FTNK98004 1/101 AIR FILTER, METHOD FOR MANUFACTURI NG THE SAME AND HI GH
EFFI Cl ENCY Al R CLEANI NG APPARATUS USI NG THE SAME Technical Field The

presgent ig%ﬁ@&gﬁg relates to an air filter used in a high efficiency air

cl éani ng s, such as a clean room. a clean bench, a storage neans
(stocker), etc., for renoving gaseous inorganic and/or organic ilfpdtities
contained in the atnosphere in the high efficiency air cleaning apparatus.
The invention also relates to a nethod for manufacturing the air
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products, on whic a.greqFtern1ned clrcujt Ii alﬂeagy qﬁ;ned, forced to be

kept i nsi §@F@1ped 1n the atmosphere in the high~” efficiency air
cleaning apparatus. The invention also relates to a
method for manufacturing the air filter and further
relates to the high efficiency air cleaning apparatus, the
device or the like provided with the filter manufactured

according to the method.

Background Art .

In these days, when semiconductors and LCD panels
are manufactured, a high efficiency air cleaning apparatus
is generally used. For instance, the production line for
a semiconductor from a bare wafer to 1 megabyte DRAM chip,
includes about 200 steps, and the production line to
produce 9.4-inch TFT type LCD panel from solid glass -
includes about 80 steps. In these production lines, it is
difficult to transfer . wafers _and glass substrates
consecutively and continuously to next process. For
instance, in the TFT-LCD production line, it is not rare
to see half finished products, on which a predetermined

: circuit is already formed, forced to be kept inside of a
carrier or a stocker, while being exposed to the inside
atmosphere for several to several tens of hours until they
are transferred to the next manufacturing stép. .
As stated above, when a semiconductor substrate or a
LCD substrate is kept in an. atmosphere of an ordinary'
clean room for a long time, gaseous impurities contained
in the room would be deposited on the surface thereof.
Recently, acid substances, basic substances, organic
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rmance Logic  Process” of Technology Transfer
#95052812A-TR publicized by SEMATECH on May 31, 1995,
these acid substances, basic substances, ~organic

substances and dopants are called chemical contaminants
and respectively defined as follows.

“acid substance” : a corrosive substance to react
chemically like an electron acceptor. (hydrofluoric acid
HF, sulfur oxides SOx, nitrogen oxides NOx, etc.).

“basic substance” : a corrosive substance to behave
chemically like an electron donor. (ammonia NH,, amine,
etc.).

“organic substance” : a substance having a boiling point

higher than normal temperature under normal pressure,
condensing on a cleaned surface. _ '
(siloxane, phthalate, HMDS, BHT, etc.). _
“dopant” : chemical element to give ill influence to an
electrical performance of the semiconductor device. (Boron
B, phosphorus P).
Table 1 is a list of the allowable concentration
~ (ppt) of the chemical contaminants required for 0.25 u
process (after ’98), which is disclosed in the article
- entitled “Forecast .of Airborne Molecular Contamination
Limits for the 0.25 Micron High Performance Logic Process”
of Technology Transfer #95052812A-TR published by SEMATECH
(U. S. A) on May 31, 1995. The value in percentage shown
in the bottom of the allowable concentration (ppt) shows
the reliability of each allowable concentration value.
The table shows the allowable concentration of the
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contam nants$ in _clean space o ur sem conduct or production praqcesses
havi ng secodidninamiteal idorsariapayteql that acid substances of about

100ppt-1, 000ppt, basic '~ substances of about 1,000ppt-

10, 000ppt, organic substances of about 1,000ppt—10, 000ppt,

and dopants of about 10ppt-100ppt, respectively are
- contained in such atmosphere.

Table 1
Process Max.sta |Acidic Basic Organic Dopant
ndby substance | substance |substance
hour " .
Pre-gate 4 13, 000 13, 000 1, 000 0.1
oxidation 50% 50% 75% 90%
Salicidati {1 180 13,000 35, 000 1, 000
on 50% 25% 75% 75%
Contact 24 5 . 13, 000 2, 000 100, 000
formation _ 50% 25% - | 75% 75%
Photo- 2 10, 000 1, 000 100, 000 10, 000
lithograph 75% 90% 50% 50%
Yy

= When concentration of the chemical contaminants in
the atmosphere of the ordinary clean room not provided
with = any chemical profective measure against gaseous
contaminants, and the allowable concentration -of the
chemical contaminants in Table 1 are compared, it is found
that severe controls are required for the processes
stressed by underlines under the numerals of the allowable
concentrations (ppt). . That is to say, with regard to acid
substances, they should be controlled to less than 180 ppt’
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Such impurities as gaseous acid substance, basic
substance, organic substance, and dopant shown in Table 1,
cause problems if contained in various high efficiency air
cleaning apparatus for production of semiconductor
substrate and glass substrate, such as c¢lean room,
cleanbench and clean chamber, various scale of high
efficiency air cleaning apparatus such as stocker for
keeping clean products, and local high efficiency air
cleaning apparatus called mini environment. -

Among them, dopant shows a chemical behavior
resembling acid substance as water—soluble borate compound
or phosphorous compound, and a filter having a capability
to adsorb and remove gaseous acid substance can adsorb and
remove the dopant. As apparent from Table 1, simultaneous
removal of organic substance and dopant in the pre-gate
oxidation process, and simultaneous removal of acid
substance and organic substance are required respectively.

Though not mentioned = in  Table I, gaseous
contaminants generated in the photolithography process are
HMDS (hexamethyl disilazane) and its decomposition product
¢ besides ammonia. HMDS is a lipophilic substance to coat

on a wafer to improve affinity of a 1litho-film to a
silicon wafer and very easy to adhere to a surface (wafer,
lens, glass etc.). HMDS is hydrolyzed in a few days to
gasify into ammonia and trimethyl silanol. When trimethyl
silanol adheres to a lens or mirror thereby making the
surface thereof blur, it causes an exposure trouble during



stressed by underlines under the nunerals of the all owable concentrations
(ppt). That is to say, with regard to acid substances, they shoul d be
contgolleiﬁ@& ess than 180 ppt FTNK98004 4/101 in the salicidation
“process, p than 5 ppt in the contact formation process. As for
basic substances, they should be controlled to Iless than g/10ppb in
t he photolithographi c process. Wth respect to the dopant, it should be
controlled to less than 0.1 ppt for the pre-gate oxidation. process. As to
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resembl i ngg agd ¢l supstaNCerasc At eBosR! HRDS BREALPiRERRPYUNdilanol are
organic substances with no ionization and did not draw
much attention at the time of 1997. In a photolithography
process for manufacturing the gigabyte-capable device
having 0.18xm in line width, however, simultaneous removal
of base and organic substance is necessary.

