and then coating its surface with the powder of an inorganic

subst ance; [6] A pellet layer that is forned by fixing pellets to the

entire surface of aggr ho??éﬁoqﬁgftlg#%ta%qsl%ofﬂjeed pore%t %tl ni Pé'ﬁ%d by

pel l etizing the i C substance |ts
sur f acewi t hiche heowaheri 1oé Sﬁmfacalpﬁntheehnnﬁ§m&Mblﬁﬁﬁﬁﬁthéepbadeﬁ &f an
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t he hO“eyC%mféa{fﬂ&éUé@ é%lﬂabﬁg hha mﬁ\édlerco@fua{glmmﬁaaubwﬁame as a
bi nder An 1 ngrganic | e aXﬁﬁslncludlng a first inorganic
mat eri al Ié¢@'Rqﬁﬁersoﬁoﬁﬂxf¥ﬂm$ﬁkﬂﬁgSt B of the fraipontite

mneral to the efg]r@ perflace 1@‘ydﬂ‘l€tﬂwﬂeiy$(ﬂ‘drméddtyuﬁmiﬂg pelhg tishe
powder of an inorgani ¢ substance a er ik,ngnga

mat eri al Iﬂ n#%??cﬁﬂﬁgaﬁﬁ Pix eﬁ&“ﬂgbq%iPﬁgﬁganegg a%g%br
per nanganat;fe It]Oet h® esiind ade rafe d hhyf |pe;113m0|zgalrg cthat evowmfierayef | agsi ng
t he powder .of an_ | nQr st ni c
doubl e Iayé'nqlﬁ%?uag S0k ?aﬁlé% Qﬂﬁetl?énacc%f‘fiﬁ% ts, surﬂzﬁ&e%ﬂﬁ‘@h&a

I'ng-a rrrst’i norgani c I's formed by
fixing the power of vmq’amlsmomimé mhnﬁé‘ralpeﬂlrﬁe}ﬁ%ﬁ e PoF deie h@ e

surface oftgg}%QH Xcgqgéﬁgﬁ@éugg 32} iysid; t he powder of an |norgan|c
substance as a and a second i nor aﬂ ﬁ mat er i.al et that, iis formed
belela sh¥f£8

by fixing the po Aofi RATERARiSoMa Loy Voo it Lmgd the first
i nor gani ¢ n@f:?{hg(l |r@13’1?€urle'5¢ﬂ9tﬁé'lq:m\§|ﬁroﬁftlﬁ@ fof ganitd teuhinared as a

bi nder; and pogger of mggéa%%%%l&iﬁ rrﬂxhpgrf'xfﬁgnﬁg é%é;to
the entire surface of the honeycomb structure 12, using’
the powder of an inorganic substance as a binder;

[8] An inorganic double layer including a first
inorganic material layer that is formed by fixing the
powder of the fraipontite mineral to the entire surface
of the honeyéomb structure 12, using the powder of an
inorganic substance as a binder, and a second inorganic
material layer that is formed by fixing the powder of
manganese and/or permanganate to the surface of the first
inorganic material layer, using the powder of an inorganic
substance as a binder;

[9] An inorganic double layer including a first
inorganic material layer that is formed by fixing the
powder of manganese oxide and/or permanganate to the
entire surface of the honeycomb structure 12, using the
powder of an inorganic substance as a'binder, and a second
inorganic material layer that is formed by fixing the
powder of the fraipontite mineral to the surface of the
first inorganic material layer, using the powder of an
inorganic substance as a binder;

[10] A pellet layer that is formed by fixing pellets
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entire surface of the honeyconb structure 12, the pellet being forned by
_pel | etizi nd"ENKOR008M8Gf the powder of the fraipontite mineral and0f8%
powder of manganese oxi de and/or pernmanganate, wusing the powder of
an inorgani c substance as a binder; [11] A pellet layer that is
formed by fixing pellets to the entire surface of the honeyconb structure

12, the peldeetheld)o, {00 ey by cBChirethal B9 G ydstr o hbe 1030 RaRtite
m neral, using the powdér™ of “an i norgani ¢ Substance as a binder, and then
coating t heoeluké tides g ther ped (et peiltle thei nsvaiav xdrunanfatbseroxded and/ or

per manganat.s fl?é nﬁrraE‘ﬁoF?ﬁV!d@é ﬂin@?ailn%ﬁﬂﬁnﬂ?eSPB%‘H%’ICQ)iaSma‘*n hRdare or -
[12] A pellet layer that 1s forned by fixing, pel e%s to tqe en Ere surface
of the hondkih® BR&LeTrePeZMaNgRnA e et BRIAG f bPRedPBY IS | & zid%g t he

powder of Wﬁﬂﬂ@%@ﬁ@cO§W$%téﬂE%Oﬁs aebiapsnate, using the powder of
an inorganic su s aslﬁ biﬁder, ﬁgq then coathnﬂ Fﬁe surfac;ao% t he
pellet with the m Be lilied fRgigfohtiate 15i haFALd 0¥ hi*LA8 BERA&ELSof an
igor gani c Eﬂ&sﬂ}w%aﬁriﬁ bﬁmﬂam].ce of theMaogayeseEn lmxsitieacaargezéa,i thtehe
above ma e {he, one .sel egt rom _tris- S e i,.de
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di oxi de (MEF@ipphtised mpinenadanatsing phef gr epfhen M eorgRmdcer ]
(Merr]: al ég%&%‘éfé Mﬁé},(%%r}{da ddid M surdt &b e tgar th

netal). e g er of 1norganitc stance used as a blndgr may be
pref er abl y nel bet edWamb pridigar @PY¥dem t 0é gmangadre &l c0xkasl i AN/ 0T al |

bentonite, giphonpaaktl, Hdire t1d Yower BXidH Gnd¥gakiki SabsadRdice
alumna, alumnym silicate, activated alum na, porous glass, hydrated
magnesi um 4§ i 2aP&ndedy Mheral having a crystal structure of the ribbon

type, activated dlly] Aapeldat Vatyed hérdtorist Eorwdd by gék immyphd lesesd on

Deel o Sy o FL B8P SN LS Oy BB, By
pellet being formed by pelletizing the powder of manganese
oxide and/or permanganate, using the powder of an
inorganic substance as a binder, and then coating the
surface of the pellet with the powder of the fraipontite
mineral, using the powder of an inorganic substance as a
binder.

Manganese oxides as used in the above may be the one
selected from tri-manganese tetraoxide (Mn;0,), di-
manganese trioxide (Mn,0,), and manganese dioxide (MnO,),
and permanganate is preferably either M*Mn0O, (M': alkali
metal) or M!*(MnO,), (M'': alkaline earth metal). The
powder of inorganic substance used as a binder may be
preferably selected and prepared from the group of talc,
kaolin mineral, bentonite, diatom earth, silica, alumina,
mixture of silica and alumina, aluminum silicate,
activated alumina, porous glass, hydrated magnesium
silicate clay mineral having a crystal structure of the
ribbon type, activated clay, and activated bentonite.
Silica gel may be used on behalf of silica. Alumina gel
may be used in place of alumina. Similarly, the mixture
of silica and alumina may be replaced by the mixed gel of
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and alum na gel. The powder of the above- nentioned inorganic substance
_used as.a Fﬂg\fﬁ9$003/§ eferred to as "inorganic binder" hereinaft8}t89

Now, *an exanple of a nethod for manufacturing the filter 1 will be
explained in the followwng. At first, three materials i.e. the inorganic
fiber (ceramc fiber, glass fiber, silica fiber, alumna fiber),

organi ¢ mat.eni: (o, xt and +f use | » akd cl Llicate
are m xed \%\ngtlﬁq_:leaac%éjétﬁér% g‘{hglhl%\g?g%%lr'at i ghgf ri’Blgﬁl}mlr a?rhggl,aé aéyg}l_ of thin
paper - | i kemeinlttion eddiinengenipnavsubsianieckissd ofso. a3nbindefor méd of the

above m Xt Yie§ i o I8 GSaSOﬁﬁ%d¥§ani¥pBimﬁﬂ¥” h &BKI Ag £ t88d.hod. In

preparation of the above m xture, calciumsilicate nay be rep|aced, by cl ay
m neral having aNPWbr@&sQ%Q%?LP §fr@cﬂ&ﬁﬁoéOEOFnEFHHé@%iﬁﬁbmgtEhe

pal ygor ski frq,] teachl of i Whiké erplludes deianeshanf6llogding.as at mpips¢pnponent
t her eof . g e filter nEdLa sheet hs t hen proce%sEp b% a corrugﬁthn? machi ne
and transf ¢ DAL 207 rbight eb"Fi 1 REF 8RRJiC TIPS \EP T I Lt BFF ey of
corrugat edgflidstser frishkim, shekl 5c40 fibbetrhi nafllvaki ifd | tferb emedj a shgahdcll are
al t er nat el t acke . mut . f] ' . S | e hesj t hereb
a honeycorr%""‘sstte cqﬁr@ﬁgpgﬁfn‘gyﬁo'*mcﬁﬁ;‘g%s#o% ﬁnfﬁéaps.aﬁﬁeg%%égi}gonb g
structure sdliixatenareenisedoyitdntedoh abbar edeahaeright anatiecofic
furnace cogtirjolf.ed §Roheep b CERCERTH Fa fbralwe #09keh ned W Lhobhi s heat

treatment, ~al'l_t'he orgahi c conponents contained in ter media are
renoved awdygVimghiasthdedng s 90 oPgamm isofipsaest efchbgeabove mixture

al i m t1 esspynbai@ifd NWIOr @S Gle tf €GeS pp@r MdRMng ZRetBo@me 0odhp over
the entire surface of th oneyconb siructure 1 ‘bei

, .thus.it, ng nmade .
o | REHDTRALOR O o AP QLS MAAENEE ceaLril Rd 0GRt L RN BE of the
adsor bent anrgdltdeed ndbganéTabhi ndénetra Ir edtavtingg eien Ifatterousn ¢hesnedt, the

poroue. MOnSHSSI Fhe VoL A B TTEBRBL (Y A PTIRER TR BR B0 0
bi nder arewdiisger $pdludAfs emaghesiumhesilicate as a main component
thereof. The filter media sheet is then processed by a
corrugating machine 'and transformed into a corrugated
filter media sheet 10. A plurality of corrugated filter
media sheets 10 and thin flat filter media sheets 11 are
alternately stacked up and mutually fixed with a suitable
adhesive; thereby a honeycomb structure 12 being formed
as shown in-Fig. 3. The honeycomb structure 12 is then
treated by heat for about one hour in an electric furnace
controlled to keep a temperature of about 400°C. With
this heat treatment, all the organic components contained
in the filter media are removed away. This removal of
organic components causes a limitless number of tiny pores
or recesses of a micron size to come.out over the entire
surface of the hoheycomb structure 12, thus it being made
porous. These pores will serve as receptacles allowing
particulates of the adsorbent and the inorganic binder to
rest therein later. In the next, the porous honeycomb
structure 12 is immersed, for a several minutes, into a
suspension in which the powder of the fraipontite mineral
and the inorganic binder are dispersed. After this, the
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structure ' ' t hr ough anot her heat treatment at a tenperat ure of
.about SOO[é&ﬁ@gMSégout one hour. In this way, as shown in Fi 932@9 t here
is fi'nished the filter 1, which includes an inorganic nmaterial |ayer 20
formed on each surface of both corrugated and flat filter nedia sheets 10

and 11. The above-nenti oned suspensi on may include an inorgani c adhesion
assisting. ﬁgﬁ@tchnFJ h@%ﬂx%%@tllzeafé H’}fie‘?f Fﬁ%‘d@hs'éhﬁ%%w Sﬁééﬁia and
alumna. Silica s ac e of whi | may be

used in
used on beﬁﬁpﬁhﬁeQﬂngn% tqHBGWQﬁ%ﬁﬁn% aﬁh@ﬁtoﬁ 9§§|§Mﬁu?hﬂﬁ¢n°bﬁays a
role of fihghy.fixXimgHie my»deers Fhéwe fa @it t eHererid fangdi §hed

to t f.the h nb st, t | ud
R Yo IO T o S RIS T I UG I
(Lhe sane 20tﬂurfedlomlﬁ@dhffihfagdtdf Hoahlwdﬁﬁﬂ@dted gl WByaki ke the
above neit hen c any, infla e rial ~as itg constituent nor
desor bs ?gltﬁg gg@u gh%?éﬁnrgﬁi55Ufagﬁes ﬁgﬁPfggﬂr%ﬁ%?gﬂ1natlon
of the prpduememxmnnwntheyc&uﬂmomplénebgwmrmwmdhamaynfmmﬁf&nengals
constitut | ageblie Tbters firdige! b aboyesrRid oped wﬁ)uwsﬁtl{afe@ate, Thus,

the filter never deso aseous organic_inpurities
the next, &Addisdr rAthorl umnﬁanﬁfldcltqmmltmvfbpt @rse viit 10 bec expfai ned

in the fol kwiRg whilk taqufxﬂrrf@tsloqnm%fy bleuhepeys Ph 81 £ust tarlql&@naal | the
nanufacturkﬁg steps are |d§ tical to those which are descri bed e
1

above. The HcS’cPrtgl%ﬁlFs e 4 %%Sé§f5llé13nélﬁe‘il§ BhaF&ceri% ?J P t hat
pel l ets fofieelyy ﬂl&ii@ﬁlihégpbhdeﬂowilert}pé ﬁf@lf)bﬁftﬁ(tret intien gt HEr @hdar e
fixed to th entire surfa é hog conb truct ﬁ u3| an
adhesi ve. ﬁﬁ c %r%'fmﬂ)gll Rofh %t%e Eé c?hé’ 5 Bork’tqr{ P ABPal |
there is fsthqﬂmmmrhma(nngﬂudanﬁntﬂacnms1dhssu&ﬂdu£[nﬁukwcwilthe
fraipontitg, megﬁfn%ln’t 3t m%rm'eg{éod@@e% PLORT 20¢RRAL! LYn@' 1HOLRE aNd

an |norgan|c a ion assistin neadlng
1lowing)). The f11te1'1 as f1n1shed in the way like the

above neither includes any inflammable material as its
constituent, nor desorbs any of gaseoué organic
impurities causing surface contamination of the product,
because they are completely removed away from materials
constituting the filter during the above-mentioned heat
treatment. Thus, the filter 1 never desorbs gaseous
organic impurities by itself.

In the next, another method for manufacturing the
filter 1 will be explained in the following. Up to
formation of +the honeycomb structure 12, all the
manufacturing steps are identical to those which are
described in the above. The method that is going to be
explained, is-characterized in that pellets formed by
pelletizing the powder of the fraipontite mineral are
fixed to the entire surface of the honeycomb structure 12,
using an adhesive. 1In case of pelletizing the powder of
the fraipontite mineral, there is first prepared a mixture
which consists of the powder of the fraipontite mineral,
an inorganic binder, a broper quantity of water, and an
inorganic adhesion assisting agent. When kneading this
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Is transforned into a material that has clayey viscosity and | asticity
cand  is FINKEBO@3/SG or pelletization. The sort of the i norganga/%i nder-
and t'he inorgani c adhesi on assi sting agent nay be the sane as used in the
previ ously descri bed net hod. - The pell et having another structure
different fromthe above-nentioned is applicable to the filter 1.
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so as to keepmidermeriaidseani caaveriQdl anyldr ag£55e ohiLdsosbligager than
t he heat-resi tl%ﬁbte erature of the adhesive, f.or absfi hours, thereby
0

conpl et el y 30y MATHY 10§ gaseglus. fEan i gupUT 1t e ¢ bReh® s Cnhi ch
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' 1 as described before.

Fig. 5 is a partly enlarged sectional view of a
filter 1 including the honeycomb structure 12, to the
surface of which there are fixed a number of pellets 21
formed by pelletizing the powder of the fraipontite
mineral, using the inorganic binder. Pellets 21 are
fixed to the entire surface of each of corrugated 10 sheets
and thin flat sheets 11, using an incombustible adhesive.
In this embodiment, the object air to be cleaned is made
to flow through the thin c¢ylindrical space 17 having an
approximately semicircular cross section. The honeycomb
structure 12 now having pellets 21 fixed to the surface
thereof is then treated by heat inanelectric furnace that
is controlled so as to keep a temperature of about 100°C
or less, which 1is 1lower than the héat—resisting
temperature of the adhesive, for about 2 hours, thereby
completely driving out gaseous organic impurity
components which are contained in the adhesive and may
cause the surface contamination. In this way, filter 1
is finished. |

The filter 1 as finished in the above includes
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I nfl ammabl e as its constituents, so that even if it is installed on the
.cei |'i ng, poFINIRIBA0F/BE cl ean room the safety fromthe disaster p34e/\58nt i on
st andpoi nt can be remarkably enhanced conparing to the case of using the
prior art chemcal filter enploying activated charcoal, ion exchange fi ber,
etc. , which are inflamuabl e. The cross section of the individual air
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thereto, thhmelgletabei pgrieabdd pores formed between particulates
of the powder of fraipontite mineral and the inorganic
binder, and reversely flows out therefrom to the outside.
During this process, gaseous acid impurities and gaseous
basic impurities are removed by the particulates of the
fraipontite mineral, while molecules of the:  gaseous
organic impurities are physically adsorbed and removed by
the pore existing on the surface of the inorganic binder,
especially when the inorgani¢ substance belonging to the
above-mentioned group (I) is used as a binder.

In order to remove gaseous acid impurities, gaseous
base impurities, and gaseous organic impurities at one
time, the filter 1 has to be constructed such that the
surface of its honeycomb structure 12 is provided with an
inorganic material layer 20 that is formed by fixing the
powder of the fraipontite mineral thereto, using the
inorganic binder, which preferably includes pores,_the
majority of which falls in the range of the mesopore or
the micropore, or such that the surface of the honeycomb
structure 12 is provided with a pellet layer that is formed
by fixing the pellet 21 thereto, the pellet being formed
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pelletizing the powder of the fraipontite mneral, using the sane inorganic
bi nder as 3¥WN K98083460G Furthermore, the object.of the i nd8M@9 on
can be al so achi eved by a filter 1' of the cylinder type, of which an
exanple is showmn in Fig. 7 including A-A and B-B sectional views of it. As
shown in the figure, a casing 22 of the double cylinder type has a nunber

of vent opqy nge123.an i EhiSifr bl SHASHPRIBRAS Jd |hefeunui Lh the

pellet 21 t I's™ pellet owder of raipontl e m néral ,
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deta|I I n report Sat 0, ent
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use of the pawder of s etic fralipon crocrystal duce by such
met hods as g%b?ﬁ%%d %ﬁ 91IF%%1H§re§g c?k?&alp SS€Rie ?Bﬁﬂﬁg be
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of the casing 22 and the outermost cylinder 24, and finally
flows out therefrom. Arrows 13 in the figure indicates
the flow direction of the object air.

In case of industrially synthesizing microcrystals
of the fraipontite mineral, of which each consists of
Several to several tens unit layers of the fraipontite
mineral having such a double structure as shown in Fig.
1, two kinds of methods are available, one making use of
hydrothermal reaction and the other making use of co-
precipitation. These methods are discussed in detail in
a report by N. Takahashi, M. Tanaka and T. Sato, entitled
“Synthesis of Fraipontite” (The Chemical Society of Japan,
1990, No. 4, pp. 370-375).

The above-mentioned filters 1 and 1’ may be formed
by making use of the powder of synthetic fraipontite
microcrystal produced by such methods as described above.
To be more specifically, the filter 1 may be formed by
first mixing the powder of synthetic fraipontite
microcrystal with the powder of . acid-treated
montmorillonite (activated clay) as an inorganic binder
and then fixing the mixed powder to the entire surface of



"FTNK98003/' SG 36/ 89 t he honeyconb
structure 12. Also, the filter 1 may be forned by first pelletizing the
pell et 21 FANK98Q03B6ve ni xed powder and then fixing the pellet :28/890 t he
entire surface of the honeyconb structure 12. On one hand, if the casing
22 is filled up with the pellet 21, the filter 1' may be conpleted. For

I nstance, the mcrocrystal of the synthetic fraipontite mneral as used in

t he above | es ' I hape, thic S var e
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"Mont mor i | BFTaae ke hprezconb & trumiera. 12. vl mv ARed obfte is

treated bythe dasling P¥ € svgliuTRd Rig ke t1ARIR e ITet MPT e thenki Bfeof 15 to
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about 300n§erPFﬂg,eaﬁ§W ebefe viodhd Astaneera b@ Bit S TooF b2 di Qfret er  of
40 to 600anpzt rsyrsticotts feadeuipyi R€Ymbhetriad tad aisedoia tiod uakove
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sepiolite range of the pore diameter of 15 to 300 angstroms become
about 0.37cc/g and its specific surface area becomes about
300m%/g, and the pore volume in the range of the pore
diameter of 40 to 600angstroms comes to occupy 22% of the
total pore volume. Therefore, if the acid-treated
montmorillonite (activated clay) is used as a binder for
the powder of the fraipontite mineral, the pore of this
binder makes it possible to physically adsorb gaseous
organic impurities that can not be adsorbed by the
fraipontite mineral only.

In Table 1, talc, kaolin mineral and bentonite of
the binder group (II) have a large volume in the range of
the macropore, but have a small inner surface area and
volume in the range of the micropore and mesopore, thus
their physical adsorption function being made naturally
weaker. Similarly, bentnite of the binder group (II) has
a large volume in the range of the macropore, but has a
small inner surface area and volume in the range of the
micropore and mesopore, thus its physical adsorption
function being made naturally weaker. On the other hand,
in the inorganic binder group (I) of Table 1, sepiolite
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hydrated nagnesiumsilicate clay mneral haV|ng a crystal structu f the
_ribbon tprTNKBSOQﬁ/SG he mi cropore of 10 angstrons and the masopé'?/@ of 200
angstronms, and its inner surface area and.volune are so large, thus its
physi cal adsorption function being nmade stronger, naturally. Accordingly,
the | arge physi cal adsorption function may be provided by the powder of
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di at om ear , m X ureo
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nont nori | | @m&%tr‘él&%t i 3atdedt(,sl dypner SRt fReryared B aRg Sfown in
Table 1, t1Ngs&d, “OEISJ@Q' $t8UBRLANGes] haveo# Peipar € und tien dfe Ong2nake or

m)relnthelr pore di aneter nge of 15 030an Str , cific
surface ar 811§ ®Hn] é‘rart]qrgai)f 'm)ré%c‘tf tBérde, quh% ESM %#Y?ﬁé%q

i nor gani c saumdla@f;gsnrreﬂuxb@tpoﬁf enraabl lyeusﬂobxfndeﬂom n‘ghehep@ed:@nd of

I norganic material . ich i e epfiiy | eri al
| ayer i ncl ddihé ?Wec %“éﬁ%&ﬁet%gefl r%dnné) d(’att%%rl:’n(la)radsetr M‘H?n order to

pr epare thd‘aif]édt swkuhchsmlaboueejantht heil bowdeﬁsbﬂ iciheg el di pohupidayi ner al
and the powderyg ge'l:?Of%aﬂl'fxﬁf‘é’eéfhéi'g%aa%n%f G 62 PORExduanet et

t he range & or m'cropore, fixedt he supporter
surface of qfhean]Jthaa gehles @ ntdyo aitis & f &ﬁ)\/\)dae Wi ?ri;(é&a\félet’h city

water to %p},ﬁgw slﬁulmﬁtnlére poHyiSs Clgdd $d m}i@:&u‘@tbd tgpneisdeassed
with the h pel eti zing é?lneto pr oduce et ha
di anet er ofSJOchﬁéeOC @ o1 NE PELDBS A RET S 5 FHEL tﬁ’ Sipjzorter

with a hi ghrismsﬁl aiypbet .adhérebyattieal f mbhemoasi Ehombten Fagt iy aie
formed. In case,

pr et r eat ed @Ya an .%&%ﬁ%?%@cwfgtﬂﬁgggﬁg'{s% eé}m% ﬁleggggée 1| i s
not al ways tieesedindrgahtie suppoaners bave the nmrmvcﬂum@ of 0.2cc/g
or more in their pore diameter range of 15 to 300 angstrons,
or the specific surface area of 100m?/g or more. 0f
course, the powder of these inorganic substances may be
preferably used for forming the second inorganic material
layer which is formed over the first inorganic material
layer including the powder of the fraipontite mineral.
In order to prepare the pellet which is formed of -
the powder of the fraipontite mineral and the powder of
the inorganic binder having an effective pore diameter in
the range of the mesopore or micropore, and is to be fixed
to the supporter surface of the filter, these two kinds
of powder are first mixed with city water to make aclayish
mixture. This clayish mixture is then processed with the
help of a pelletizing machine to produce the pellet having
Ha'diameter of 0.3 to 0.8mm. The pellet is then blown
against the supporter with a high speed air jet, thereby
the filter as shown in Fig. 5 being formed. In this case,
the surface of the supporter is preferably pretreated with
an incombustible inorganic adhesive. In this case, it is
not always needed that the supporter is in the form of the
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structure. have such a three- dinensional nmesh structure
.such as. roéﬁm%5@B003 ¥s mesh structure may show a high resistanc@séﬁhinst
the object air flow ng therethrough, but it nmay give the object air nore
chances to get in contact wth sadsorbents than the honeyconb structure.

In the next, an exanpl e of another nmet hod for manufacturing the filter 1,

wll be ex?ﬁ |nc€ugﬂ t ¢ riQly! 09 ﬁ‘% finﬁ?rt hiae PR hﬁ“%ﬁ%@—

structure ﬂgaCOUI’l er o tlny a size in the
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manuf act uri n J%F s.are executed in the same way as tﬁélbgﬂﬁln t he above,
i 8
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I n which the mder of the fralpontlte m neral and the powder of an

i norgani c ?Fk §N§ YS® in nineral, bentonite, etc. are di spersed.
After this, the Honejzhon’bnsktuctame e]:&mp:lereuaﬁ ednlmyt}heat ma&tt heddbutfor
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for severallrmwafﬁg Lne EHW@VSSSH%&%%%‘ QF 'trinvsh p%f}etéﬂ%ecﬂgl g wrﬁed the
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formation th1s porous honeycomb structure 12 is 1mmersed for a
several minutes, in a suspension in which the powder of
the fraipontite mineral and the powder of an inorganic
binder like talc, kaolin mineral, bentonite, etc. are
dispersed. After this, the honeycomb structure 12 is
treated by heat at about 300°C for about one hour, thereby
forming the first inorganic material 1layer 25.
Subsequently, the honeycomb structure which is now
provided with the first inorganic material layer 25, is
again immersed for several minutes, in another suspension
in which there is dispersed the powder'of an inorganic
substance having the effective pore diameter of mesopore
or micropore, for instance the powder of diatom earth,
silica, alumina, amixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, hydrated
magnesium silicate c¢lay mineral having a crystal
structure of the ribbon type, activated clay, activated
bentonite, or the 1like. After the process of this
immersion, the honeycomb structure 12 is again treated by
heat at about 300°C for about one hour, thereby forming
the second inorganic material layer 26. In the formation
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material |ayer, silica may be replaced by silica sol, alum na may_be

repl aced bFTNKISR8/S6I , and the mixture of silica and al um na ma39/68

repl ace by the mxture of silica sol and alum na sol, respectively. _
Sepiolite or palygorskite may be used as hydrated magnesium silicate clay
mneral having a crystal structure of the ribbon type. 1In this way,
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I norgani c terd al,l.gyer 26 10 e . f] L.NOk gan] tekLal y . The
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i nfl ammabl é noetgaribé asatesiednstliavens, Zﬁor?ndes§ﬁ@9ndﬂnﬂH@Igaga§eous
organt o 1 TRd 591 casy pasSugbace coRLATHRIUAN off LI oLk ghRgause

they are conplete en out Tromnaterials constituting the filter
during t he salbatameatyed fott forminenthe fhst anhS§GORE 1 MORBHBL Cdesor bs

gaseous or gairigPUId$é£s Py 448626, may beFhDxel whehsas Pankltyoael arged
sectional view of a filjier ., 1 including a hone co&b st.ructure 12 fornmed by
al t er nat el y "OTEAR by %d%Pﬁﬂamiﬁf%ﬂsEg?guﬁg?Qg’s &t 4 v amge e A 1P,

sheets 11, gitleredte} heifliired, | opor gdnimi mat er ilal tlyer casd,s ovewdrhy
(10 e oyeer o6 ey b RN, ISER) pbosh 9 i ofhlta
' sol may be used in place of alumina. The inorganic
adhesion assisting agent plays a role of firmly fixing the
powder(ﬁ?thefraipontitemineralandtheimorganicbinder
to the surface of the honeycomb structure 12 or firmly
fixing the powder forming the second iporganic material
layer 26 to the first inorganic material layer 25. The
filter 1 manufactured in the way as mentioned above
neither includes any inflammable material as its
constituent, nor desorbs any of gaseous organic
impurities causing surface contamination of the product
because they are completely driven out from materials
constituting the filter during the above-mention heat
treatment. Thus, the filter 1 never desorbs gaseous
organic impurities by itself.
Fig. 8 shows a partly enlarged sectional view of a
filter 1 including a honeycomb structure 12 formed by
alternately stacking a plurality of corrugated sheets 10
and thin flat sheets 11, wherein the first inorganic
material layer 25 is formed by fixing the powder of the
fraipontite mineral to the surface of the honeycomb
structure with an inorganic binder, and the second
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mat eri al Iaﬁer 26 is formed by fixing the powder of an inorganic supstance

.having an e dianeter in the range of nesopore or mc @@ reto

the surface of the first inorganic material |ayer 25. The effective pore

di anmeter of the inorganic binder for use in the formation of the first

I norganic material layer 25 may be-different fromthat of the inorganic

adsorptivelagwnyg%{ £9rm Gt 1sse(f89‘(file'tf1929f‘f'%9n§mcﬁ@0 pﬁh@iter 26,
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adsor pt i onof Fap i hst)ﬁﬁ@@lccl apbatenes s }baﬂ:hn&s an| efkeetiMeni RB¥Sl, and
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bi nder forsﬂm§&QQs? |ﬁgﬁg mﬁﬁ?m&%Prgpnﬂéyéégﬁgiaili&yq %a ﬁdhe3|on
assi sting %@@Eéﬁﬁﬁ@hpaﬁesﬂthEﬁﬁﬁI&ﬁiﬁhesihbeganamihﬂnﬂmﬂafﬁnyube used

for the sane %m t hat

is a suspend glﬁr P%BF@@IW%%@I%;;&FSS:% 1;51rqrn%?]§/1%aﬁ?$?:ré§1vmll?ﬁe &Pze of a
nanomet er Mstdmermiffemsnnadbnnnethatrbftths Inoegdand ct leed seppbiver

surface angghnﬁ égﬁgl I%?Eﬁﬁ dg i3t A % GFEaﬂﬁQﬁqﬁéPF?ka&

aggregat e I mar ﬁ |cles Silica so
al uni na soﬂdmanuﬂﬁxam@dommﬁdbenxm $ Blcang@I0§h@&ﬂnﬂﬁ¢%@gbaV1ng no

respectivelygntrd fbbﬁ §§9ﬂ§%sig%§a§§f9EﬂW¥Jﬂng FBF fa§shneRd eeqynd
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i nor gani ¢ &dey vhs a%&Pht Big tadent k{%@/ be @bpéﬂ'@qus@dl denpopite 2§ the

same mannergiasySiin cthdedraing &N BE Pab 1whilgh harel loppiabé Bugk pdsersbi ng
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partly enl aryesb dkwni sndlicaitey fikica, and alumina may be used for

the same purpose. However, in case of silica sol or

alumina sol that is a suspension including mono-dispersed

primary particles with a size of a nanometer to several

tens nanometers, if it is fixed to the supporter surface

and then dried, it is transformed into a three dimensional

aggregate as an ensemble of primary particles, thus,

silica sol and alumina sol being transformed into silica

gel and alumina gel, respectively. In this sense, in case

of forming the first and second inorganic material layer

25 and 26, silica sol and alumina sol as an inorganic

adhesion assisting agent may be solely used as a binder

in the same manner as silica gel and alumina gel which are

capable of adsorbing gaseous organic impurities. The

powder of the fraipontite mineral included in the first

inorganic material layer 25 is apt to peel off because of

its layer structure, so that this sometimes unfavorably

plays a role of a dust source. This inconvenience can be

avoided by coating the first inorganic material layer 25

- with the second one 26.
Fig. 9 is a partly enlarged sectional view of a
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including the first and second inorganic material |ayers. As shown in the
figure, . t KETNKI8AOBSGr ganic material |ayer 26 is provided with 4h$9
capability to adsorb and renbve gaseous organic inpurities, so that even

though the supporter is constructed including some organic materials,
there is no chance for gaseous organic inpurities as desorbed therefromto
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coating ismedreriail olayby &6diapyi ricp ree hoiixedToitsd ridree sspeeié¢leahkey, the
above pell %tbjfechTE-&’iﬁf o&h%h@zﬁ@&ngir%ﬂﬂ RO tenByagral is first dipped in
a suspension’in which the powder of the i1norganic substance for use in
coating is dispel@etheamexis theretwkbh beidaseni bpd anepbagi oxampdedri ed.