" 0f the four chemical contaminants, three kinds of
contaminants, an acid substance, a basic substance, and
dopant, are soluble and they are apt to give rise to ion-
exchange reaction and neutralization reaction. As a means
for removing these three kinds of chemical contaminants
from the air in a clean space, there has been a method for
removing them by dissolving into aqueous 'solution using a
wet rinsing (scrubber rinsing) and a chemical adsorption
method wusing so-called chemical filter such as ion-
exchange fiber and a chemical impregnated activated
charcoal. = On the other hand, among four kinds of chemical
contaminants, majority of organic substances, do not
dissolve in water and a physical adsorption method ﬁsing
activated charcoal has been used to remove them from the
air in a clean space. '

Gaseous inorganic impurities of acid substance,
basic substance and dopant have been removed hitherto by
three methods, wet type rinsing, ion-exchanging, and
chemical impregnated activated charcoal, as described
above. o

The wet type rinsing is a method to dissolve and
remove the acid substances, basic substances, and dopants
by spraying droplets.
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binder of low melting point polyester or polyester non-
woven fabric, and the other type of chemical filters are
formed 'in the shape of a block or a sheet by firmly
binding particulate activated charcoal impregnated with
chemicals to an air permeable urethane foam or a non—-woven
fabric with a proper adhesive. These chemical filters
adsorb and remove gaseous acid substances and gaseous
basic substances by neutralization reaction with the
impregnating chemicals.

A chemical filter wusing an ion exchange fiber
performs ion—-exchange and removal of various ions, that is,
acid and/or basic impurities_contaihed in the air with a
filter made of an acid cation exchange fiber and a basic
anion exchange fiber in the form of a non-woven fabic, a
sheet, or a felt as its basic filter media.

However, in the case of the wet type air rinsing
system, an atomizer requires a rather large amount of
initial cost for installation thereof and it also requires
a considerable amount of running cost for the high
pressure loss of spraying, which can not be overlooked.
Furthermore, a clean room used for the production of a
semiconductor element (LSI) or LCD, is kept at 23°C to 25°C
with relative humidity of 40% to 55%.  Accordingly, when
the air in the clean room is circulated during wet rinsing,
it becomes necessary to adjust again the temperature and
humidity in the air after spraying to manage the
temperature drop and' the humidity increase after spraying.

In a@dition, a means to remove droplets remained in the
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have been renovegh i LRebho1BY dH&R cdBl R9USer, WRLilifdEr thBRIPSI-
I on- exchangi ng, and chem cal 1 npregnated act{ivated charc , as, descri bed
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subst ancesthdasiol lomisigandésadandtdgpants First, 'the disadvantage,
common to both types of chemical filters, can be cited.
For instance, as for a clean room in which the ceiling is
served as an air outlet of the clean air, it is extremely
effective for removal of gaseous impurities in the air
atmosphere in the clean room to install the chemical .
filter in the upstream side of the particulate filter
installed on the ceiling. However, activated charcoal is
a flammable substance specified by the Fire Service Act
and the ion-exchange fiber is made of very ignitable
material, which requires intensive caution for fire.
Accordingly, it is difficult, from a viewpoint of disaster
prevention, to install a chemical filter wusing the
activated charcoal or the ion—exchange fiber.

Furthermore, a chemical filter using the chemical-
impregnated activated charcoal has the following
disadvantage. A conventional cylinder case type chemical
filter has an advantage of high adsorption efficiency of
impurities, but has a disadvantage. of a high pressure loss
(ventilation resistance). The conventional chemical
filter in the form of a felt or a sheet has an excellent
air permeability, and its adsorption efficiency is not so
inferior compared to ‘the cylinder case type. However,
gaseous impurities desorbed from the constituents (for
instance, non-woven fabrie, organic binder, etc. ),
adhesives which fixes charcoal to the sheet (for instance,
neoprene series resin, urethane series resin, epoxy series



by spraying droplets. FTNK98004 6/101 A cylindrical case in which

particulate activated charcoal inpregnated with chemcals is filled up
_ a.desi ated case is known as the nost sinple configuration of a
chenlcal S|ng activated charcoal inpregnated with chem cal.

Chem cal fllters of other types are al so known." For instanceg/1®nhe type
of chemcal filters are nmade in the formof a felt by interweaving
chemical - inpregnated fibrous activated charcoal with an organi c bi nder of
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fabic, a ¢hemical-impregnated activated charcoal in the form of a
felt or a sheet removes very small quantity of acid or
basic impurities on the order of ppb contained in the
clean room, and dopant of ppt order, but it mixes gaseous
organic impurities, which are desorbed from the chemical
filter itself, into the air passing through. Many of
these chemical filters have been originally developed to
remove noxious gases or offensive odor in the residential
environment, and are diverted into the chemical filter for
the <c¢lean room. Consequently, 1its performance and
specification are designed to meet the standard of the
field of residential environment, and it is inadequate
from the first place to apply it to the air filter use for
removing very small quantity of gaseous inorganic
impurities, which causes the contamination of the
substrate surface during the production of  the
semiconductor device (LSI) or LCD. ‘ |

' A chemical filter using. chemical—-impregnated
activated charcoal is disclosed, for instance, in the.
Japanese 1aid—open patent No. Sho 61-103518. This filter
is made by immersing the base material made of urethane
foam into aqueous solution containing powdered activated
charcoal, emulsion type adhesive and solid acid, and being
dried. However, in this chemical filter, the desorption
of gaseous organic substances occurs from synthetic rubber
latex tipe and other water—-dispersion -type organic
adhesive as an emulsion type adhesive, and from the base
-materlal of the urethane foam itself.