In order tefi ngrpasddder pchaiiwpdc shrengt hiipd Fhe teaating, tdetahqve
suspensi Onte%%\;ﬂlﬁ\fnt ai ﬁ)@an I nor gani.c adhesi.on assi sting agent in the sol

state togefH@mRith HE pBRAEYT CHNR n& TGS ¢ AGHERredr hkethe
coating soablvate-thent ésultdanie thati rthdovhe tihieetddachstifbmil t he showder
R N I S T
assi sting agehtthfeopellet formed of the fraipontite mineral is fixed
to the surface of such supporters with an adhesive. The
pellet is prepared as follows. That is, a mixture of the
powder of the fraipontite mineral and an inorganic binder
is pelletized by means of a pelletizing machine, and then,
the surface of the pellet is coated with the powder of an
inorganic substance having an effective pore diameter in
the range of mesopore or micropore. This coating is
carried out by a dipping method. To be more specifically,
the above pellet formed of the powder of fraipontite
mineral is first dipped in a suspension in which the powder
of the inorganic substance for use in coating is dispersed,
and is then taken out from the suspension and dried. In
order to increase the mechanical strength of the coating,
the above suspension may contain an inorganic adhesion
assisting agent in the sol state together with the powder
of the inorganic substance for use in coating so that the
resultant coating comes to include both of the powder of
the inorganic substance and the inorganic adhésion
assisting agent. The sort of the powder of the inorganic
substance and the inorganic adhesion assisting agent for
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may be sel ected as previously nentioned. In the next, there wll be
.descri bed F{INK9 ﬁ?@fﬁ& exanpl e of a nmethod for manuf acturi ng the42/89ter 1.
In tHi s exanple, the honeyconb structure 12 manuf act ur ed by the nethod as
menti oned before is nade use of as a supporter. In this exanple, the
honeyconb structure 12 is imersed for a several mnutes in a suspension in

whi ch the BQwlan ofod it @ PORLI LEITINIE!as Fo PRSP pEaRERS, O de

and/ or pernanganate, ani ¢ bi nder hi s
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nmanganese OXi er ranganat e t he sur ace of t one conb
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nanufacture%oﬁg t he magﬁﬁs nent i,oned ,above doe |nclﬁge anﬁ i nfl ammabl e
I te

material a8 cOP& i Pt exc«;ﬁ’t the Tad@br U hg DRFABKgaf €hus
enhanci ng fafadiporft Dhet he nmndp@ndt ttfe dpsﬁate@r qoiremsmglamseN 6Ridehe

compt et ol yaaR/0%, BEERRASHNALE, AR LER ST Tra B i1 FRef  Fhiudnhe *°
corrugated sheets 10 and the flat sheets 11 of the
honeycomb structure 12 with the inorganic binder to form
an inorganic material layer 20’ as shown in Fig. 10. In
this way, the filter 1 is completed. The above suspension
may contain at least one inorganic adhesion assisting
agent such as sodium silicate, silica, and alumina: In
this case, however, silica sol may be used in place of
silica, and also alumina sol may be used in place of
alumina. The role of the inorganic adhesion assisting
agent is to firmly fix the powder of the fraipontite
mineral and the powder of manganese oxide and/or
permanganate to the surface of the honeycomb structure 12
(including the inside surface of a cell as an element of
the honeycomb structure 12 (the same in the following)).
The filter 1 manufactured in the way as mentioned above
does not include any inflammable material as its
constituent except the case of using permanganate, thus
enhancing safety from the standpoint of disaster
prevention. Also, the filter 1 does not desorb any of
gaseous organic impurities because they are completely
driven out from materials constituting the filter 1 during
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above-mentioned heat treatment, thus no surface contamination of the
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may be -designed so as to have an arbitrary shape. It is preferable to use
either Merr]MQerr] (Merr]: alkali netal) or Merr](MQerr])[err]

(Merr]: allgli Qﬁo%%r-tnnerm?f@hgdashpﬁrﬁnaf'ﬂé‘gﬁn@nt\/\at ‘Ehu%o' HB! 'éﬁi‘f?Ee wh

per nenganat e of potassi um diumand caesiumis relatively smll,
i s about |c§nd@migabioss afpoghe29rpEduqi) bepae naiese der ndidtfanaresiss

sol ubl e i ns‘é’%"t@foﬁ’@ﬂ’t%' Enle'l’HtFaalS%ﬁf pai® Folrherd inpﬂ%'}ﬂ%le?‘]"cbﬂ
honeyconb structure 12 that ES i.me I.n a suspensiqgn in Ee powder

of per mang&t&e W &hl $sne| hi |t9nt%t%?m5ﬁartc adbvﬁzlb‘?p%f t
frai pontitaavy rhwallesairglddss)@rssdtoamdveSahhembtla;k@“rsoLﬁhdﬁler ef T@miand

AR LR VAR ARt R S LA SR SRR R oA SN
rests in tME (MpOg), alM peratkblé nporea f th mme tial X hesaqheaumﬂg@naltleon of
the powder W%ftetxhestt?bP?Ttt;rtSf"‘gré?fnfﬁ ?Qﬂlartgeo?o 1%1:?6 fl?ﬁ’i@i"ﬁlmc

bi nder. Manganese oxI de wat er using in
conbi natuonmdhe:mmm b6 rnéaftrlanqobmw@lﬂnn@halcharicst lpbwljég per

per manganag tidy R BCE) ®f U?Bmm)f’W@beBHEkOEeEW%dgyKE% e Of st§s1fibaiepontite
m neral and the powder of ggze oxi d can i pProwded the filter
gas

1 that nevém Hé§@rrb¥eéfr¥ywﬁ §3c§r§;é’rfé |enf)E|ﬂ|ttelre ovideidywith |5 g
par }:I y eggarggde‘ij%ml?rs’ﬁdrﬁ/d:em'@fllzheha30¥|QaIHIﬁleﬁtBbﬁ{%ﬁ|a|s'i.‘|/§ﬂieﬁ§10@1$ shown
In | eane (0] 0 e ln

o or aoni o it ABigH e, Bongte o Bt iaits 408 L8 Wbk Ehe S 40T vk enwendon; ect
air) througm.matamrandbnquncmdénrUidﬂkﬁwﬁemlpbatpmMKM1nﬁraheare
fraipontite;gneraly %Egpi)&mﬁ{eﬁf O{ﬁ?? gutiﬁ)ﬁg?r Rdi gy Hfg%“g%ﬂ%te and

t he powder af | fior gahi i nder Fofh to t hé& “outsi’de
During thi 9amtdceke, ofaseewsangad adral bambided in the inorganic

material layer 20° can no .longer maintain its own
configuration and fixedly rests in the gap or air
permeable pore formed in the adjacent portion of the
powder of the fraipontite mineral and the powder of the
inorganic binder. Manganese oxide is insoluble in water.
Accordingly, if using in combination the powder of the
fraipontite mineral and the powder of permanganate in
place of wusing in combination the powder of the
fraipontite mineral and the powder of manganese oxide,
there can be provided the filter 1 that never desorbs any
of gaseous organic impurities.

Fig. 11 is a partly enlarged sectional view of the
inorganic material layer 20’ as shown in Fig. 10. The
object air to be cleaned flows into the inside of the
inorganic material layer 20’ from its surface (contact
face with the object air) through air permeable pores
formed between the powder of the fraipontite mineral, the
powder of manganese oxide and/or permanganate and the
powder of inorganic binder, and flows out therefrom to the
outside. During this process, gaseous acid and basic
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renmoved by the powder of the fraipontite mneral while nolecules i aseous
_organi c,i nPINKS803(8& physi cal | y adsorbed and renoved by the porg BRat is
sukt abl e for physi cal adsorption and exists on the. surface of the |norgan|c
bi nder particul ate. In this case, sulfur oxides such as sulfurous acid
gas can be renoved by the fraipontite nineral oW ng to presence of
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mineral and the powder of manganese oxide and/or
permanganate is fixed to the surface of the honeycomb
structure 12 with an adhesive. Incase of pelletizing the
pellet by using the powder of the fraipontite mineral and
the powder of manganese oxide and/or permanganate, these
two kinds of powder and an inorganic binder are mixed up,
adding an inorganic adhesion assisting agent and a proper
quantity of city water thereto, thereby forming aclayish
and plastic mixture capable of being pelletized. This
mixture is then processed with the help of a pelletizing
machine, thereby producing the pellet having a diameter
of 0.3 to 0.8mm. The pellet is then blown against the
supporter surface with a high speed air jet, thereby the
pellet being fixed to the entire surface of the honeycomb
structure 12. In this case, the surface of the supporter
is preferably pretreated with an incombustible inorganic
adhesive. The sort of the inorganic binder and the
inorganic adhesion assisting agent as use in this example
may be the same as used in the method as previously
explained. o '

Fig. 12 is a partly enlarged sectional view of a
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havi ng the honeyconb structure 12, to the surface of which there flxed
_the pel | et FYINK98@03/8& f or med by peIIet|2| ng a mxture of the pOV\ﬂélls of the
frai pontite mneral- and the powder of manganese oxi de and/ or permanganat e,
using an inorganic binder. The pellet 21' is fixed to the entire surface
of each of corrugated sheets 10 and thin flat sheets 11, wusing an
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gaseous or ur|t| €s such as sulfurous
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passes throsgh andadsembdedhgl @eesedosmed ganiheimpurity components, .
which are contained in the adhesive and may cause the
surface contamination. In this way, the filter 1 is
finished. As previously explained inconnectionwithFig.
11, the filter 1 formed by this example method can adsorb
and remove gaseous acid, basic impurities and gaseous
organic impurities, and sulfur oxides such as sulfurous
acid gas can be removed by the fraipontite mineral owing
to presence of manganese oxide and/or permanganate.
The object of the invention can be also achieved by
a filter 17 of the cylinder type, of which an example is
shown in Fig. 13 including A-A and B-B sectional views of
it. As shown in the figures, a double cylinder type
casing 22 having a number of vent openings 23 on its side,
is filled up with the pellet 21’ that is pelletized from
the powder of the fraipontite mineral and the powder of
manganese oxide and/or permanganate, using an inorganic
binder having pores, the majority of which is in the range
of the mesopore or the micropore. The object air to be
cleaned first flows in the inner cylinder of the casing
22, then'passes through an adsorbent. layer formed of the
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further flows through the space defined between the outer cylinder of the
.casing 22 ErT(NKﬂ%OQﬁlgSr most cylinder 24, and finally flows out th&6/8Prom
Arrovis 13 indicate the flowing direction of the object air. The
configuration of the casing 22 is not limted to such a double cylindrical
casing as shown in Fig. 13. For instance, a casing may be assenbl ed by
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casing 22 witHow vent resistance if the effectlve vent area
(filtration area) i.e. the effective area of the pleated
metal sheet is increased.

Accordingly, the above-mentioned filters 1 and 1’
can be formed by using the powder of synthetic fraipontite
microcrystal produced by such methods as described above.
To be more specifically, the powder of synthetic
fraipontite microcrystal is first mixed with the powder
of manganese oxide and/or permanganate and the powder of
acid-treated montmorillonite (activated clay) as an
inorganic binder, wherein the microcrystal of the above
synthetic fraipontite powder has a circular plate shape
with a thickness of several tens angstroms and a diameter
of 100angstroms to 1 micrometer while the above
montmorillonite powder has a diameter of several tens
nanometers. The filter 1 may be formed by fixing the
above mixed powder on the entire surface of the honeycomb
structure 12, or by first pelletizing the above mixed
powder to form the pellet 21’ and subsequently fixing them
to the entire surface of the honeycomb structure 12. The
filter 1’ may be formed by filling up the casing 22 with
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21" . In the next, an exanple of still another nmethod for

_manuf actur FTNKA8003/SGer 1 will be explained in reference with Fi47/894. U
to formation of the honeyconb structure 12, all the manufacturing steps are
carried out in the same way as described in the above, thus explanation
thereof being omtted. First of all, the honeyconmb structure 12 is
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honeyconb dftorustewmrerd? minutes, in another suspension, in which the
powder of manganese oxide and/or permanganate and an
inorganic binder are dispersed. After this immersion
process, the honeycomb structure 12 is again treated by
heat at about 300°C for about one hour, thereby forming
the second inorganic material layer 26°. The powder of
the inorganic substance used for forming the first and
second inorganic material layers 25" and 26’ may be mixed
with at least one inorganic adhesion assisting agent, for
instance sodium silicate, silica, or alumina. In this
case, however, silica sol may be used in place of silica
while alumina sol may be used in place of alumina. The
inorganic adhesion assisting agent plays a role of firmly
fixing the powder of the fraipontite mineral and the
inorganic binder forming the first inorganic layer 25’ to
the surface of the honeycomb structure 12 or firmly fixing
the powder of manganese oxide and/or permanganate and the
inorganic binder forming the second inorganic material
layer 26’ to the first inorganic material layer 25’.
As shown in Fig. 14, the filter 1 formed in such a
way as mentioned above includes a honeycomb structure 12
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aIternateI stacqug plurality of corrugated sheets 10 and thin flat
.Sheets 11, B& £ r st i norganic material layer 25 is for

fixing the powder of the fraipontite mneral to the surface of the
honeyconb structure 12, using an inorganic binder, and the second inorganic
material layer 26' is formed by fixing the powder of manganese oxide and/or.
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by manganepeowddmeodndtbe fraipontite mineral nor the powder of
manganese oxide and/or permanganate. The inorganic

binder as shown in the group KI) of the Table 1 may be
replaced by the inorganic adhesion assisting agent in the
sol state such as silica sol and alumina sol. The reason
is as follows. Silica sol or alumina sol is a suspension
including mono-dispersed primary particles with a size of
a nanometer to several tens nanometers. However, it is
~once fixed to the supporter surface and then dried, it is
transformed into a three dimensional aggregate as an
ensemble of primary particles, so that silica sol and
alumina sol are transformed into silica gel and alumina
gel, respectively. Thus, they come to show the physical
adsorption function. In this sense, in case of forming
the first and second inorganic material layers 25° and 26’ ,
silica sol and alumina sol as an inorganic adhesion
assisting agent may be solely used as a binder in the same
manner as silica gel and alumina gel which are capable of
adsorbing gaseous impurities.
Sulfur oxides such as sulfurous acid gas are
transformed into sulfuric acid by manganese oxide and/or
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gaseous acid inpurities and gaseous basic inmpurities are adsorbed and
renmoved by the fraipontite mneral in the inorganic material |ayer 25'.
Fig. 15 is a partly enlarged sectional view of the first inorganic
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- material layer 25° or the second inorganic material layer
26’ includes one of inorganic binders as shown in the group
(I) of Table 1, gaseous organic impurities may be adsorbed
and removed by the filter 1 even though such are desorbed
by the supporter.

In the next, there will be described an example of
still another method for manufacturing the filter 1. Up
to formation of the honeycomb structure 12, all the
manufacturing steps are carried out in the same way as
previously described in the above, thus explanation
thereof being omitted. In this method, the pellet is
first formed by using the powder of the fraipontite
mineral. Then, this pellet is coated with the powder of .
manganese oxide and/or permanganate. Finally, this coated
pellet is fixed to the surface of the honeycomb structure
12 with an inorganic adhesive. To be more specifically,
pelletization of the pellet is carried out as follows.
The powder of the fraipontite mineral and an inorganic
binder are mixed up with an inorganic adhesion assisting
agent and a proper quantity of city water, thereby forming
a clayish and p_la'stic mixture, which is now ready for being
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This mxture is then processed wwth the help of a pelletizing nacglga
_thereby ,pr RENKS§00BSGel | et having a diameter of 0. 3 to 0. 8mm 0/
Furthernore, the pellet is coated with a m xture of the powder of
manganese oxi de and/ or pernmanganate and the powder of an inorganic
subst ance as a bi nder. This coated pellet is then bl own agai nst the

Supporter Wt @chigh Spagd & Jifkno IPEEYA Db dAP uAlH S d el

surface of & ruc ure S case, the surfaci o t he
supporter|QfpﬂemelébnqunﬁrmﬁmbdnﬁhtWhﬁfquoHﬁQ§MQﬂﬁg|h%?g§ﬁ
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assi sting age S | s exanple nma a@ 82 used in the
ifofs|

net hod as mrelletsis caqﬂ%\d feldt B @ Plﬁété’d”(ﬁ/é’ th RsDBW BapRAn&iSfed in
connection y{dfe FARd/ 4 pbhRahiddmitd 4:0d niide byowbes exaaml enoeighad can

adsorb and r nnve aseous | mpur.l.ties ousy | ri and
gaseous or gah? L RABEr PSi BsT 1ngﬁlrf'ur %%e@ogﬁﬁ ? o@%acﬁ’&%%s can
be renoved &yaiﬂgtfthep@ubpb&ﬂnnuwfmh(thmghcspeedemme métnambaw oxi de
and/ or per anat e h theofi a

I norgani c EE g}?ﬁl F%ﬁer%e I ®the g Fﬂé §P¥ﬁ%9h0§£ cgﬁg s?gugﬁﬁ%e may be
rever sed V\nstmmt:tulnaniyzng tThne thricst easleonté;fo suirdiame Oa"g&hﬁsﬁul)@@ll‘fftﬁrlic
actd 9as- 3 JG08r e PRhTy F%Ltfr'ecaﬁ:'é%wﬂ{h Zaa}ﬁqn%rﬁwmbma i Rerlgating or der

of the |norga g t he ob ggs to cl.eaned
flows into adkeshgiede oﬂhwhespﬁﬁrgéﬁl hﬁatbﬁpﬁgamdﬁbr eFrdﬁF heé&&ir f ace

of the i norﬂﬁ‘&fﬁaﬂ‘itceéﬂﬁbsh@fﬁés%@st(1¢rf§'ta%fetnﬁ° ageu vk dhi i e iohjeacinghs)
t hrough air pernea pores forned between a ul ate_of t.he
frai pont i tem?d’ng% gﬁd §3ke s&fe BFeEhe b F\fi ‘E‘?ﬂ%ﬂé itor BREVE ORI LY i al
| ayer 26 ex§mhfilﬂl’edoxiﬂe e h ad vl f urbogis pa(elvduguaslys dxphaioededinnt o
sul furic actd Ry TNGRNERenO e 244 oruber PTG £ 0l %3@?
frai pontiteeghmelal metthoed i m@marddsorb and remove gaseous acid
impurities, gaseous basic impurities, and gaseous organic
impurities. Sulfur oxides such as sulfurous acid gas can
be removed by the fraipontite mineral owing to presence
of manganese oxide and/or permanganate.

The order of forming the first and second inorganic
material layers on the surface of the honeycomb structure
may be reversed without changing +the protection
efficiency against sulfuric acid gas. To be more
specifically, in case of reversing the fixing order of the
inorganic material layer in Fig. 14, the object gas to be
cleaned flows into the inside of the inorganic material
layer 25° from the surface of the inorganic material layer
26> (contact face with the object gas) through air
permeable pores formed between the particulate of the
fraipontite mineral and the same of the binder in the
inorganic material layer 26’. Sulfur oxide such as
sulfurous acid gas is transformed into sulfuric acid by
manganese oxide and/or permanganate in the inorganic
material layer 25°, and sulfuric acid leaches out toward
the powder of fraipontite mineral in the inorganic
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26", thereb being renpved. O her gaseous acid and basic inpurities are
_adsor bed aH@N St the solid acid poi nt and the solid basic 5 |

respéctively, which exist on the crystal Ilayer surface of the
fraipontite mneral in the inorganic nmaterial |ayer 26'. Fig. 16 is a
schematic illustration for explaining a high efficiency clean room 100 t hat
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LSI* s andgleQl d §cGa plod i Q985 E8@ 8199 biaRd PB0LING] ey ot PYehym 103
and an under-floor portion (r Eurn pl enu 104, “which q;e resgfct
e

e tively
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ceiling portion i r.ranged,a clean uni t ichis ed wit
a fan unit 110, alfl ﬁgflflf \ﬁ/iclhﬁmgao%]dcv}eﬁruﬁfrtaﬁémlrh% iedﬂ’,lﬁingé%
particul ate fhigkr efificieneemcdmaucroomah@dd adthat njsapmrstrscied is
installed in Kipg.sp t S ' f t urce.
The under-aglcogo}redi,\%%rlf{goarl]ﬁ %ﬁoa}lél%g?t(?fi?)}rléeldlg?]%h\%qto%'grygggbaﬁgﬁs 115
havi ng a nedigean gfodw| éacdpdssr faorcatd amsroom Andoadsdsan drenebi | Thef t he -

non- dew tque]%p F8omnst@d | ?ﬁgilﬁ‘xd‘ ANGRIriE1 PP sRR'dd 0N0204 f NyRider to
deal with the heat |oad caused by the sen1conductggénanuf%cggbgng appar at us
C

114. The REREWF 36 tohbentatPbAdUsts s¥6BsnsSdnsapp erS £Rat
enabl es t hg qigrde Hsedpohed ewiltihgtp eRtSbAY (80y pdew lanvenyal 08naad t he
surface of a heat ex ﬁanqgr. r A tenper tyre ensor 1%6 is _set up i% t he
return pat RM0o%? Brdg QG T FLABer qf@ Ph@i&qﬁ MhLOfe o %%ﬁl&?lng
val ve 118 aofe dpec ibnedgwl bype ecbadenhat top anidl batGomsofotheovbelimgch t hat
R emPer A SAgEt gk SIS, (obs SR, i S e ghmene
side of the working space 102.
On the ceiling portion 103 is arranged a clean fan
unit 113 which is provided with a fan unit 110, a filter
111 with good vent of the invention, and a particulate
filter 112. A semiconductor manufacturing apparatus 114
is installed in the working space 102 and acts as a kind
of a heat source. The under-floor portion 104 1is
partitioned off with grated panels 115 having a number of
holes or perforations. A condensation coil of the
non—-dew type 116 is installed in the under-floor portion
104 in order to deal with the heat load caused by the
semiconductor manufacturing apparatus 114. The non-dew
type condensation coil 116 means an air cooler that
enables the air to be cooled without causing any dew
condensation on the surface of a heat exchanger. A
temperature sensor 117 is set up in the return path 105
to detect the temperature therein. The flow regulating
valve 118 of the non-dew type condensation coil 116 is
controlled such that the temperature detected by the
sensor 117 is kept at a predetermined level.
With operation of the fan unit 110 in the clean fan
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air in the clean room 100 begins to circulate at a properly regulated air
flow rate FTNKO80Q3/SGni ng order, that is, ceiling portion 103 - ®8#% ng
spacé 102 - under-floor portion 104 - return path 105 - ceiling portion
103. Wiile the air is circulated through the clean roomlike this, the air
is cooled by nean of the non-dew type condensation coil 116, and

gaseous | Muriid h§3 apg oPa g'fy'qfleecy@%gf %b%%%@g@g@ £0 dfifcgibeyl ating

air are rennved by ’t he fi nvention articulate filter
112 which arte aprIUWDIeHan rtemsﬂcabadl pam ddiav 1mztet har étbye thel tewangair

having a waloeequ ﬂ?@%r@k' e@ethrm?gr &F €1 HR1 19 3CONKIHUOURY Vs $4PB! 16¢ to the

wor ki ng space filter 1 of the inventjon.s a filter that is
formed in thel %%‘§é9°55ﬁ9ﬁ¢¥?9té %_pr§9t8&ﬂ3p%&$lép§ed Qﬂh 1ng he

filter 11porticédmdes3. theﬂhDDédQIhe Airthe fdlazr(p@mtbd mhrtafwghorthlencl udes
a mxture of thedﬁomd 5 3 t.he. fratﬁontlte mnera ﬁ ﬁr §
manganese &t ZhePBr 1i&end t atfere} of 2% ffie fYI |qe nl‘i ¢85 remove
gaseous acinhrenidwsi ¢ yipepur¢dbndsnsartd ;avencgddeoukl &y gamind i npasebuss i f
any, contai, r | .a fil

consti t ut e&rﬁﬁﬂl%ﬁ#}ggn% &%Da:f]@hé{ligtﬂgl tsl%g’xuclélPiéﬁecgglgte 5 ugﬁ thie

per manganated r canblat i nghe iconsriet usamovedt ey ftheerfllllﬂel‘ sltlrleeﬂ%dtbyi heat ,
desorpti on ;qfy PEOH 2 R @L.rctl'mté'fmeﬁr 471120 M Fh baer@?fﬂ a&alexa ”

suppressed to't accepta particul ate f
di sposed ddMsﬁh%a‘Fﬂ@hé fapt anit i bha teeboby ﬁélret iccluf aft ealrﬁp]&?"tlln@s The

outer framg a@dﬂtaqury C@Bﬁttlﬂdlel"lé& ferig¥raPartl B pie fddieindddsane made

of only materi al um num cera whi ch cause no desorption of
gaseous or Gai éﬂ}ﬁé %Pt|i§ Work1n$h§9ﬁﬂ%kipzalr is properly supplied to

the under-floor [Tdre ifdn tld¢ DIltdIE ﬁi@arnvemmb(ﬂoltshaoﬁgmtenr ahtadodrs ai r

i ntroduci n%ooatﬁgd ]iznoth%nsgag waY a tm' f?l%er 1 previously explained.
Thus, the filter 111 includes +the powder of the
fraipontite mineral or includes a mixture of the powder
of the fraipontite mineral and the powder of manganese
oxide and/or permanganate. Therefore, the filter 111 can
remove gaseous acid and basic impurities, and even gaseous
organic impurities if any, contained in the air being
circulated. This filter 111 may be constituted with
incombustible materials except the case of wusing
permanganate, and if the constituent of the filter 111 is
treated by heat, desorption of gaseous organic impurities
therefrom may be adequately suppressed to the acceptable
level.

The particulate filter 112 is disposed downstream
the filter 111 and removes particulate impurities. The
outer frame and other constituents of the particulate
filter 112 are made of only materials such as aluminum,
ceramics, which cause no desorption of gaseous organic
‘impurities. ' _

The outdoor air is properly supplied to the
under—-floor pbrtion 104 of the clean room 100 through an
outdoor air introducing path 120, on the way of which a
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the invention is provided for renoving gaseous inpurities contain i.n the
out door _ai FTNK98808/8Gced. A unit type air conditioner 122 is di sP¥8ed
“upstreamthe filter 121 for the purpose of renoving dusts and airborne
particulates in the introduced outdoor air and controlling the tenperature
and humdity of the outdoor air A hum dity sensor 127 is set up on the

way of thef&gﬁpoor£ghr EH oca @ignlgg% D OWQéﬁﬁdSPBPl aﬁﬁ@§§ﬂée

regul ating contr portion of
the unit tgpseanrs carmdmlrbheeSlzanth@@rdt r &Iy e@hﬁuchufcﬂaprt heifunpdity

detected b r a2 to at le4e.1220% PNREL gedt here
S prOV|deg in #ﬁﬁﬂagrk%na g%aéiigbglgﬁ(?ﬂﬁ§ftl$ﬁe @@@ °

un1d|tf sensor % %r

det ecti ng uRS trgamithe (ffl ditertdl § PUTRO§H At AP RpLERB 8BS LS

Tre OUtdoohfgbkﬁfﬁﬂrﬁé HP@E%@QdﬁbéfEhLWW@é1ﬁEQQHWWﬁ?I%ﬁ?d@érfalrhe )
cl ean room t hrough .t he outdoor air introducing pat to the
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bal ance bebwmﬂbdﬁwaimudOArhamﬁdmﬂyuﬁensmroﬂﬁﬁedstsethepmonkthg gpace 102
and the air v austed fro S I rol | ed,
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i ncludes n0 i n uent exce
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to cover the entire surface of the ceiling port of the cl gan.no nlas
shown in Filf HBOVFﬁegoﬂﬁhngﬁn“ﬂqkﬂQ%esgé mL@?eaPﬁé Vﬂ%gé “Yed t he

conventi ongjetd @ £28 folt diet et iohg etipb Oy amtildd vmfdﬁamr’reé)laetmnsahlearle such
as activated cqbrcoal and ion excﬁﬁgge fiber. Furthernore, if the filter

121 (Fig. thye EPE&%W&;%Q&F?n duced outdoor air is constituted
The outdoor air that is supplied to the under—-floor

portion 104 of the clean room 100 through the outdoor air
introducing path 120, is led to the working space 102 via
the return path 105 and the ceiling portion 103. The
balance between the outdoor air volume introduced to the-
working space 102 and the air volume exhausted from the
working space is suitably controlled, thereby keeping the
inner pressure of the working space 102 at a preset value.

The air of the working space 102 is exhaustgd from an

" exhaust opening 125 via a return gill 126.

The filter 111 of the invention includes no
inflammable constituent except the case where
permanganate is used. Therefore, the safety from the
disaster prevention standpoint is remarkably improved
even though the filter 111 is installed to cover the entire
surface of the ceiling poftion of the clean room as shown
in Fig. 16, in comparison with the case where there is
installed the conventional chemical filter, which employs
the inflammable material such as activated charcoal and
ion exchange fiber. Furthermore, if the filter 121 (Fig.
16) for cleaning the introduced outdoor air is constituted
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particulate filter 112, it is most preferable to employ
the filter media which includes no binder for use in the
filter media. Should only the filter media including
such binder be available, it is preferable to pretreat it
by heat for driving out volatile organic substances
therefrom before using it. Also, as to the sealing
material for fixing the filter media to the filter frame,
the same attention is to be paid in selection thereof.
That is, it is preferable to select a sealing material that
includes no volatile organic substance, or to employ such
an air-tight pressure contact, which provides the seal
between the filter media and the filter frame by means of
a physical or mechanical means, instead of using a sealing
material having the possibility of desorbing organic
impurities.

Fig. 17 is a diagrammatic representation of a clean
room 100’ according to the other embodiment of the
invention. The filter 111 used in this embodiment has a
honeycomb structure that includes the powder of the
fraipontite mineral or includes a mixture of the powder
of the fraipontite mineral and the powder of manganese
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per manganat e. In this exanple, however, the filter 111 is insta on
‘the cei i nE'TDUK9BREB/B68 of the clean room 100" to cover the ceilihéggortion
103 irn part. Consequently, the nunber of filters as used in this exanple is
reduced to a half of those which are used in the clean room 100 as shown in

Fig. 16. Except the nunber of filters, there is no difference between both
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contam nants contai ne e outdoor air, thereby reducing the
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100 in the clean room, more or less play a role of a gaseous
impurity source inside the clean room. Also, even the
outdoor air introduced to the clean room may play a role
of an external contaminant source because of contaminants
contained therein. Accordingly, the main role of the
filter 111 is to remove gaseous contaminants generated in
the clean room from the air circulating therethrough,
thereby reducing the concentration of gaseous
contaminants. On one hand, the role of the filter 121
disposed on the way of the outdoor air introducing path
120 is to remove gaseous contaminants contained in the
outdoor air, thereby reducing the concentration of such
gaseous contaminants in the clean room. When starting
the operation of the clean room provided with the filter
111 and the filter 121, the initial concentration of
chemical contaminants in the clean room shows a maximum
value. However, it gradually goes down with the passage
of time, due to removal of chemical contaminants from the
circulating air, and finally it is stabilized when removal
and generation of chemical <contaminants come to
equilibrium. Two of clean rooms 100 (Fig. 16) and 100’
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have a rel ation exgressed as 2:1 with regard to the quantity of chenlcal
_cont ani nanFINKB8A03BE r eroved by one cycle of the air circul ati oR6/89 |n

ot her words, the clean room 100' of which the ceiling portion is covered in
part by the filter 111, takes a considerably |longer tinme before its initial
maxi mum cont am nant concentration is gradually reduced and cones to
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space, so-calle mni- enviro I nstance, a ean bench, a cle
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products, afhe clﬁééxo racm 100 €94 h Oflc AR vide WQFBvFéﬁ-‘é'rl ni fofRkwagEe tHet h

vari ous oncrli el and £ovt (oATENTal, £ONLE oLk SUERGBSLTD gt HIbA™ ©°
vol urme ci rmlieatruugnlhgou@tmtt hef ¢t ebnsta@Be gener absen fofr gesedodiicadurities
|18, 10l 0 ERERY BRLRE A4 101, o508 ETELERSReLhgk Pt o
adopted in the clean room 100’ as shown in Fig. 17 i.e.
thinning-out installation of the filter would be not
always a worthless matter, from the economical standpoint
of view.
In the above, preferred embodiments of the invention
has been discussed in terms of a clean room, in which all
the processes for manufacturing semiconductor devices or
LCD’ s can be carried out. However, the invention is not
limited only to such a large scale cleaning apparatus.
The invention is applicable to the air cleaning apparatus
for use in a locally confined space, so—-called, mini-
environment, for instance a clean bench, a clean chamber,
a storage means (stocker) for processing and/or storing
clean products, etc. Also, the invention may be modified
in compliance with various operational and environmental
conditions such as an air volume to be cleaned, a ratio
of the intake volume of the outdoor air to the air volume
circulating through the clean room, generation of gaseous
impurities inside the clean room, and so forth.
. For instance, it 1is now expected that the
manufacture of DRAM’ s of 256-megabyte and/or 1-gigabyte
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In 1999, -usi antic silicon wafer wwth a dianeter of 300mMm z)n case
_of the appE’l}l\?KQ 8@%3(} or manufacturing such a sophisticated sem 2&%uct or
. devi ée, after introducing and setting the silicon wafer in a chem cal
reaction chanber of the apparatus, the inert gas such as highly purified
nitrogen and argon is adequately supplied to the chem cal reaction chanber
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roomair,
the possibility that the valve might work as a source of

various chemical impurities. Accordingly, if the filter
of the invention is provided on the way of the gas flow
path i.e. between the valve and the chemical reaction
chamber, it would remove various chemical contaminants
which might be generated by the valve, thereby
contributing to the prevention of the surface
contamination and to improvement of product quality as
vell.

In the next, the function and effect of the filter
according to the invention will be explained by way of some
examples.