On the other hand, the so-called chemical filter
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charcoal gAdskRR- eXEPGIEE fﬁﬁﬁ”’cﬂyﬁical filter and would give a
negative influence to the manufacture of semiconductor
device. Still other disadvantage is the generation of
dust from the filter material. |

In Japanese Patent Laid-open No. Hei 6-63333 and in
Japanese Patent Laid-open No. Hei 6-142439, a so—called
chemical filter using an ion-exchange fiber is disclosed.

In the former so—called chemical filter used for an
air cleaning system wutilizing ion—exchange fiber, the
material of the chemical filter is structured by mixing
cation—exchange fiber which is polyacrylonitrile series
fiber having carboxylic group or anion-exchange fiber
which is vinylon series fiber having quaternary ammonium
group, with glass fiber and heat adhesive fibrous binder.
Accordingly, the desorption of gaseous organic substances
occurs from various additives contained in the constituent
polymer fiber, or a part of the ion—exchange group may
desorb as carboxylic acid or ammonia.

Furthermore, in the latter so—-called.chemical filter
used for cleaning up a very small quantity of contaminated
air in a clean room, utilizing ion- exchange fiber, the
ion-exchange fiber made by introducing sulfonic group,
carboxylic group or phosphoric group as a cation—exchange
group into  non-woven  fabric of polyethylen or
polypropylene, or made by introducing strong Dbasic
quaternary ammonium group or weak basic group containing
lower amine is utilized. Accordingly, the desorption of
gaseous organic substances occurs from various additives
contained in the constituent pblymer non-woven fabric, or
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using the aCtIGahﬁme&h@&@Qa|wﬁénthEhéCWbﬁ%ChQﬂﬁe find@ancBUr thgr ne, a

I I th h al regna tlvated char coal
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res
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However seous | urities from fhe constitue
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resin, €PR%h se”o??s the adsorptive materials for the use, or the
adsorptive layer for removing basic impurities and the
adsorptive layer for removing organic impuritie§ are made
separately from two kinds of the adsorptive materials and

are overlapped for the use.

If atmosphere in a clean room where four procesées
in Table 1 are performed, is mixed without being separated,
as in the case-when a plurality of processes are carried
out in a big clean room, there arises a following
disadvantage. For instance, in a process sensitive to
inorganic impurities, if the gaseous impurities are
removed by using the conventional chemical filter, the
quality of the substrate is improved. This is because, in
this process, the gaseous organic impurities generated
from the chemical filter itself do not give negative
influence to the quality of the substrate. However, in
another process where the gaseous organic impurities are
sensitive to organic impurities existing in the same room;
surface contamination of the substrate is brought about,
thereby causing the deterioration of the quality.

Therefore, in a big clean room where a plurality of
processes are carried out, the chemical filter for the
purpose of removing gaseous inorganic impurities is not
only required to have superb property of removing these
gaseous inorganic impurities, but also required not to
generate gaseous organic impurities from the chemical



FTNK980Q4 8/ 101 resin, silicon series resin, etc.), sealant “to use
for fixing filter materials to the surrounding frame (for instance,
_neoprene rubber. silicon rubber, etc.) are mixed with the air once cleaned
by passi ngF¥%P80Rh t he chenical filter and woul d gi ve a negative influence
to the manufacture of the sem conductor device. It should be nof Pq i hat ,
the chemical filter using chenical-inpregnated activated charcoal in the
formof a felt or a sheet renoves very small quantity of acid or basic

| npuri tiesspmwdhe; pggler, of TRELAEPBLBhABAL! Bft Qecﬁhﬁ% \AAO?Hlt@Pde?Pﬁmt of

ppt order, but it m xes gasgous organi¢ |npur| | es, are desor bed
fromthe ct@bi cRPLPYSteRt | EB@|fSament ingnebath paaseays t hrouganic nany
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gases or off sive 0 tial enV|ronnent are diverted

into the chemt%y FPP?@Plpﬁil?ﬂe % sppghtat 1“Cﬂﬂ§éd§@ﬁ?¥yr°°mlts
per f or mancet n@swh expe,cilid < alt 6 ron baa“em dm@&ed'otzo meet thg sta?da][d oft';]he
field of resi tlal i r.Qn , - N i nadequate fromthe
first place to appl %af tﬁg 2F$éfPﬁﬁggld§§°#aﬁpbgn&Vi SSsyvefiere sl
quantity abf COQE@E@U@g bohbrbaalc inpuganiesimpunhittés andueeganit he
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of t he sem conduct or dev ice
activated charcoal or removing organic impurities was

required in addition to a chemical filter for removing
basic inorganic impurities. Accordingly, an improvement
upon this point is also longed for.

Taking the "above consideration into account, when a
chemical filter is applied to a high efficiency air
‘cleaning apparatus such as a clean room and a clean bench
which can protect from acid contamination, basic
contamination and organic substance contamination, the
important issues are as follows.
The chemical filter itself should not be a contamination
source of gaseous impurities and particulate impurities.
(that is, not to be the secondary source of contamination)
The pressure loss of the chemical filter should be low.
The capability to remove gaseous impurities is high, and
long—-lived.
The conventional filter can not be sa1d to satlsfy these
demands.
Accordingly, an object .of the present invention is to
provide an air filter which is safe and reliable from the
standpoint of disaster prevention, does not desorb gaseous
organic impurities and gaseous inorganic impurities from
the filter itself, is able to remove not only gaseous
basic impurities which cause problem particularly in the
photolithography process but also gaseous organic
impurities at the same time, and is able to prevent the
substrate from surface contamination by gaseous basic
impurities and gaseous organic impurities. Another object



A . chem cal filter using chemcal-inpregnated activated charcoal is
di sclosed, for instance, in the Japanese |aid-open patént No. Sho
61-1P3518 §p@? filter is made by i mMmersing the base material nade of

ur et hane FEQ&% 0 aqueous sol ution containing powlered activated charcoal,
emul si on type adhesive and solid acid, and being dri ed. Howe£101 in this
" chemcal filter, the desorption of gaseous organi c substances occurs from
synt hetic r ubber | at ex type and other water-dispersion type organic
adhesi ve af. &heemnveindd onypes atthept vejdana me¢hndhéoma@@nmiaemmahngf t he

ter YEBLGHRY caopenitondliiaiboind: seill, S cdhjplenen |

fol | owi ngt8esiavantiga. s Gﬁs@@@ylgﬁganmdghwﬁ@ﬁﬂ&ﬂégcy géercdte@dingom t he
bi nder a”Qp?QPS%h&%Eﬁ?HpE@rwPflﬁ’Cﬁﬁé'f‘ﬁlté’f‘ £ GHeRord P @b o vieased

non-woven abric paper felt iInto | ter material having excellent
pernmeability, and generated fromthe seal ant used for fixing the filter

material D@sthesaver e8ngheglhventiodre mxed with the air once cleaned by

th th h ter and woul d negative influence to
Eﬁzshgguf rog?EtBFes ﬂ?g% ﬁ%%to{h%ev?¥% aék%ﬁ#ﬁ gﬁh gc%edl?é‘”(fl"’\?&l’itage i s

the generdhventioh die &nornidrgahiilct efiatvet 4l alayer, in- which the
following adsorbent is fixed on the surface of a supporter
using inorganic powder as a binder. The adsorbent is
prepared by impregnating salt of an inorganic acid to
powder of an inorganic substance consisting of at least
one of diatom earth, silica, alumina, a mixture of silica
and alumina, aluminum silicate, activated alumina, porous
glass, activated clay, activated bentonite, or synthetic
zeolite. _

The air filter of the present invention has an
inorganic material layer in which the adsorbent is fixed
on the surface of the supporter using powder of the
following inorganic substance o« as a binder or a filler.
The inorganic substance « consists of at. least one of tale,
kaolin mineral, bentonite, diatom earth, silica, alumina,
a 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, activated bentonite or
synthetic zeolite.

- “The filler” in this invention is an adsorbent and a
component which constitutes an inorganic material layer.
The filler fills up between particles of the adsorbent,
but is  arranged -to keep air-permeable gaps or pores
between the adsorbent. The inorganic substance @ acts to
fix the adsorbent to the supporter or fix among the
particles of the adsorbent. However, the inorganic
substance o does not have a capability to assure permanent
adherence. Accordingly it becomes necessary to use an



| n_Japanese Patent Lai d-open No. Hei 6-63333 and in Japanese Patent
Laid-open No. Hei 6-142439, a so-called chemcal filter using an

i on-exchange fiber is disclosed. In the fornmer so-called chenmical filter
“used for B P04] eani ng systemutilizing ion-exchange fiber, the materi al
of the chemical filter is structured by m xing cation-exchange 18yfygr which
I's polyacrylonitrile series fiber having carboxylic group or ani on-exchange
fi ber which is vinylon series fiber having quaternary amoni um group, with

glass fibep,ap Qnﬁeatacgwﬁ%nveaém bj pelRt - sﬁeﬁoracy NG| ¥; cd hgoUeser ption

of gaseous_organi ¢ substances occurs from vari |t|v& co talned in
the const RLUBARApSIOMNED fORASE R %@?ﬁﬁ? bhet PBﬂnéﬁcha S@ dBemay

dﬁsorb ?s]gvﬁ?fmowlmge?el qnlqr “amara afﬁrhlé@ﬂmrﬁ'feir%nttﬂ? Ia%]gdoqrd@@r cal Iteg
chem cal fi r ed for eaning u nti of co m nat e
air in ateléiﬁ eeLRf|?€Eﬁ5 ¢ nl%xghénﬁggofpgﬁi t&ﬁe%%ﬁ? hange
fiber madétkylifnt iedudiefigned! f dni ctlye oupf oramdrotidread gridigt orofphadyehori c
group as e roup into non- woven fabric of
po|yethy|388%%83@50?§§§§§EF3 or made by introducing strong basic
quat er nary ammﬂimurlrhgr edap 6nlmakabaerdlggotm thetriesent | iowantdrme is
utilized. h rot i eous | ces
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occurs fron1var|ous additives contained 1n the_ constituent polyne

non- wovenbpigri@l orayer consisting of the following substance are
stacked on the surface of a supporter in a manner that
either one of the first inorganic material layer or the

second inorganic material layer is directly fixed to the

surface of the supporter. The first inorganic material
layer is a layer formed of +the adsorbent fixed by
inorganic substances as a binder. The second inorganic

material layer is a layer consisting of at least one of
diatom earth, silica, alumina, a 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,
activated bentonite or synthetic zeolite.

In the air filter of the present invention, pellets.
of the adsorbent is fixed on the surface of the supporter,
using powder of the inorganic substance o as a binder or a
filler. _

The air filter comprises the supporter, a first
pellet and a second pellet, wherein- the second pellet is
formed around the followipg first pellet by coating with
powder of the following inorganic substance B, and the
second pellet is fixed on the surface of the supporter.
The first pellet is prepared by pelletizing an adsorbent
by using powder of an inorganic substance as a binder.
The inorganic substance B is composed of at least one of

~diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass,'hydrated magnesium silicate clay mineral having a



- FTNK98004 10/101 a part of the ion-exchange group may desorb as sulfonic
acid, carboxylic aci d, phophoric acid, ammonia, or am ne. Furthernore,
~when: the_ air for instance, in the photolithography process, which
cont ai ns EQ@@&O@%purltles such as ammoni a, and gaseous organic inpurities
such as HVDS or trimethyl silanole at the same tine, is treated4/t0here
exists conplexity in such that the adsorptive material for renoving basic
inpurities and the adsorptive material for removing organic inpurities are