For comparatively studying the performance of
different filters, the clean room air is filtered by using
different kinds of filters, and cleanliness thereof is
evaluated by measuring the change with the passage of time
regarding the contact angle between a silicon dioxide film
formed on a silicon wafer and a water droplet dropped

“thereon. To be more specifically, the clean room air to
be evaluated is prepared according to four kinds of ways:
at first prepared by filtering the clean room air, using
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comercial chemcal filters, one including the powder of activated charcoal
‘!npregnate@ﬂﬂﬁKBSﬁO&ﬁﬂhicaI effective for renoving gaseous iﬁgﬁghnic
impurities, and the other including fibrous activated charcoal also

i npregnated with solid chemcal; secondly prepared by filtering the clean
roomair, using a chemcal filter including ion exchange fiber; and thirdly

prepared by filtering the £ o0Mqal I [ il y ti
e Ehown 1 1% RSO E EoRnEY i P Bk cHY, RIS, (46, Sho IR fuB IR, O
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nak;ng_a fmgi1t??ﬂiﬁ@luamg@eéonG@ﬂbhahgﬁtﬁibbks,ahﬂ thérd lyuptapas eal e once
cont anmi na or gani ¢, subst ances, they_cong. d . i A N
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HEER TR U TE T e N O
determined with ease. If the silicon dioxide film and a
glass plate are made free from any organic contaminant
immediately after rinsing them, their surfaces have
affinity for water. In other words, they Dbecome
hydrophilic, thus making a small contact angle. Contrary
to this, if their surfaces are once contaminated with
organic substances, they come to shed water well. In
other wbrds, they become hydrophobic, thus making a large
contact angle. When leaving a glass plate in the clean
room air and measuring a contact angle between its surface
and a very much purified water droplet dropped thereon
with the passage of time, it is known that there exists
a certain mutual relation as shown in Fig. 19 between the
contact angle measured by water droplet method and the
degree of surface contamination measured by the XPS (X-ray
photoelectron spectroscopy) method. With regard to the
silicon dioxide film formed on a silicon wafer, almost
similar mutual relation exists between the contact angle
and the surface contamination by organic impurities.
Like this, there exists a very strong mutual relation
between the water contact angle on the substrate surface
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surface contam nation by the organi c substance. The follomﬁng n be
read from FRNKIBE03/SEnt results as shown in Fig. 18. The ion eRefhge

fiber is primarily used for adsorbing and renovi ng water-sol ubl e i norganic
i mpurities, so that it can not adsorb any organic substance. What is
worse, it even desorbs gaseous organic substances by itself.

Consequent |y, - ' t i St ki f v, | a
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subst ances i tsel f. erefore, .t contact angle s incre about -
10[ err] V\héh‘yg%%w nF HhSt2BEE- i ecvéh?ﬁ the FOLAEr odrh alerV%?li I ?gggg%%/%ereby
for only onmgeyus Qrgawibamxbstameesndihi id sedphens Gdosequba tdont act
angl e after_,keepjng._the test piece I - | e r [
filtered b)y}{?'nré 1?8{’%?%09 tﬁesnel ﬁ'n(/le%?%’osggg lsc%glgwn#alnfnégi %Sbgflngﬁ?sm}ﬁea;ns
that the gasiblsonrganixd deufsitlancea kbrday nkengninhthebf e nairoos addsor bed

and removed Py, the fijhtery of u%9ethﬁvq76tﬂ Oy cRPfgRl T pdatfiDeel | ttafe

desor bs no gaseous organi c subStance by itself. o |In_case . of, the
activated ctertaat spgdler isjdseereasedahive aﬁ’rﬁ:}lﬁ i19es wolFa gé ndss Q) y
](cjeso][ bed f rmipgtggnsﬁihtalﬁy?apat ﬁﬁla?_&lssug&@z_@sé%l teor meﬂ'ralm_a&ri ladhesi vle
or fixing activated charcoal to . the filter ia sheet., a sealing .materia
for fixing RPRVERELEE | %1t6°Pﬁ@mFﬂ£ﬁ%°%hnEHe RAREOYH cARQTER Wg i on
exchange fipgputilktiers, gesealstor gheiyc d4 hpor iftaiids woulad sxerpossigalni ¢

desorbed | ¥oanesy 395 k1Rl 5L JR1R0E Tl bRl og e

up with theagginontke detiedted charcoal filter even desorbs gaseous
organic substances by itself. Therefore, the contact
angle is increased by about 10° when leaving the test
piece in the clean room air filtered thereby for only one
day. On one hand, almost nothing happens about the
contact angle after keeping the test pieée all day long
in the clean room air filtered by the filter of the
invention as shown in Fig. 3. This means that the gaseous
organic substance contained in the object air is adsorbed
and removed by the filter of the invention, and also that
the filter desorbs no gaseous organic substance by itself.
In case of the activated charcoal filter, gaseous
organic impurities would be possibly desorbed from its
constituent materials such as a filter media, an adhesive
for fixing activated charcoal to the filter media sheet,
a sealing material for fixing the filter media to the frame.
On one hand, in case of the ion exchange fiber filter,
gaseous organic impurities would be possibly desorbed
from various additives included in the high-molecular
fiber forming the filter. Thus, these gaseous organic
impurities are easily mixed up with the air once cleaned
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through the chemcal filter. Furthernore, in case of the ion exchange
fiber filt&TNKSIBOQYME i nes happens that a part of the ion exchan&@P seis
desorbed .in the formof sulfonic acid, calboxylic acid, phosphoric acid,
ammonium or amine. In short, these prior art chemcal filters allow
desorption of gaseous organic inpurities, so that such inpurities are m xed

up with th I e ' , j f ' tsfilt
shcceed | niToRarR s WHIEER e hohtbL £ENERr [ AHEDBOERDIYL in )| o2
dopants of ggse opdertivi lion hexehanee odmber faddes, t htouyhmethBMS

Therefore, hateﬂfiﬁs 1EaBOgSpRk! bY tHat ibhe eRciUn g th&SeM §adeSbirberd m ght
even increase the concentration of gaseous .qrganj¢c inpurities ip the clean
roomair. in thepfpgar pinsléprifoakilths cal Q¥ YLie ackdr d?}h%SPSOFHé’

i][wletntio?, 3l hﬂ@}owﬁim gr{\mlf@n‘o B T hlors ﬁhésérqfnxgmﬁgam as
"filter (a)" hereinafter) an e ot her 1.nc)udin oneyco strycture
(b) (refercr}EECF"t‘bags f'l'lreli%?’é? @hLofe é‘lsr?aﬁqtjr?’,l %rfcﬁa\ﬁne?élusbeoﬁgggaicbed
later, is cawgpwniedeby bavthgtt baohfihpardd itdwe axeari xreabmpaiwi tdorttha ni ng
HCl, NH3, .DOP.__and, deca h cycl ta ,silo h of
whi ch has af‘]dﬁff?ré?gnflc?&?ceem%ﬁgﬁ i)fﬁltqﬁegﬂr aﬁzlgho?%g:svlégajeﬁ%%éar %ﬁpt to
several pptEil fes mwt eeedoin eféneyahoyf dded astl dHor bagirHBIRRTé4deS i | ter
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n WnS; es of th

upstream a ream si oneyco structure wth the hel p of

an ion chromebgedpgh PRE)SeSThe hsrwtglet ide®e fi cl o8P kg nstt ket iganils
surface coysud PRI S t9f tBaehthiel peH orSadlsehemaleydt €d 1haseaight keen
measur enent, of the quantit err] deposited.on.the_suyr.face of a

of DOP and
silicon wafitCTGRSENINE %Pé&é&tgﬁetle%’&rp ® HR B8 pLt § AN ahBP Bt t5%eam
si des of then hpheyedwhanstraeh uaér. Furt hernore, the concentration of

o 00 Part cUla b L RRBURPLe Rk ERAL LI 1 AN ERELES B0 1
downst r eam sivlentf onhe bareydamiuding a honeycomb structure (a)
(referred to as "filter (a)” hereinafter) and the other
‘including a honeycomb structure (b) (referred to as
“filter (b)” hereinafter), which will be described later,
is evaluated by having them filtered the clean room air
containing HC1l, NH,, DOP, and decamethyl cyclopenta
siloxane (Dy), each of which has a different concentration
in the range of several hundred ppt to several ppb. The
protection efficiency against HC1l and NH; of each filter
is evaluated based on the measurement of their
concentration on both upstream and downstream sides of the
honeycomb structure with the help of an ion chromatograph
(IC). The protection efficiency against organic surface
contaminants of each filter is also evaluated based on the
measurement of the quantity of DOP and D; deposited on the
surface of a silicon wafer, which is placed one each on
both upstream and downstream sides of the honeycomb
structure. Furthermore, the concentration of airborne
particulates (the number of particulates with a diameter
of 0.1 micrometers or more contained in the air of 1ft?)
is measured on the downstream side of the honeycomb
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structure,

wherein the nunber of airborne particulates is 10/ft[err] on the upstream

.side of th&HIKE300

#PGtructure. Table 2 indicates the results ob63i8kd by

t he above- nmentioned neasurenents. Table 2. Contam nant

Filter (a) Filter (b) Protection HC 95%

96% Ef fici ency NH3 93% 95% Sur f ace

DOP 9 % t ' . %,

50% Conc. ofg[ﬁl%%;&?(%hl%?%rg@ﬂoﬁﬁgo@?n’g%ggaﬁ§;drel:)°rne%§fﬂculategs?élsf tlerr]

100/ ft [ err 1 OO €1 @ atiheg

upstgeep siglel of cthbeehensycomb stouctuaieyating

the surface 0N agi maid PPat@sP-fhPereshilae ¥8tehn¥d ¢ diameiphyet 4-inch

is used as a test

cont ani nant®® THehoR

i,ece for
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nmeasuring the quantity of organic surface
cBeRRUTEIE N Fhe test piece is rinsed, dried, and then

exposed to Tdtel ®bect air on both upstream and downstream si des of the
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conbi nat i qELf ilhiepecyt ecti on df fi NHgncy |agai n®t3% he sulfface @6M% am napts of
the filter gyrfigd€r m ned by neanspgp the gas siggeat ogiaph ag gyl T ows

The protec@fgké%{igh ncy = (1 - (ﬁN/D) X 100 ol vvherei.?v0 A Area
of the ordapie—€ohtarmrant—pedk—detected—onthetest piece su.#éee—pLaCed
on the ups ef de dRuticuiater, LOn B: Area of the organic

cont am narn
downst r earn
thi s enbod

Domekt deamcSddeon the test pi
P Ofilhlpe (Fil terz oo
WY ometers)

ece s0/fFaée pl aced 100 Afe?
kinds of filters (a) and (b)

i n

For evaluating the surface contamination, a p—-type
silicon wafer with a diameter of 4-inch is used as a test
piece for measuring the quantity of organic surface
contaminants deposited thereon. The test piece is rinsed,
dried, and then exposed to the object air on both upstream
and downstream sides of the filter. Measurement and

analysis of organic contaminants deposited on the test

piece are carried out by means of an elevated temperature
gas desorption device and GC-MS (a gas chromatograph mass
spectrometer) in combination. The protection efficiency
against the surface of the filter is
determined by means of the gas chromatograph as follows.

(1 - (B/A)) x 100 (%)

contaminants

The protection efficiency

where

A: Area of the organic contaminant peak detected on
the test piece surface placed on the upstream side of the
filter, and |

B: Area of the organic contaminant peak detected on
the test piece surface placed on the downstream side of
the filter.

Two kinds of filters (a) and (b) in this embodiment
are respectively provided with the porous honeycomb
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62/ 89 structure as shown in Fig. 3. To be nore specifically, this
structure BINE98$003MGalternately stacking a plurality of corrug

sheet-s 10 and thin flat sheets 11. The filter has a depth of 10cm al ong the
direction of the air flow The air passed through the filter at a face

vel ocity of 0.6m sec, and the total effective sheet area per unit fllter
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M Cr Omet er S +fic \Whlir@l. thﬁaé\ﬂﬂﬂmtrﬁiw ahllctﬁa%@rm@‘llerltasfdxs ify iopangdt e
m ner al aolipite : silica = 70% con adsorptlon | ayer

es
is formed tBY hatBRgTSHlEn eofpﬁEOHFcr%ﬁgﬁﬁgfm? ﬁﬁFBﬁ e weihht®ratio
of its conpongpes sii®raaindt ttheat &ld yniong nioy,i Iﬁlmnstaspesshbuacsnaﬁ%mri@%

The wei Ot 2h e BoBllt £ 0y 7 0L pLn AT LIV VBB o0 it
circular, thickness: several tens angstroms,
diameter: 100 angstroms to 1 micrometer), the powder of
kaolinite (size: 3 micrometers) as an inorganic binder,
and silica sol as an inorganic adhesion assisting agent.
The second inorganic material layer is formed by immersing
the above porous honeycomb structure already having the
first inorganic material layer in another suspension and
then drying it, the suspension containing the powder of
acid-treated montmorillonite (activated clay) (size: 3
micrometefs, effective pore diameter: 20 to 1000
angstroms), and silica sol as an inorganic adhesion
assisting agent. The first inorganic material layer is
formed to have a thickness of 100 micrometers, in which
the weight ratio of its components is fraipontite
mineral : kaolinite : silica = 70% : 25% : 5%. The second
adsorption layer is formed to have a thickness of 10
micrometers, in which the weight ratio of its components
is acid-treated montmorillonite : silica =87% : 13%. The
weight of an entire filter is 230g/lit., and the weight
of two inorganic material layers is 90g/lit., thus the
weight of two inorganic material layers corresponding to
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-i norganic ﬁﬂ%ﬁﬁﬁ%ﬁaﬁﬁggér on the surface of its porous honeyconb st63/89 ure.
Thi s “inorganic material layer is formed by imrersing the honeyconb

structure in a suspension and then drying it, the suspension containing the
powder of the above- mentioned synthetic fraipontite mneral, the powder of
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ayer (actRA B ety (%) PlnidPohbppfl)( Bk ﬁzﬁsin"}ﬂllré%ﬁ’ffﬁg?%{iet from

Tabl e 2, regardi ng, renoval aseous
i norgani c &R &3 4cal%9éra§f#@ct$9§8?HW®rBﬁhﬂﬁﬂQﬂnﬂSSbSthag peesdnce of

the second 4@l DADLE MPdEd | qln Ieuerflaimyr N uenggs ﬁ@eraftq{eeft hl%gjor
efficiency t _gaseous apd wever, when it cones
protection e‘(ajffg{j1 ilgng?FStE §Hr4h‘éep?¥’5ﬁ? RAd edehavdig p dEgmedpant a

sil oxane (df e1r0Q0, ang/ert(rbmsﬁroar niciueeﬁﬁ‘s@rth}itOfltorsQ:éHB&eP?néﬁH‘l'Bél&tss
det ect ed OQﬂhaﬁ t esit sur%ace t he otect on _efficienc rkably

changed depend %ﬁf @t TR hEPR ﬁ%nﬁF89Pded gt ORGt ?Hg’s%gBﬁaa gani ¢
materi al | a/lay hm/uagdt he wehedlillendr flayshasl padesy p@fmrhifam@ths)majldr short,

the filter e CRDvECHRYE §PhnBRler YFRGITD  £O5 9B ¢hd qpaLHé &F Ryt 2l so
1000 angstroms, so that they may exhibit the physical
adsorption function that is never inferior to that of
activated charcoal.

Difference between filters (a) and (b) is only one
point that the filter (b) is provided with nothing
equivalent to the second inorganic material layer
(activated clay layer) of the filter (a). As will be
apparent from Table 2, regarding removal of gaseous HCl
and NH;, only the first inorganic material layer
effectively works thereon, so that presence of the second
inorganic material layer hardly influences the protection
efficiency against gaseous HC1 and NH;. However, when it
comes to protection of the substrate surface from DOP and
decamethyl cyclopenta siloxane (Dg;), which are the
majority of organic contaminants detected on the test
piece surface, the protection efficiency is remarkably
changed depending on whether there is provided or not the
second inorganic material layer having the excellent
physical adsorption function. In short, the filter (a)
can remove not only gaseous inorganic impurities but also
the gaseous organic impurities at a time.



‘the gaseous organic inpurities at a tine.

FTNK98003/ SG

64/ 89 Tabl e 3 conparatively shows the perfornmance of various
filters, wiTENKBO03Muf act ured according to the invention. Tabl 6489
Gasedus A B C D E Flnpurity HCd

96% 95% 94% 93% 96% 95% NH3 95% 93% 92%
91% 95% 93% DOP 80% [err]99% 98% [err]99@6 98%
[err]99% Derr] 0 3 0% 9 29 0%

In the above Table , gékark(nn f%ﬁlggigi %w$tg% agc oﬁgaconb

structure tWeatiows pfblteed, omhich soef a@@uﬁamtlanedn@cgamdammtt@r ithle | ayer .