Sfep?L at el grﬁéﬁﬁ)ﬁr egh e ke @ &@l@oi ﬁﬁbb@n' ayede, bytar“?vilvrggetdhteaeasry\o Ki n]gs
o e ads or e, use,...or e adsorptive |layer for
renovi ng B&gil@afﬁﬁub?? %glg?]dozf oY RS IR 1 ARP b fer for rem)v:ong orga% c
inpurities are hndehseaﬁrafelyefranndmﬂnﬂgrtt;tﬁetﬂnesmmﬂodpwbmainnterials
and are oygtlapped fge1ibe Ughschf LTo3BRREA | Bya pbedncioeHEhene four

- processes’i bl & 1P8rs pertormned, 'i's mxe eérng“separdted, as in
the case adearheptunalingy pewdsroodsdde airorganieduhstance bi gagl 8an room

there arigegqarf Qb OéMf'ﬂlf'éxsadMi‘maa%co SESREEd by N cBaRERGESS

nd F&{}uéﬂ"
sensitive to Inor aIC IITpUI‘I aseous |rrpur|t|es ar e
renoved Bj§thsibeFderheo cah@emnwnl%héﬁbaﬁancw 1R @roundhea qfdrsty of the

substrat epe31bHPHAYRY: ig“f%ﬂﬁé@epﬂu 811éﬂl£fﬁ§ tHéoﬁﬁ§§rbehBeusgﬁ§eous

organic rities generated fro e chem ca fllter o not give
negative ngﬂaéneg 28 tlﬁéraéallpt9“?\5'5?%93&53& dader, Héﬁe%éh edj 4p

in the casing.

In the air filter. according to the present invention, the
average pore diameter of the inorganic substance powder
impregnated with salt of inorganic acid is 100 angstroms
or more. In addition, sulfate is preferable as the salt
of 'the inorganic acid. The supporter which has a
honeycomb structure is preferred. The honeycomb structure
is preferably made of inorganic fiber as an essential
component.

A method for manufacturing the air filter has the
following steps: immersing a supporter in a suspension in
which the following adsorbent and powder of the following
inorganic substance &« are dispersed; and then drying the
supporter, thereby forming the inorganic material laver
fixed to the surface of the supporter. The adsorbent is
prepared by impregnating salt of an inorganic acid to
powder of an inorganic substance consisting of at least
one of diatom earth, silica, alumina, a mixture of silica -
and alumina, aluminum silicate, activated alumina, porous
glass, activated clay, activated bentonite, or synthetic
zeolite; and the inorganic substance a is at least one of
talc, kaolin mineral, bentonite, diatom earth, silica,
alumina, a 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, activated bentonite or
synthetic zeolite.



angt her, process where the gaseous organic inpurities are sensitive to
organic inpurities existing in the sane room surface contam nation of the
_substrate_is brought about, thereby causing the deterioration of the
“quality. FRE980Q% e in a big clean roomwhere a plurality of processes are
carried out, the chemcal filter for the purpose of. renoygydigaseous
I norganic inpurities is not only required to have superb property of
renovi ng these gaseous inorganic inpurities, but also required not

to generahem9%ﬁ69U$o9rﬁﬁﬂh?ab%ﬂ@&hk'%ﬁef%Q&lEHQt@ﬁeﬁh@@bdlngF¥UKQ&@04
11/101 filter itse]f. The devel opnent g en1cat filter which can
renove aPTePRRT SLA¥ention RN ISgSsedds Paan‘? nPda S &€ afd

gaseous OkgppbeteAPULI t €S, suMieats ivausdnt hehsuhf atlee cczn:tsm?ihreatﬂ omndf the
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i nor gani cdisparsedes theh odganhe rﬁpursuppertsriré@mmfbw“f¢mmxmg a
chem cal %l ggﬁ:\:‘ P%%Pgaﬁlfél vﬁ@éj% a}Jeli or regﬁgl ngupf&a@l (bf an[Lrl ties

was require lon to a en1ca filte r for renDV|ng basi ¢ 1 norganic
i npuriti eSUPPOREETF di HEReTSimg | HhY ovaPPeT teFonoRhi ¥hpek ntthe Figét onged

for. Taki RgotBEnaROvEs 6OPEA Henalyedn | 8t Of @ER&YNtin WReNs@spension in
which powder of the following 1norganlc substance B is
dispersed; and then drying the supporter, thereby forming
a second inorganic material layer on, the surface of the
first inorganic material layer, or .forming the second
inorganic material layer on the surface of the supporter
and then forming the first inorganic material layer on the
second inorganic material layer. The inorganic substance B
is at least one of diatom earth, silica, alumina, a
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, activated bentonite or
synthetic zeolite.
To the above method for manufacturing the air filter, a
step of dissolving the salt of the inorganic acid in
advance into the suspension separately. before immersing
the supporter, may be added.
A method for manufacturing the air filter according to the
present invention comprises the steps of: preparing an
adsorbent by impregnating salt of inorganic acid in *
advance to powder of the following inorganic substance +v ;
immersing a supporter in a suspension in which ﬁawder of
the adsorbent and powder of the inorganic substancec as a
binder are mixed together; and pulling up the supporter
from the suspension for drying after immersing. The
inorganic substance y is at least one of diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,



chemcal filter is applied to a high efficiency air cleaning apparatus such
as a clean roomand a cl ean bench which can pr ot ect from . acid
_contami nation, basi c contam nation and organi c substance contami nation,
“the inpor FAW980@kues are as follows. The chemical filter itself should not
be a contam nation source of gaseous .inpurities and particul atggyygurities.
(that is, not to be the secondary source of contam nation) The pressure.:

| oss of the chem cal filter should be low The capability to renove gaseous

i npuritiegeik$yhteh bBAYoh?86- brveynthbeigon¥sNikenal Thi khes eareNol be said
to satisfy these _dengnds.. Accordingly, . an bject of the, present

i nventi onSteR ©F pﬁ%ﬁﬁﬁ;W%?%ﬂrthQIt%ﬁIVMi%ﬁ i§ﬁ§afén8ﬁ§aPéFia@Pé fromthe
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- organi c i kper imeitdod fomodrufabfjurcing tiFrNkdsofalierioomprises the

’ steps of immersing the supporter in a suspension in which
powder of the inorganic substance y and the inorganic
substance ¢« as a binder, are mixed together; pulling up

the supporter from the suspension for drying after
immersing in the suspension; immersing the dried supporter

in a salt solution of inorganic acid; and pulling up the
supporter from the solution for drying after immersing in

the solution. This method is effective when salt of
inorganic acid having a good solubility in the suspension,

that is, easy to dissolve into the suspension, is used.