This inorganiyepnpighial layer is formed by fixing a mxture to the
honeyconb structure surface, the m xture consisting of the powder of the
fraipontite mneral, the powder of kaolinite as a binder, and al um na sol
as an |norgaﬂdpeayhe5|on assi sting agent. A mark "B stands for a
filter of ILH tire—foneyconmp—stguct T ts—su leh an
i norgani c AP | | ayer” The i rgaxic ﬁ;terialﬁlayey i s forfe ﬁ%y fixing
a mxture |tIdRYeI hbnbyconb structurelsurface. the m xture consisting ¢f the
powder of |t heHfQlai pont i96% mi ner@$% the pd¥der] o834%ci d-t 96% ed| 95%

nmont nor i | ljoni (act ay as|a bpgder|, | u spl an

I norgani c adh%ﬂl ssﬁgfgn %§$ g;ﬁ ma gqqp "Clggqg >eg1 filter
of which tfh neyco ﬁ&u pr o éed on‘l surf% ﬁ%ﬁ

i norgani ¢ loatefsal | The QQ%st | n®P@anilc Seer i lal i 9%rned in

the sane way as that of the honeyconb structure of the fllter A, while the

second one is for
onite tI?d‘rﬁ‘eeyﬁ %

nmont nori | |
i ndi cat es

S0 L {3 Pen PRt oSttt
drfdlueéing a honeycomb structure that is provided on its
surface with an inorganic material layer. This inorganic
material layer is formed by fixing a mixture to the
honeycomb structure surface,

the powder of the fraipontite mineral,

the mixture consisting of
the powder of

kaolinite as a binder, and alumina sol as an inorganic

~adhesion assisting agent.

A mark "B” stands for a filter of which the honeycomb
structure is provided on its surface with an inorganic
material layer. The inorganic material layer is formed
by fixing a mixture to the honeycomb structure surface,
the mixture consisting of the powder of the fraipontite
mineral, the
(activated clay) as a binder,
inorganic adhesion assisting agent.

and alumina sol as an
A mark "Cc”
represents a filter of which the honeycomb structure is

provided on its surface with two inorganic material layers.

The first inorganic material layer is formed in the same
way as that of the honeycomb structure of the filter A,
while the second one is formed by additionally fixing the
powder of :acid-treated montmorillonite to the
inorganic material layer. A mark “D”
of which the honeycomb structure

first
indicates a filter
is provided on its

powder of acid-treated montmorillonite

Eﬁated



“of which the honeyconmb structure is provided on its FTNK98003/ SG

65/ 89 surface with two inorganic material |ayers. The first inorganic
material | FAENKI8P3/SREd in the sane way as that of the honeyconb688cture
in the filter B, while the second one is forned by additionally fixing the
powder of acid-treated nontnorillonite to the first inorganic materi al
layer. A mark "E" stands for a filter of which the honeyconb structure is

provi ded on. £, sbr 365 W' {40 kBRI L OPY £1T Bay Vel sThe FhG S TSt
inorganic matertal layer 1s fornmed by fixing the powder of acrd- treated
nont mor i | | drieeganicheahemdpdodB ysear ist fipemedr incehe wane wae aeddsd one is

formed by Wiﬁhenwnye;{&%ﬁwgs%frch&r@ 18 e ff{fww,g%fwatt% al

| ayer, the m xture congisting o h Ite mneral, the

: e powder qf the fraipont

powder of k%ﬁﬁ‘i’%iit‘én%sl%lﬁﬂ%ﬁi,bﬁrﬂ&hm’ﬁéqéd} rf]éé‘ld’lg itg‘(?rQQr‘ﬁ L®tesi on
?Ssi Sti ][lgt ﬂe&ﬁi]gldnzrbat%morinogtthﬁm{ldbéneftez ot Bl nﬂ}rl]éhefiﬂﬁtgaﬂhﬁr@&trl?_rd ﬁl

ayer o e filte i s _made, j us psite to the order in case,af ,the
F ber e | e tar kol pTaBry fih mat o hp R S ﬁBﬁe?cghtrBt%B%tsﬂrhé‘%hs
provi ded ontlié¢ shenefaombwisttir towui aot gaprovinkesd ical 1 yessridbe fwiirtdt
i norgani c materi.al |ayer is for fixin t po f
aci d-treat etdv?mmfél?%ﬁi t'%aﬁ%{:ﬂf%% hf;%éﬁlﬁsma s?#‘&ctgﬁgsgurrggé,ga\ﬁ%q e the
second one niat éoi add liay ealdi ¢ i Hoahleyl fhiyxi hipx angi ther @ awdeheofi astid-
i norganic yiLetLgl mbﬁ%‘ﬁ{ori i‘&n;’két 956 CRRR! Sth'd“rge;péothG Redlert e the
fraipontite mneral, the powler of acid-treated nontnori Ignlte as a
bi nder, anderfaraa ¥biles tdhe iseeondi engdassifornedibyigddagénnal in

short, the prgdefgoh he%xTIE e {HWrBRREE TRLSPa1id aVefepiallnlgyfdd ter F
i's made just, opposite to the order in case of the filter D. . Figs. 20
Lhrough 25 the BRESHEEA O LARE OFehbor BOTAGH G of 16 bt B bidh®r 1 al
| ayers whi ahigéeallor ghd pbwlderesfekaold ntifte alzoveb iradieirgnad df alltuarina
hrough F AgUESS: (AR findR SRl ks VI8 shore,
the order of forming the inorganic material layer of the
filter E is made'just opposite to the order in case of the
filter C. A mark "F” is.a filter of which the honeycomb
structure is provided on its surface with two inorganic
material layers.- The first inorganic material layer is
formed by fixing the powder of acid-treated
montmorillonite to the honeycomb structure surface, while
the second one is formed by additionally fixing a mixture
to the first inorganic material layer, the mixture
consisting of the powder of the fraipontite mineral, the
powder of acid-treated montmorillonite as a binder, and
alumina sol as an inorganic adhesion assisting agent. In
short, the order of forming the inorganic material layer
of this filter F is made just opposite to the order in case
of the filter D. '

Figs. 20 through 25 are enlarged structural views
in section of inorganic material layers which are formed
with respect to the above—-mentioned filters A through F.
In these figures, Fig. 22 representatively includes a
perspective view of a model of first and second inorganic
material layers, for ©better understanding of the



mat er-i al | ayers, for better understanding of the FTNK98003/ SG

66/89 © structure thereof. To be nore specifically, each cross sectional
.vi ew of thE’ENKPéQW§%ter. al layer corresponds to a sectional vB68%f the
inordanic material layer in the shape of a cylinder, which is partly cut
out fromsuch an inorganic material |ayer as shown in Fig. 6 or 9 in such a
manner that the height of the cylinder corresponds to the thickness of the

| norgant ¢ SRLALdAled 2YREr o oFICh 14 B @505 GRATIINAILY, TLALRIERLES L he

state of various pores distributed 1n rica
| ayer, nanmSie b @tdbor &l ehd ®dsopbhes cupabgen@t pngeteaumﬂ adbeykirng

gaseous org@mxc‘esmastt@sa s%rcetm@&lcﬁ@# ?Pytdaé H'ﬂu}eganfesucﬂ% alWhile

macr opor es .whi ch .can 3 erform sorption o aseous
|npur|t|eslﬁﬂﬁ¥l#ﬂh(hﬁ %gé) & EY thWthh 1anéé§éYoﬂu¢h@u¢|Iter
A, Wgs sh]?v\nfrl;ldm lSuh Zit}lt'lrl@rgélﬁfilgamh(teffﬁta?lr Lladyé?]}’@étéﬁo#VHCthFE@ tige
powder of the draipontikte ninera S effecti,ve.pore fhan air

per meabl e Bor €5 g Jn%vﬂ'}&ha % Dangery, Ejgﬁrg‘r‘?sl%}?t nBret ‘mi&naﬁrhardl y
exhi bits th@ﬂhﬂ&pmmﬁsotopwhﬂ(xhiykadsermﬁm¢MEsbnungm@wﬂmatgpuauties
In case of ; |It , [ It anlc material | ayer
52 i ncl udi ntar}eehlg po oﬁ%ﬁgg:‘,\%&lsp%o&?{lg%#tﬁearg luﬁécr fvﬁ)%rtﬁ
acid-treaté aﬁﬂnwﬁrwammnu% Bﬁhewténshblbume@(Wnothphwwkxndyladiorblng
gaseous Orgﬁ'b'rcgdﬂ@é‘ﬁdatﬁeeﬁlgfclaé‘f@rt%ﬁ@%&'ﬁ%%ﬁo?gsa&#gfgfﬁggeﬁ 300

nontnmorillonite has on its. surfadce pores havin S| ze
angstrons. ¢apd e 8f t nphyisiical kYas&ﬂﬁﬁWblhg Figgseops |ngaﬂnﬂst

i nor gani ¢ m@mﬁiﬁieslm ind i ¢t odi Mgy t heeh owEler dﬁeﬁbﬁgéralmﬂ%te
m neral has_nq ot her or,effective pore than the air bl e pore
having a sP2&THPALYD %ﬁbgprBHQ Pqﬂﬁﬁep ot 9 Rl PV S r&%&ﬁ%Fﬂgnthe

function obfphsisehalgas esisor Himpg: iasEeys @1&”M@dﬂdﬁn§dtbgsthlbﬂ%@ver
its secongpedyyégunc material |ayer 54 having no fraipontite m nera

powder
In case of the filter A, as shown in Fig. 20, its

inorganic material layer 51 including the powder of the
fraipontite mineral has no other effective pore than air
permeable pores having a size of 1000 angstroms or more,
so that it hardly exhibits the function of physically
adsorbing gaseous organic impurities. In case of the
filter B, as shown in Fig. 21, its inorganic material layer
52 including the powder of the fraipontite mineral and the
powder of acid-treated montmorillonite exhibits the
function of ©physically adsorbing gaseous organic
impurities because the particulate of acid-treated
montmorillonite has on its surface pores having a size of
15 through 300 angstroms. 1Incase of the filter C as shown
in Fig. 22, its first inorganic material layer 53
including the powder of the fraipontite mineral has no
other major effective pore than the air permeable pore
having a size of 1000 angstroms or more, so that it hardly
exhibits the function of physically adsorbing gaseous
organic impurities. However, its second inorganic
material layer 54 having no fraipontite mineral powder
includes the powder of acid-treated montmorillonite, of



“i ncludes the powder of acid-treated nontnorillonite, of FTNK98003/ SG
67/ 89 which the particulate has on its surface pores in the pore

di amet er r FENKOBOGB/SEG 15 to 300 angstrons, thus the powder of 67/89
‘acid-treated nontnorillonite exhibiting the function of physically
adsor bi ng gaseous organic inpurities. ~In case of the filter D, as shown in

Fig. 23, its first and second inorganic materi al Iayers 55 and 56 wi t hout
i ncl ude he

wd . | d-t g bot h
of them ¥ ﬁgﬁﬁ??@iﬁFFaﬁaﬁfoéﬁagfg y ad %l%étg§g5%§§§brggnlc
|npurltlesdldmetasermmgmeoflhb@mﬁzléstgh&ﬁﬂlangsérqms,|t upj rtdy
I norgani c mﬁéﬁégl o FYE é §7tQ%W'¥Hn oh%ﬁugyal gbn%&ylggwgﬂg mygudes

t he pomder [ a2t € nDntnDrll onite aV|n the function of
[ﬂw3|calIyfwn&blbnngOfganbaﬁgcak}@anﬁdsorhﬁﬁﬁltgé§GQ%ﬁmv8Fg%q¥§second

| nor gani ¢ 'ﬁﬁf?k legyer 1P claid Wdeghanky 1ttke DOVEISTs 06 wh hien g ptmilte

m neral has ot her effective pore than, the air abl e

size of 1000t &gkt sbngndrsaepad dgomganie rplgpawagxﬂ%gletrss !t%cr‘lr.rbaf'lfﬂé on of
physhcally@ﬂﬁmbtng gﬁﬁ@$uae0r gaphe i nppowdees. bfi casecbl-theatdder F,
as shown in Fig. its, first organi.¢ materigl |ayers:

i ncl ude t hé®$ QFIQAQHh§?Walb%H§|tg°ﬁ$ner§$\ﬁh?% t%@ﬁlggggg&fnorganlc
material | afeiet®0ni nadfideshtytsd ey ldabssoaely { n g he gaovaet s of ox@an ¢ eat ed
mont or ) O fr iR s UOBE dl AU R 91 13led BYCRS SADWE 1ROV XA { i ng
the functi ol"RB¥T §

|éaIIy a orblng gaséous’ or g urities because of
pores whichitse lfmrtsh:e porer ganiet ema tagigea bf A@dlﬁr 155 o Bevia®st®dns and

exi st on the. sy gpg%ﬁit@ then &4 8- t HBRIRT: qu}wpﬁabkomth@ p@rotwdrem atef

The protectlon I Ci ency agal nst_ gaseous | ni ¢ and al so
the prot ectdohdatirieditertt Poadaiaet 1 gB#ftﬁeetBHﬁt A¥ hAEi gﬁec#u’b‘égéBBs rgani c

i mpurities gfesigxdmyned a\ﬂ‘std'rlfﬁ@ec'fgé%@ﬁ@h Oérgbﬁlabovemwnnmresi

filters. AET of the_ above-nen |oned ilters exceh.ﬁntlé& FE T YT R s D

adsorptlon ?W@¥§€eu§tsnéﬁ§£ﬂ infrgepigenateria
only the powder of the fraipontite mineral has no other
effective pore than the air permeable pore having a size
of 1000 angstroms or more, so that it hardly exhibits the
function of physically adsorbing gaseous organic
impurities. In case of the filter F, as shown in Fig. 25,
its first inorganic material layers 59 does not include
the powder of the fraipontite mineral while the second
inorganic material layers 60 includes the same. However,
the powder of acid-treated montmorillonite is included in
both material layers, thus they exhibiting the function
of physically adsorbing gaseous organic impurities
because of pores which are in the pore diameter range of
about 15 to 300 angstroms and exist on the surface of the
acid-treated montmorillonite particulate.

The protection efficiency against gaseous inorganic
impurities and also the protection efficiency against
surface contamination of gaseous organic impurities are
examined with respect to each of the above-mentioned
filters. All of the above—mentioned filters excellently
performed in adsorption of gaseous inorganic impurities
such as HC1 and NH;. However, with regard to the



“such= as HO and NHerr]. However, wth regard to the
FTNK98003/ SG . 68/ 89 performance of -
_adsor bi ng FEENEI80836hi ¢ i npurities such as DOP and decanet hyl cP8&bent a
siloxane (D{err]), the filter Ais specially inferior to the others, and
filters B through F are excellent in adsorbing such inpurities. The reason
that the filter Ais inferior to the others exists in the inorganic

materi al | L.gh . ' eff ' : t i r
per neabl e g%éfxref(gé?/%‘\ﬁggaogggggﬁtilgl%ggﬁjge&h%r?s&gérﬂ%r@?ﬁﬁﬁagé%asn gﬁ)‘/} avi ng
the functi & BOPpapdidecapeadydr byed opaseus idrgemne (hgur ithieed i1 tRach of
the other fpl{grspeTfPVydedMiive heol NHPaBLG ST Erhald IBYELe Bl @

i ncludes the pore, in the pore dianeter raage %Liabout %? to 300 angstrons,
which is sRTMEehf 8y s 0P BERG 1¢adeotn BT REpSMich eIPYRLE 168 ng abl e

to adsorb JUrd réRYHnt @Rt the Pedgdees tics shyferhoroljecthgastherke
cleaned by the filter of t.he invention IS.QﬁL ilﬁ\te to onI% hhe air. The
r-fREF c

filter of 4% $h¥ehli &A6 dLPFIRLE Bets X t Odadtsl GHch2Ss R t rogen
gas and ar garh@msmawbircle fafrec i eé epabley tiead thet hé rmpedfmedbie pore

sem conductQ e n S hnds fi and Y
accordi ng thog‘{ﬂggian\sgrz]t%i %%Hﬁﬁtaglé%ﬁ‘%%so%%é“r&% g\%’%%uggédrljsgggﬁinée

prot ecti on tdfd i Eneedyi athepdofphyThealldst gdsordime gheawusooargiamic

cont ai ni ng hl org 5 p ' und of
80ng/n{errf' méfg ?egéncéﬁgﬁhgﬁgﬁe% gg?%ﬁ %?}%%$ﬁgaﬁ§ﬂgiggggbgtﬁgg?ﬁre of

the filter bithaknengapicsmategiignhi kavarerhdich dyglydes thespodd@sdmpti on

| ayer) thatyle plodreTed al tfd X irR gld18 FPONERT P4 18 00" 2#h pRirios ,MyRarc] to
t he honeyconb str, c% re surface wi.th a silica sol as g binder. . The
honeycond k& uRREEABAR (FOT f AREOT b s BASEAMS cOF BBPGSni LIPRFAEA8S:| ayer

whi ch i ncl udass theihir @b ladsos padsorbayarcisi mparitd eishat of the filter X

o0, 1 SEon, OB 4T SERL RIS PLIEAPIEL] d0¥e 13 ST GEna

adsorption fliayeer of the invention is not limited to only the air.
The filter of the invention is applicable to other inert
gases such as nitrogen gas and argon gas, which are
preferably used in the manufacture of semiconductor
devices and LCD’s as well.

Two kinds of filters X and Y according to the
invention are tested in order to evaluate respective
protection efficiency thereof. The test gas is the clean
room air containing hydrogen chloride gas of 50vol ppb and
gaseous boric compound of 80ng/m® (weight concentration
of boron B). The honeycomb structure of the filter X has
the first inorganic material layer (the first adsorption
layer) that is formed by fixing the powder of the
fraipontite mineral to the honeycomb structure surface
with a silica sol as a binder. The honeycomb structure
of the filter Y has a double inorganic material layer,
which includes the first adsorption layer similar to that
of the filter X, and the second one (the second adsorption
layer) that is formed by additionally fixing the powder
of silica gel to the surface of the first adsorption layer.
Both of honeycomb structures are formed of ceramic fiber



"Bot h :of honeyconb structures are fornmed of ceram c. fiber FTNK98003/ SG
69/ 89 that is made of alumi na and silic acid. The first adsorption
layer of edINEBIOP8HMD structure is fornmed by i mrersing the honeﬁ@
structure in a suspension in which the powder of the fraipontite m neral
and an inorganic binder are dispersed, and then drying it. The second
~adsorption |ayer of the honeyconb structure for use in the filter Yis
formed Y WHELSU0 hRGN 00y Gty £l 4 et ©s3hieady Ay 10 fle Kl
adsorption 1Tayér “in a suspension I'n ﬁ er of silica gel 'S

di sper sed, %dmlorhénodjrilamgrl of eatrhth@navuc@dxbcmté‘swcfdﬁ%@ itutfiogied bhese
filters X I [ lter Y
Nos. of Adzigﬁ)t}‘on ? €hé honeyc?mb :’sH‘ﬁEture 1n £ sgs‘eﬂréﬂ%{)o% 1Dne;]v§1|1tc§i '
Honeyconb qg@pgﬁp§rﬂf tkplﬁgpéﬁpgmqte mlnera an an 1norgan1ch|ght

Ratio of Hyeygesbare diss@Psediueiid then drying 1tfﬁrTméu@©cHQnEy00ﬁb
w o Adsor pt Fr.ai pont,i.;te C ay

M ner al agg%ﬁpt)lo‘lmﬁagfe:gzeﬂfv&h?%oneygomb iE{/EFturey%ofs‘t‘Sﬂd’s%r e on
179&M¢ ) flltéSQWMﬁs)formddn&y(ﬁhmenalﬁglxhe hdirely dolmbr ptirac ture

26 show ng adllfgg C]i'l%X[‘]P{g tﬁge#?glﬁls%%g?k)tlt% &% J\P"i’n re%ﬁrshg%%f ch oo

cuits 27

“eval uati ng imerlpi ohetheopoeileirciodney ldfca hee t |i$e¢1,SDheS©|dr,c@|ntd ?Ihqlhcl udes
an obj ect fdxlst'?ﬁ toltbe ev hebed Wilhlgg e £ e §t17ﬁu’é'?‘8ﬁ not. tHsgircuit
70 is provi Wet H e contai ner |IIe tra-pure water
while the dﬁ*bhﬁrs7¥|&ﬁ¢w%wlded with anot her bubbl e container 73 al so

filled mnthréppesqne quallty ultra- pure wat er as the above. Both of
circuits 76—ana—7% ”F’ Iltlco aparttectt a“f*‘llter X Filter Y
Nos. of Adsorption Layer 1st layer 1st & 2nd Layers
Vol. Density of Honeycomb | 0.16g/cm? 0.18g/cm?
Constituent Weight Ratio of Hopeycomb
Structure
Honeycomb w/o Adsorption 48% (wt. ) 43% (wt.)
Layer
Fraipontite Clay Mineral 35% (wt. ) 3% (wt.)
Layer
1st Adsorption
. 15 t.
Layer(Silica Sol) 17% (wt. ) (wt.)
2nd Adsorption
- 1 .
Layer(Silica Gel) 0% (wt.)

Now, referring to Fig. 26 showing a test circuit
which consists of two circuits 70 and 71 for evaluating
the protection efficiency of the filter, the circuit 70
includes an object filter to be evaluated while the
circuit 71 does not. The circuit 70 is provided with a
bubble container 72 filled with ultra-pure water while the
circuit 71 is provided with another bubble container 73
also filled with the same quality ultra-pure water as the
above. Both of circuits 70 and 71 includes a particulate
filter 74 made of polytetrafluoroethylene (trade name:

Teflon) which causes no desorption of any gaseous boric



‘filter 74 nade of polytetrafluoroethylene (trade nane: Teflon) which causes
no desorption of anéﬁggseous boric FTNK98003/ SG

.70/ 89 c GTBYEAS above-nentioned test gas i.e. the clean r od89 r
respectively introduced to circuits 70 and 71, flows through bubble
container 72 and 73 causi ng bubbl es therein, during which hydrogen chloride
gas and gaseous boric conmpound are captured. The concentration of the bor on
captured i ure r tively

Radi o Fr GRS ga LS T b T CRANE MY LRR G 1 G Venbr et |

ef fici ency myom h@lnbregpefqut\eelvsméredmcreeh ty cbhphiitsg70hengudvity of

hydr ogen ChfPMvE'etlgﬁéuéﬁdb%?oqcél%oQPEéPnéP”‘PQUé‘HdCE?Jt@éﬁ‘S@n'g”bh'B% 1d£an
roomair after passing throu he circuirt 7 W | gquantity of the
sanme cont aj T@r ¢ Ny hdUEiae & hydrpeen nhde ngasgRndh8asieouit 71.

The aboverﬁﬁ&i@nedmbdmﬁﬁf%féaadptwyéﬂtesrnd WdﬂtdﬂmréesanbﬁuﬁHeas

arranged i the abov r.the follown test condltlons e;
Si ze of ho %HHQ§e1n7W%ﬁRWVp§ urm@ B ?ate(ﬁ
t he test gaEnducﬂlidhﬁ/rnObupledFacEadebOC|Fyequency PlasmarMhﬁs

AT Sanpli g%;gﬁé?glng'%rﬁfe( P M%)daysTPﬁ §lt%ct217 %fafigé’iaé)@%gfaeggroeto t he

Il lustrati nge W th ssage of tinme W
protection eifectefitytetr tl\sodmtletrelrlsne(ddnﬂ companinigl thei ayamtdriogert

chi ori de- 9agy d6gASCA HOLAE CREROUNEhd NeRERK YR 44 1Er s chniihn
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Yis appa”%%eytest circuit as arranged in the above under the
following test conditions, which are:

Size of honeycomb structure: 7.5mm(W) x 7.5mnm(H)x

50mm (D)
Flow rate of the test gas : 4.1 lit/min
Face velocity i 1.2m/s
Air Sampling duration : b days

Fig. 27 is a graphical illustration showing the
change with the passage of time with regard to the
protection efficiency of two filters X and Y when
filtering hydrogen chloride gas and gaseous boric
compound thereby. Two filters X and Y indicate not so
remarkable difference with regard to their protection
efficiency against hydrogen chloride gas until all the
metal components (zinc or magnesium) contained in the
fraipontite mineral are thoroughly spent for chemical
reaction with hydrogen chloride gas, in other words, until
the fraipontite mineral completely loses its adsorptive
function. - With regard to the protection efficiency
against the boric compound, the filter Y is apparently
more excellent than the filter X in view of their
protection efficiency change with the passage of time.



‘nore sexcellent than the filter X in view of their protection efficiency
change with the passage of tine. FTNK98003/ SG

.71/ 89 Eﬁﬁgﬁ e the filter Y includes silica that exhlblﬁgﬁgirong
affimty for t he gaseous boric conmpound, in both of its first and second
adsorption layers, so that the filter Y includes nmuch silica in total than
the filter X Accordingly, it will be understood that the filter Y
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Ther ef or e, %fﬁefllter 111 may renpve gaseous inorganic inpurities and

gaseous organi ¢ inpurities as well. The clean roomis desi ned such that
the object air islmitkel aead.t phauginnetiencand soifaod af Ahearcd ean
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m ner al e adsorbent 1s 500Kg far |ng bject air
circul ati ngoﬁtaa P&ﬁ’@ddfm%@bo?rfépﬂdllrﬂgw t‘i’ nt ?héPWH’sono 1Kg at a rate of
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measur ed usl pi ece,” whi'ch'i’s i'con me substra covered
with a (honeycomb structure), whlch is prov1ded with the

inorganic material layer that is formed by fixing a
mixture of the powder of the fraipontite mineral and the
powder of the inorganic binder to the surface thereof.
Therefore, the filter 111 may remove gaseous inorganic
impurities and gaseous organic impurities as well. The
clean room is designed such that the object air is
circulated through the clean room 100 at a rate of
5000m3/min. The quantity of the powder of the
fraipontite mineral as the adsorbent is 500Kg for dealing
with the object air circulating at a rate of 5000m3/min,
in other words, 0.1Kg at a rate of 1m*/min. Two sorts of
gas analyzers are arranged inside the clean room, one for
measuring the concentration of HCl gas and the other for
measuring the —concentration of NH; gas. The
concentration of these two gases contained in the clean
room air is repeatedly measured every one month.
Furthermore, the contact angle is measured using a test
piece, which is a silicon wafer substrate covered with a
silicon dioxide film free from any organic contaminant
deposited thereon. The measurement is carried out by



“silicon dioxide filmfree from any organi c contam nant deposited thereon.

The measur I ed out by FTNK98003/ SG
.72/ 89 ﬁ%@gﬁém pi ece in the clean room and exposing it 1289 he

obje6tive clean roomair for a predeterm ned period of tine. Mor e
specifically, the contact angle is nmeasured imediately after rinsing
the test piece,. and al so neasured after exposing it to the clean roomair
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measur enment cg r ement
rous activate charcoal to the nonwoven fabric

supporter made of polyester, using a proper binder, the
second one being formed by fixing activated charcoal
particles to the supporter made of the air permeable
urethane foam, using a proper binder, and the third one
being formed by fixing ion exchange fiber to the supporter
made of polyester, wusing a proper binder. The
measurement is carried out in the same way as mentioned
above. That is, the concentration of HCl and NH, gases
contained in the clean room air is repeatedly measured
every one month. The contact angle is measured using a

mafer

test piece, which is a silicon wafer substrate covered
with the silicon dioxide film free from any organic
contaminant deposited thereon. The measurement 1is
carried out immediately after rinsing the test piece, and
also after exposing it to the clean room air for 12 hours,
thereby determining increase in the contact angle caused
by the 12-hour exposure. This 12-hour exposure and
measurement cycle i.e. rinsing - measurement of contact
angle - 12-hour exposure - measurement of contact angle,
is repeated every one month.  The quantity of each



“angle - 12-hour exposure - neasurenent of contact angle, is repeated every
one nont h. The qgantity of each FTNK98003/ SG

.73/ 89 afINKOBO03/SG. “fibrous activated charcoal, activated?®88 coal
partfcles, and ion exchange fiber, is nmade equal to the case of the filter
111 i.e. 0.1Kg at an air flowrate of Inferr]/mn. Furthernore, the
concentration of HCL and NH3 gases and the contact angle are neasured with
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gas exceeded 0.05ppb after the passage of one year, due
to the decrease in the adsorption function of the filter.

The concentration of NH; gas is in the range of 5
to 10ppb in the clean room which is provided with neither
the filter 111 nor the prior art chemical filter. On one
hand, the concentration of NH, gas is kept in the range
of 0.5 to 1. 0ppb while the clean room provided with either
the filter 111 or the prior art chemical filter is operated
for one year. However, the concentration of NH; gas
exceeded 1. 0ppb after the passage of one year, due to the
decrease in the adsorption function of the filter.

For comparatively studying the change with the
passage of time with regard to the contact angle, the test
piece is exposed to the air circulating through three
kinds of clean rooms as described above, namely the first
one being provided with the filter 111 including the
powder of the fraipontite mineral, the second one being
provided with the prior art chemical filter, and the third
one being prbvided with neither the filter 111 nor the
prior art chemical filter. The test is carried out
acgording to the above—-mentioned 12-hour exposure and



’priOP art chemcal filter. The test is carried out according to the

above- nenti - exposure and FTNK98003/ SG
74/ 89 né@gﬁ&gﬁﬁwaﬁgécle. After 12-hour exposure of the t&k/8%iece
to the air circulating through the clean roomthat is provided with the

filter 111 of the invention, the contact angle is changed to 4[err] from
the initial contact angle 3[err] that is obtained i mediately after rinsing

the test phﬁ@@su?@ﬂ%n%hqaﬁ9pé?0t angl e being increased by 1[err] in terns
of the net val ue one hand, after_ 12-hour exposure of the test
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impurities. hat is worse, such chemical filter includes
the material that would desorb gaseous organic impurities,
for instance the filter media (e.g. a nonwoven fabric
etc.), the adhesive (e. g. neoprene resin, urethane resin,
epoxy resin, silicone resin, etc.) for fixing the
activated charcoal to the filter media, and the sealing
member (e.g. neoprene rubber, silicone rubber etc.) for
securing the filter media to the peripheral frame thereof.
Consequently, gaseous organic impurities desorbed
therefrom are mixed up with the air once cleaned by passing
through the chemical filter on its downstream side, which
may cause such a large increase of 10° in the contact angle
after 12-hour exposure. Contrary to this, the filter 111
can remove not only gaseous inorganic impurities but
gaseous organic impurities. Furthermore, as briefly
mentioned in connection with the method for manufacturing
the filter 111, it includes no organic material desorbing
gaseous organic impurities. This is the reason that the
contact angle is increased only by 1° in terms of the net
value.

After 12-hour exposure of the test piece to the air



val ues After 12-hour exposure of the test piece to the air
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case of the filter 111 of which both of the first and second
adsorptive layers include silica having strong affinity
for the gaseous boric compound, such filter can continue
to remove the gaseous boric compound for a comparatively
longer time. On one hand, the prior art chemical filter
may remove gaseous inorganic impurities, but can not
remove gaseous organic impurities. ‘To make the matter
worse, it disadvantageously works as the new contaminant
source by itself. Furthermore, advantage of the filter
111 of the invention exists in its incombustibility. 1In
contrast, drawback of the prior art chemical filter exists
in its combustibility.

For comparatively studying performance of the
particulate filter, the clean room as shown in Fig. 16 is
additionally provided with two kinds of particulate
filters, one excluding any material desorbing gaseous
organic impurities and the other including at least one

- material desorbing gaseous organic impurities. Both of
particulate filters are installed on the downstream side
of the filter 111. Cleanliness of the filtered air
circulating through the clean room is eValuated by



of the filter 111. Cleanliness of the filtered air circulating through
the clean room is evaluated by FTNK98003/ SG

76/ 89 el ENEARP08/ARGchange with the passage of time with regar J6/89t he
contact angle. The test is carried out according to the above-nenti oned
12- hour exposure and neasurenment cycle. After 12-hour exposure of the test
piece to the air circulating through the clean room provided with the
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rengancse AL, f1ST YRR, M e (B, TARO5 A4 S RaR e O
Sderr] is nnpamu&demtr1@aspaethandfomﬁter 12-hour exposure of the
test piece to the air circulating through the clean room
provided with the particulate filter including the
material desorbing gaseous organic impurities, the
contact angle is increased by 3° from the initial contact
angle 3° . It is considered that the 1° among the
increase of 3° might be caused by gaseous organic
impurities that the filter failed to remove, but the
remaining 2° is possibly caused by gaseous organic
impurities originating from the particulate filter.
Fig. 28 is a comparative graphical illustration
indicating the change with the passage of time with regard
to the protection efficiency against sulfurous acid gas
S0, of several filters of the invention, in which there
~is varied the mixing ratio (weight) of the powder of the
fraipontite mineral and the powder of manganese dioxide.
As shown in the figure, the change with the passage of time
with regard to the protection efficiency against
sulfurous acid gas SO0, is measured with respect to four
filters Al, A2, A3, and BO. The filter BO is prepared and
measured just for making comparison more clear—-cut. The



filters Al, A2, A3, and BO. The filter BOis prepared and neasured just for

maki ng co | re clear-cut. The FTNK98003/ SG
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contained in the object clean room air: 900vol ppb; Rate

of filtration (face velocity): 1.2m/s; Temperature: 23C;

and Relative humidity: 45%. The concentration of S50, gas

in the clean room air is typically around 5vol ppb, so that

the above-mentioned high concentration i.e. about 140

times of the ordinary one, is an intentionally selected

overload just for the purpose of acceleration.

Table 5
Components Held on Honeycomb Structure (Wt. %)
A, A, A, B,
Fraipontite mineral 28.2 24.2 18. 8 34.0
Manganese oxide 5.6 9.7 1.5 0.0
Binder 1 13.5 13.5 13.5 13.5

From the Fig. 28, it will be understood that removal
of SO, gas can be made possible by mixing manganese dioxide
having the function of oxidizing sulfurous acid gas S0,,
with the fraipontite mineral. In this case, however,
mixing manganese dioxide with the fraipontite mineral
does not cause any ill influence to the function of the



mi xi ng manganese dioxide with the fraipontite mineral does not cause any
i1l influence to the function of the FTNK98003/ SG

.78/ 89 fr’?B@&ﬂqqggﬁﬁﬁneral i.e. the function of adsorbing acid g&8% such
as hydrogen chloride, hydrogen sulfide, boric conmpound, and hydrogen
fluoride. Fig. 29 is a conparative graphical illustration show ng

the change with the passage of tinme with regard to the protection
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with potassium carbonate to an air permeable urethane mat.
A filter B2 is also an ordinary chemical filter including
a honeycomb structure that is formed of activated charcoal
fiber impregnated with potassium permanganate. All the
filters as used in the above are made to have a depth of
50mm. The condition for filtering SO, gas is as follows.
Concentration of S0, gas contained in the object clean
room air: 800vol ppb; Rate of filtration (face velocity):
0.9m/s; Temperature: 23°C; and Relative humidity: 45%.