In addition, since powder of the inorganic substance, that

is, the inorganic -adsorbent, is dried after fixing, the
adsorber is in a good adsorptive staté, so that the
adsorbent with a large quantity of impregnated salt of the
inorganic acid can be obtained. In the present invention,

a holder of chemicals to. which the salt of inorganic acid

is impregnated is referred to as an adsorber, and an
adsorber holding salt of inorganic acid is referred to as

an adsorbent.

The method for manufacturing the air filter comprises the

steps of: immersing the supporter in a suspension in which
powder of the inorganic substance ¥ and the inorganic
substance o as a binder are mixed in a salt solution of
inorganic acid; and pulling up the supporter from the
suspension for drying after immersing in the suspension.

In this case, since the adsorber and the salt of the
inorganic acid are not separately impregnated, the number

'of the steps in the process can be reduced.

In the method for manufabturing each air filter according



of .the i;nvention is to provide a nmethod for manufacturing the filter as
nment i oned above. Still another object of the invention is to provide a

hi-gh et fi ci ir cleaning apparatus equipped with the filter as
ment i onedcf'la@g%()(ﬁ[)i sclosure of the Invention Afilter to clean the air

according to the present invention has an inorganic material ~|1&y@01 in
whi ch the follow ng adsorbent is fixed on the surface of a supporter using
i norganic powder as a binder. The adsorbent is prepared by

i npregnat ity shét pmbsanti navganiionacishltfa tpovaey bé asednasgaddlt spbst ance
consi stin 194 Lﬁénic I; pne of diatomearth, sili-ca, alumna, a m xture of
silica ang1 14 num si | cate,- activated al um na, porous gl ass,
activat ed &l hjgh aeffwa1edcbeanunlctl@anamgsymﬂmtmszemdodmiln'éhetcal théilter
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an i norganficlteat,eramd thgemrir filter includes an inorganic material
layer in which the following adsorbent is fixed on the
surface of the supporter using powder of inorganic
substance as a binder. The adsorbent is prepared by
impregnating salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina, a mixture of silica and alumina,
aluminum silicate, activated alumina, ©porous glass,
activated clay, activated bentonite, or synthetic zeolite.
The air filter used in the high efficiency air cleaning
apparatus according to the present invention may include
an inorganic material layer in which the adsorbent is
fixed on the surface of the supporter using powder of the
following inorganic substance ¢ as a binder or a filler.
The inorganic substance o« is at least one of talec, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
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, activated bentonite or
synthetic zeolite. The first inorganic material layer is
a layer formed of the adsorbent using powder of an
inorganic substance as a binder. The second inorganic
substance layer is a layer consisting of at least one of
diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass, hydrated magnesium silicate clay mineral having a



The fil.ler fiIIs'up between particles of the adsorbent, but is arranged to

~keep air-perneabl e gaps or pores between the adsorbent. The i norganic
_ SUbSIanC%ngééé acts to fix the adsorbent to the supporter or fix anpng
the parti % the adsorbent. However , the inorganic

subst ance a does not have a capability to assure pernanent adhi8/dfte.
Accordingly it becones necessary to use an FTNK98004 13/101

i norgani ¢ adhesi on assisting agent such as silica sol or alumna sol in
order to cerst#l t etranharrencef tHboughbldre viogrpks " hickdeatedndcldy)ller” are

used d|ffggga?%Q%éuﬁéﬁé%ﬂgké(%gIg}ﬂﬁﬂggf% %%oﬁqq rence in the adsorbent, the

mat eri al inedinth enmentioned’list of the inorganic
subst ancellier air ifiilttlee, aiusefd | {r thecdridhnge i adenqgyr esbnt cilaammg on, a
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consistin oW n stante are sta ed on sur ace a
supporteralﬁlisﬁamﬂﬁrgaﬁﬁcem@ﬁéfléhe1@WQﬂu@$ r@tS@ﬁﬁ nﬂéoﬁ&@@%¢al | ayer

or the Seﬁé%@&iﬁprgéﬁéﬁ §@h@kb&|ohaiﬁ%'é%f?dégﬂdﬂ'fhéeguéﬁbffﬁksﬁﬁface of
t he supporter I rsf .inorganic _na ] layer is a er forpmed of
t he adsor%eHPnPPieJiﬁﬁ ni 80e sQbsth 1280 JIRPRERRIC ?ﬁéré% ond

i‘nor gani clapéer oal ﬁ}aayesewmﬁ hnyegaﬁmsnnattlemgadf aydreabs dibeecotly
fixed to the surface of the supporter and the remaining
inorganic material layer is additionally fized to the
surface of the first fixed inofganic material layer so
that the first inorganic material layer and the second
inorganic layer are stacked on the surface of the
- supporter. The first inorganic material layer is a layer
formed of the adsorbent fixed by powder of an inorganic
substance as a binder. The second inorganic material
layer is a layer consisting of at least one of diatom
earth, silica, alumina, a 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, activated
bentonite or synthetic zeolite. .

The air filter used in the high efficiency air cleaning
apparatus accérding to the present invention may comprise
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 the adsorbent, using powder of
the 1norgan1c substancea as a binder or a filler.

The air filter used in the high efficiency air cleaning
apparatus according to the present invention, may comprise
a supporter, a first pellet, and a second pellet, wherein
the second pellet is formed, around the following first
pellet by coating with powder of the following inorganic
substance 8 and the second pellet is fixed on the surface
of the supporter. . The first pellet 1is made by
pelletizing the adsorbent using powder of an inorganic



diatom .earth, silica, alumna, -a mxture of silica and alum na,
alumnumsilicate, activated alum na, porous glass, hydrated nagnesi um
Siklicate clay m neral having a crystal structure of the ribbon type,
activatedF N¥ 045ct i vated bentonite or synt hetic ‘zeolite. In the air
filter of the present invention, pellets of the adsorbent is fidgdopn the
surface of the supporter, using powder- of the inorganic substance a as a
bi nder or a filler. The air filter conprises the supporter, a first pellet

and a Secmm&c@ a SVRE ind etrhle sr%ori@lo@@lah@h sEbkeaned @ opidwlsides
follow ng fj rst IIet béncoat th powd

Wi of the follo I nor anlc
subst ance © [e@r] §ﬁ§ th §ec%t daton | E@Xedséﬁlfﬁe sﬁrﬁﬂgﬁ
Supportermfﬁﬁhﬂdrsbfpe|éfﬂld§ pbﬁﬁareﬁlbmlmalIehﬂnhﬂguan adSI&&nwm by

Corry Po Eiodasd,; "R ARThE, *o a3 SEbAe Tuar o arbiSd IR4BL €1 pyot ance
m xture (ﬁl]sudam c&am aliwerad, haumgum sitystale, streevared ol utliaa,

| gs; d I I mal
FTKoB004 TLEPDY (LYLta AeCPUATERe CRRYS ot (A oM | o o

clay, actisErtdetientzatiliider synthetic zeolite. In the air filter according
te the preggntaipventlit®® used in the high efficiency air cleaning

apparatus may be formed by filling in a case either one of
the following two types of pellets: the first pellets are
formed by pelletizing the adsorbent using powder of the
inorganic substance « as a binder or a filler, and the
second pellets formed by coating with powder of the .
inorganic substance B around the first pellets made by
pelletizing the adsorbent using powder of the inorgénic
substance as a binder. ' '

In each of the above described high efficiency air
cleaning apparatus, the air filter and a filter for
removal of particulate impurities may be installed onto
the ceiling portion of said space or room.

In the filter according to the present invention, at a
portion in the inorgénic material layer, where powder of
the adsorbent and particulates of powder of the inorganic
binder are adjacent to each othef, gaps which serves as
air permeable pores are formed. The object gas comes
inside of the inorganic material layer from the surface of
the~inorganic material layer, or comes out from the inside
of the inorganic material layer to the outside, both
passing through the permeable pores. Thus, when the
object gas passes through the inside of the inorganic
material layer, the basic impurities in the object gas is
adsorbed and removed by the adsorbent.

The air filter according to the present invention, in
which a salt of an inorganic acid is impregnated to an
-adsorber, is composed solely of inorganic substances, and
does not contain any organic substance which may decompose



either a pellet which is forned by pelletizing the adsorbent using powder
of the inorganic substance a as a binder or a filler, or a second pellet
ﬂjorn&d.bylgﬁﬁ%h&% w th powder of the inorganic substance [err]. around a
first pell h is formed by pelletizing the adsorbent using powder of
an inorganic substance as a binder, is filled up in the casing.20/0lhe air
filter according to the present invention, the average pore dianmeter of the
i norgani ¢ substance powder inpregnated with salt of inorganic acid is 100
angstrons ywitemopéaced nimddi thogh teulpeatature pathesphére aort hplsaéd of

the inor e id. : orter i ' : on -
structureqﬁgﬂbrgggﬁreﬁhe?ﬁggggheégﬁﬁb%étr%%%ﬂ#%yigﬁ%@g?gégblﬁxﬁggga%f

i norgani ¢ fudler as @t ttissatd alchaoepadent . Aceerdddsder nbhef afilténg the
air filter g@§& f owi gh%%%: i LS SWRPO ERpra SMSPENSi on
i n which t%ma c##ﬁ?ﬁ ﬂglaggg?b_nt a# ggadnggP?thgefoFPgéf%gring#gaﬁic
subst ance &isasten speevertiomnytandpoinyiof vhevsuplereever, t haking

Suppor ter 2 The SaBR [l tM e Il | bt LR P OLab e gani o
acid to p&m“cﬁlasarﬁu ragsarﬁacltsd’nfztié]r?é' a@éﬁsiaﬁl{%gksgoa@m BASEIBAE: of

dirat om earfdconsdingky, aliwpurd.tya gt uyRioh Sédises and akrobilea, ﬁheugi num
2Ll ot e, AGHYPCHhThUTARy, BRR ke AR B B | o
one of tala,rekabt whennainlis bessedi tkrough athben fehteh, atsal speed
of 1m/s, the amount of the outgas from the air filter can
be reduced to less than lppb.
Life of the conventional adsorbent made of activated
charcoal and the inorganic adsorbent used - in -the air
filter of the present invention is considered. First,
the measurement result of each impregnation amount of the
salt of inorganic acid to activated charcoal and the
inorganic substances will be shown in Table 2. The
impregnation amount with various kinds of the salts of the
inorganic acids per unit weight of the activated charcoal
and the inorganic substance are shown in percentage by

weight. The weight of the charcoal and the inorganic
substance are weighed in a dry state without containing
moisture. The charcoal and the inorganic substance are

immersed for 30 minutes in an aqueous solution of various
kinds of the salts of the inorganic acids having the
concentration from 24% to 28%, and after pulling them up,
they are dried in the air for two hours at 120°C. Then,
the impregnation amounts of the various salts of the
inorganic acids are  measured. “Activated charcoal
particulate Shirasagi GX for gas phase adsorption” (Trade
name, manufactured by TAKEDA YAKUHIN Co., Ltd.) is wused.
The specific surface area of the activated charcoal is
1200m*/g, and the pore volume is 0.86cc/g. The specific
surface area and the pore volume of silica, alumina series
adsorber, and synthetic zeolite are shown in Table 5 which