S0, gas makes a neutralization reaction with neither
potassium carbonate of the chemical filter Bl nor zinc (or
magnesium) of the filter BO, so that the protection
efficiency against S0, gas of the filter Bl is reduced to
50% or less after only 900-hour filtration of the clean
room air containing S0, gas of 5vol ppb. In case of the
filter B0, its protection efficiency against SO, gaé of
the filter B0 is also reduced to 50% or less after only
600-hour filtration of the same. On one hand, potassium
permanganate of the chemical filter A4 of the invention
and the prior art chemical filter B2 oxidizes S0, gas to



‘per manganate of the chemcal filter A4 of the invention and the prior art
chemcal filter B2 oxidizes S err] gas to FTNK98003/ SG

79/ 89 t rERDKASA03/SGnt o sul furic acid, so that the protection €f9/88i ency
agai nst SO[err] gas of the filter A4 and the sane of the filter B2 are
respectively reduced to 50% or |ess after 7000-hour and 2600- hour
filtration of the clean roomair containing SO[err] gas of 5vol ppb I n
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showing the change with the passage of time with regard
to the protection efficiency against hydrogen chloride
gas by the filter according to the invention and some other
ordinary chemical filters. 1In the figure, a filter A is
formed according to the invention by fixing the powder of
the fraipontite mineral and the pdwder'of manganese oxide
to the honeycomb structure surface, using the inorganic
binder. A filter Bl is an ordinary chemical filter that
is formed by fixing the powder of activated charcoal
impregnated with potassium carbonate to an air permeable
urethane mat. A filter B3 is also an ordinary chemical
filter including a honeycomb structure that is formed of
activated charcoal fiber impregnated with potassium
carbonate. All the filters as used in the above are made
to have a depth of 50mm. The condition for filtering
hydrogen chloride gas is as follows. Concentration of
HC1 gas contained in the object clean room air: 2 to 3 vol
ppb; Rate of filtration (face velocity): 0.9m/s;
Temperature: 23°C; and Relative humidity: 45%. From the
figure, it will be understood that the filter A of the
invention is superior to chemical filters Bl and B3 in



figure, it will be understood that the filter A of the invention is

superior to chemical filters Bl and B3 in. FTNK98003/ SG
80/ 89 r SEPNEKIBHO3(FE protection efficiency against hydrogen chi&V8%e
gas. - Fig. 31.is a conparative graphical illustration indicating the

change with the passage of tinme with regard to the protection efficiency
agai nst hydrogen sulfide gas by the filter according to the invention and
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activated charcoal fiber impregnated with potassium
carbonate. All the filters as used in the above are made
to have a depth of 50mm. The condition for filtering
hydrogen sulfide gas is as follows. Concentration of
hydrogen sulfide gas contained in the object clean room
air: 900 vol ppb (intentional overload for acceleration):;
Rate of filtration (face velocity): 0.9m/s; Temperature:
23°C; and Relative humidity: 45%. From the figure, it
will be understood that the filter A of the invention is
by no means inferior to chemical filters Bl and B3 in
respect of the protection efficiency against hydrogen
sulfide gas.

Fig. 32 is a comparative graphical illustration
showing the change with the passage of time with regard
to the protection efficiency against gaseous boric acid
(H;B0,) and boron trifluoride gas (BF,;) of the filter A
according to the invention. This filter A is formed by
fixing the powder of the fraipontite mineral and the
powder of manganese oxide to the honeycomb structure
surface, using the inorganic binder. A filter B5 is
formed just for comparison by fixing only the powder of



*surface, using the inorganic binder. Afilter B5 is fornmed just for

conparison b f|X|n% only the powder of FTNK98003/ SG
81/ 89 é @e to the honeyconb structure surface, umlnfM@%
inorganic binder. The condition for filtering gaseous boric acid

(Herr]BO[err]) and boron trifluoride gas (BF3) is as foll ows.
Concentration of gaseous boric acid (Herr]BO[err]) and boron trifluoride

BF3
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safety ordinarily contained in the clean roomair. Furthermore,

it will be seen from the graph of Fig. 32 that the
protection efficiency against gaseous boric acid (H,;B0,)
of the filter B5 is considerably low in comparison with
that of the filter A. Accordingly, it can be determined
that existence of the powder of the fraipontite mineral
pushes up the protection efficiency against gaseous boric
acid (HsB0;) to a great extent.
Possible Application of Invention in Industries

The filter according to the invention and the clean
room using the same, remove both of gaseous inorganic and
organic impurities which cause the substrate surface
contamination, thereby producing the preferable
atmosphere suitable for manufacturing semiconductor
devices and LCD’s. Furthermore, the invention makes it
possible to form the filter that may be constituted only
with incombustible materials, except the case of using
permanganate. Thus, the filter can answer for the safety
requirement from the disaster protection standpoint.

The filter according to the invention and the clean



requizenent fromthe disaster protection standpoint. The filter
accordi ng E)ﬁ Hig i nve t| on and the clean FTNK98003/ SG

82/ 89 same, can renove not only both of acid andB3/88
basi ¢ i norganic i rrpurl t| es but also organic inpurities. This contributes
to reduction of the volune of adsorptive |ayer, the pressure drop of the
filter, the cost for manufacturing the adsorptive |ayer, etc. Especi ally,
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83/ 89 i 1 A [o]0] R
supporter an ?queqn B'Dtr}rla%oéfr |falr}ﬁta)7’ orag +f53ﬁ§ B&Fgflla)y%sthe
powder of t‘h‘% thei ﬁéllttletre iherizicreashd Quuraframet!)fofheﬂ;mppomtaesr iusing
t he powder Qfoﬁ@c*tﬂ%&lgé'f'chﬁ@?éﬁ%f‘ﬁse PhB98Sseous boric compound
less changed with the passage of time, so that the lifetime
of the filter against the gaseous boric compound can be
considerably prolonged.
Furthermore, the filter according to the invention
and the clean room using the same, can remove sulfur oxides
S50x which might give an unfavorable influence to the
manufacture of semiconductor devices, liquid crystal
substrates, magnetic record media, and so forth.



"2. sAn air filter conprising—a supporter, a first inorganic naterial

| ayer forngﬂggﬁg%gﬁ ﬁg er of m neral and the powder of an
Jnorganic 32Ga i ndHl Hﬂm mHH“‘l norganic material |1&8/89
fornmed of the powder of an in CL'Sue sbance wherein either the first

inorganic material layer or the second inorganic material layer is directly
fixed to the surface of the supporter, and the renmai ning inorganic nmateri al

| ayer iszuwﬂétogglbﬂafﬁ@@ $;the surface of the first fixed inorganic
mat eri al Iayer An alr tilter conprising a supporter and a | ayer

formed of a plurality of pellets fixed to the surface of the supporter,
wherei n thel pel | efn i safPr neg] Py rpeklbogipr $'th @ naxtyﬁﬁ ehte*}e raqlvrperarpf the

frai pontite, mneral, and the, 8? er of a I nor gapi c sa tance as a hi nder.
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n ner al osq‘pﬁ% gﬁ\%ér ug‘fl %‘f QB0 LEaR16i RHRS AL 25 hen
coated\Mtrathenﬂemder of an |norgan|c substance or the pellet is first
formed by pelletizing the powder of an inorganic substance and is then

coated with the powder of the fraipontite mneral, using the powder of an
i nor gani ¢ Sbst adde 8dra Bidder comprHmIK9B0OGR/ SGpporter, a first

84/ 89 5. f r g ngefi d h hurality
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is first forhhedein either the first inorganic material layer or the
second inorganic material layer is directly fixed to the
surface of the supporter, and the remaining inorganic
material layer is additionally fixed to the surface of the
first fixed inorganic material layer.

3. An air filter comprising a supporter and a layer
formed of a plurality of pellets fixed to the surface of
the supporter, wherein the pellet is formed by pelletizing
a mixture of the powder of the fraipontite mineral and the
powder of an inorganic substance as a binder.

4. An air filter comprising a supporter and a layer
formed of a plurality of pellets fixed to the surface of
the supporter, wherein the pellet is first formed by -
pelletizing a mixture of the powder of the fraipontite
mineral and the powder of an inorganic substance as a
binder and is then coated with the powder of an inorganic
substance, or the pellet is first formed by pelletizing
the powder of an inorganic substance and is then coated
with the powder of the fraipontite mineral, using the
powder of an inorganic Substance as a binder.



the powder of the fraipontit he powder of an inor n|c
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an inorganic material |ayer that |s forned by fixing a mxture to the
surface of the supporter, wusing an inorganic substance as a binder, the
m xture consisting of the powder of the fraipontite mneral and the powder
of manganesg oxi dg,ape/l.o A gﬁﬂﬁg Qe it {{gi Qg a
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m neral, using the powder of an inorganic substance as a binder and is then

ith,th r .of an
coated wit 6. "€ pﬁmdeal(l)* 1 esecé)lﬁ(f)g?s??l%/ a supporter and an

“by pel | etizing the powder of an moriitm m ance and is then coated with

inorganic material layer that is formed by fixing a
mixture to the surface of the supporter, using an
inorganic substance as a binder, the mixture consisting
of the powder of the fraipontite mineral and the powder
of manganese oxide and/or permanganate.

7. An air filter comprising a supporter, a first
inorganic material layer formed of the powder of the
fraipontite mineral and an inorganic substance as a binder,
and a second inorganic material layer formed of the powder

of manganese oxide and/or permanganate and the powder of
an inorganic substance as a binder, wherein either the
first inorganic material layer or the second inorganic
material layer is directly fixed to the surface of the
supporter, and the remaining inorganic material layer is
additionally fixed to the surface of the first fixed
inorganic material layer.

8. An air filter comprising a supporter and a layer
formed of a plurality of pellets fixed to the surface of
the supporter, wherein the pellet is formed by pelletizing
a mixture of the powder of the fraipontite mineral and the
powder of manganese oxide and/or permanganate, using the



the pellet is first forned by owder of manganese

.and/ or perr%ﬁgmg /Rfai ng the i'norgani ¢ substance a§%zé% nder
and i*s then coated with the powder® of" the fraipontite mneral, using the
powder of an inorganic substance as a binder. 10. An air filter conpri sing
a casing filled up with a plurality of pellets, wherein the pellet is first
formed by nEdygbbzot0 b MadrEenct Wb sles a5 Ehefdggpontite mneral
and the powder o manganese OXl| e and/ or pernmanganate, using the powder of
an inorgani c substance as a binder, or first fornmed by pelletizing the
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<perrna.nganate usi ng the powder of an“l nﬁa\jg% substance as a binder, or
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10. An air filter comprising a casing filled up with a
plurality of pellets, wherein the pellet is first formed
by pelletizing a mixture of the powder of the fraipontite
mineral and the powder of manganese oxide and/or
permanganate, using the powder of an inorganic substance
as a binder, or first formed by pelletizing the powder of
the fraipontite mineral, using the powder of an inorganic
substance as a binder and is then coated with the powder
of manganese oxide and/or permanganate, using an
inorganic substance as a binder, or the pellet is first
formed by pelletizing the powder of manganese oxide and/or
permanganate, using an inorganic substance as a binder and
is then coated with the powder of the fraipontite mineral,
using the powder of an inorganic substance as a binder.

11. An air filter claimed as claim 1, 2, 3, 4, 6, 7, 8,
or 9, wherein said supporter is a honeycomb structure.

12. An air filter claimed as claim6, 7, 8, 9, or 10 wherein
said manganese oxide is either tri—manganese tetraoxide
(Mn,;0,) or di-manganese trioxide (Mn,0;) or manganese



“one of talc, kaolin mineral, -bentenite—diatonrearth, silica, alunmna,

m xture of _sil] | um na, al um Il e, . activated alun
.porous gl mﬁﬁg)&g&@d mgneﬁ!‘“ﬁﬂﬂiﬂl&]ﬂmy m neral having ag‘é&?stal
structure of the ribbon typgHee +Clay, and activated
bentonite. 15. An air filter clained as claiml1, 2, 6, or 7, wherein said
I norganic material |ayer may include an inorganic adhesion assisting agent.
16. An air fsidifde CkRhoEY, @s claim3, 4, 5 .8, 9, or 10, wherein said
pel | et may include an i Aorganic adhesion assisting agent. 17. A nethod for
manuf acturing an air filter conprising the steps of: I ersing a
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magnesium silicate c¢lay mineral having a crystal
structure of the ribbon type, activated clay, and

activated bentonite.

15. An air filter claimed as claim 1, 2, 6, or 7, wherein
said inorganic material layer may include an inorganic
adhesion assisting agent.

16. An air filter claimed as claim 3, 4, 5, 8, 9, or 10,
wherein said pellet may include an inorganic adhesion
assisting agent.

17. A method for manufacturing'an air filter comprising
the steps of:

immersing a supporter in a suspension in which the
powder of the fraipontite mineral and the powder of an
inorganic substance as a binder are dispersed as the
suspensoid, and drying the supporter impregnated with
the suspensoid, thereby forming an inorganic material
layer fixed to the surface of the supporter.

18. A method for manufacturing an air filter comprising
‘the steps of:

immersing a supporter in a suspension in which the
powder of the fraipontite mineral and the powder of an



“drying the supnorter regnat ed with the suspensoi d, thereby
formng the second |norgan|c ul ed to the surface of the
first inor FANKIRAO¥BGI | aye I"ﬂ" "Iﬂﬂﬁl I“mg sai d second i nor g8W89
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formng said first inorganic material |ayer so as to be fixed to the
surface of said second inorganic naterial Iayer 19. A nethod for
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supporter in a uspens on in e po al pont i e nlnera
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i mpregnat ed gy et § hort he suspensoid, thereby formng the second inorganic

mat eri al . . .
forming said second inorganic material layer so as

to be first fixed to the surface of the supporter, and

forming said first inorganic material layer so as
to be fixed to the surface of said second inorganic
material lavyer.

19. A method for manufacturing an air filter comprising
the steps of:

immersing a supporter in a suspension in which the
powder of the fraipontite mineral, the powder of manganese
oxide and/or permanganate, and the powder of an inorganic
substance as a binder are dispersed as the suspensoid, and

drying the supporter impregnated with the
suspensoid, thereby forming an inorganic material layer
fixed to the surface of the supporter.

20. A method for manufacturing an air filter comprising
the steps of:

immersing a supporter in a suspension in which the
powder of the fraipontite mineral and the powder of an
inorganic substance as a binder are dispersed as the
suspensoid, '

drying the supporter impregnated with the
suspensoid, thereby forming the first inorganic material
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iIayer; fixed to the surface of H%ﬁ flrst |norgan|c nateglaL Iaye¥ oa ]
form ng sai gnSefo rganlc mm as to be first fixed to the
surfacg(ﬁ ﬁ (niy , and % I "uﬂmflrst i nor gani ¢ meA%BPal

| ayer so as to be flxed to the surface of “shi d second inorganic materi al
layer. 21. A high efficiency air cleaning apparatus for keeping a specific
space or roomat a level of required cleanliness, conprising an air

ci roul ati on pash, ¢4 ldd teg fﬁ&'%‘ﬁgﬂaﬂi&'@fﬂﬂe Suphoser; 6 7. 8 9. or
10, and a particuljate filter, sai ter bEInﬁ tal [ €d’ on a proper
portion of thesnkﬁ%eﬁﬁlpgoﬁ anSUBRPY tedr tY EtRatdef ifins t bdineg ganheged on
t he upst reamageﬂeaqf Ispy ¢lr spacey ogugﬁgﬁ}sqr@qll gfhtpglgq;lwlrﬂférﬁgglﬁgldeopf sai d
filter, where sai d spa r omis cleane atin
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particul at e ﬁébéﬁ '€ installed on the ceiling portion of said space or
room ’

drying the supporter impregnated with the
suspensoid, thereby forming the second inorganic material
layer fixed to the surface of the first inorganic material
layer; or

forming said second inorganic material layer so as
to be first fixed to the surface of the supporter, and

forming said first inorganic material layer so as
to be fixed to the surface of said second inorganic
material layer.

21. A high efficiency air cleaning apparatus for keeping
a specific space or roomat a level of required cleanliness,
comprising an air circulation path, a filter recited in
claim 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10, and a particulate
filter, said filter beihg installed on a proper portion
of the space or room, and said particulate filter being
arranged on the upstream side of said space or room and
on the down stream side of said filter, whereby said space
or room is cleaned by circulating the air therein through
said air circulation path.

22. A high efficiency air cleaning apparatus as claimed
in claim 21, wherein said filter and said particulate
filter are installed on the ceiling portion of sa1d space
or room.