A

al um na, a mxture 'of silica and alumna, alum num silicate,

acti vat ed al um na, por ous gl ass, hydr at ed nagnesium silicate clay

m ney al g 6hcrystal structure of the ribbon type, activated clay,
activated H@@g@ te or synthetic zeolite. FTNK98004 15/101 A method for
manufacturing the air filter according to the present inventi@h/10donprises
the steps. of: imrersing a supporter in a suspension in which the

adsor bent and powder of an inorganic substance for the binder are

di spersedgilthge deyePidbed hEatepporter, thereby formng a first inorganic
material |ayer on the surface of the supporter; imersing the supporter
on which the first inorganic material layer is forned in a suspension in
whi ch powebleo the following inorganic substance [err] is dispersed;
and then S er et e m r gani terial

| ayer on ﬂﬁe gg? gg@ o ?Eg ﬁxf ?ﬁélgﬁPégﬁléﬂg PTEngﬁgt(gperP % qafornlng
the second iheoxganic macdd akol aperdemn tofe satingéedf Qhﬁ?Qﬁﬂﬂpoﬂﬂdr and
then for BQr?Qﬁl§ EgbstARE@ani ¢ material layer on the second inorganic

mat eri al Jnorgani ¢ substance, [efr], i.s at | east one of diatom
earth, sill ﬁé&mlﬁﬁéﬁn AP T SRl gRe amQﬂnt(gs? Medght 0 thal @eitdgatedal uni num

silicate, chakeyalieds iAbrghffe suPStaNSe (g B5Sx 1000y dhated magnesium



sil.icate clay mneral having a crystal structure of the ribbon type,
activated clay, _ activated bentonite or synthetic zeolite. To the above
et had .f or. fzcturing the air filter, a step of dissolving the salt of

t he inorgéﬂﬂﬁﬁgpld I n advance into the suspension separately before

I mrer sing the supporter, may be added, A nethod for manufacturi3®yiohe air
filter according to the present invention conprises the steps of: preparing
an adsorbent by inpregnating salt of inorganic. acid in advance to
powder of the follow ng.inorganic substance vy |nner3|ng a supporter in a

T AR P A T R R S
support eoff r ondindrganisusbensi on sufldatedr ymng aft el hydwoges| hgdroged he
S unina] 8T8t G or o FEEREAG al um na) SHSAERumI ST | oat of SEET#E: eg
al um na porous gl ass, petivated clay, FTNK98004 s16£2®& hcti vated
"bentonite or synthetlc zeollte In this gase, a stgp of dispolving the salt .
of the imorgantc—actrd—sgparateiy—tnto—the—susperstot—ray—ber—added- Thi s
et hod | SOBFPBETAVEORhepe4al t ¢ Ti nor gani|&8aci d hay2dg a pop24sol ubililty
in theloguspgaditon, of that i3, not egsy to

inorganic acid

(%)

Activated 15 34 37 17 20

charcoal ' |

Diatom earth 39 84 96 42 51

Silica gel 96 206 239 107 123

|Alumina gel 95 200 240 105 120

Mixture of [90 195 235 104 120

silica and 1

alumina

Aluminum 96 203 237 106 122

silicate .

Activated 47 100 - |116 51 60

alumina

Porous glass 24 52 157 26 30

Activated clay |58 123 145 64 73

Activated 36 76 90 40 46

bentonite: | .

| Syntheticzeoli [70 = [150 175 78 90

te |

‘(hydrophilic)

Note) The weight of activated charcoal or 1inorganic

substance is the weight in a dry state w1thout containing
moisture.

As shown in Table 2, the inorganic substance such as
silica, alumina series adsorber, synthetic zeolite.can be



di ssolve into the suspension, is used. The nethod for manufacturing the air
filter conprises the steps of immersing the supporter in a suspension in
mhlch pow%iﬁg&@ he i norganic substance [err] and the inorganic substance
Terr] as 8 are m xed together; pulling up the supporter from

t he suspension for drying after imersing in.the suspension; in2#%i€lng the
dried supporter in a salt solution of inorganic acid; and pulling up the
supporter fromthe solution for drying after imersing in the solution.
This net moth i snored f eixténeasadhenin sathe oimprmgmtﬁ(m acamo ety i n‘gh&n good
solubilit sus at asy t t
suspen5|o#H4%§4%a Fggéfgf?giﬂ Sh?%ggpgﬁhéﬁl é? f%%?g%nlc su stance
that is, sﬂuhuaarq@m(maadibdbem:of|§h@nnmﬁsﬁw@r1annhgon thias aarsor ber

Is in a goggh vl%t'l’Pf t %o, g%%é&l?é wgladq%ta?@hwstnoaléeafgﬂlﬂyant'ty
of |npregn ed 'salt of e |norga %ﬁ can be obt ai ned. I'n the present
i nvent i on,the Ratdarts co#ls adSOTRENdN the salt of inorganic acid is

| pr egnat ed is Nexaf, erﬂﬁﬁ cé@m@@raﬁibn aggorher poiard o faro iy b@ﬂhol di ng
salt of % n|c aﬁ 9 géred to as an ai orb tjymﬂe nethoﬁ%i

manuf act urith ?ﬁ%ré Pesilt ? for RERIG3L £ ggroqu r$fn

supporter. shapae subpensé e i mi v Clth[eOWdﬁIbI‘OﬁS t lae t iivagredani chchldﬂa;I ance y

ol uti on e E AEHA Benhhl BhehhEbLELRE R Y pete

suspensi oretforn, dvitmgoageasdci rhmﬂ@urngsuoh tme podpenteonhavingt ke slowase,
since the,AdSY PEHindNbr L BE1yedlkr %onidven fabric, or in -the

chemical filter formed in a block shape and a sheet shape
by firmly fixing the particulate charcoal impregnated with
chemicals to a urethane foam or non-woven fabric using an
adhesive, the outgas of organic impurity gas is generated
from organic constituent itself in the organic binder, the
urethane foam, the non-woven fabric, and the adhesive.
The outgas of organic impurity gas is generated also from
the reaction between +the organic constituent and the
impregnated acid of the chemicals. '

For the reduction of the outgas, the so-called
baking in which the whole filter is heated at a high
temperature is ° effective. However, these organic
constituents themselves start dissolving by heating only
at 100°C to 150°C, before\390°C which is the ignition point
of activated charcoal, which makes it impossible. to use
for a filter. -Additionally, the filter having activated
charcoal ignites nearly at 380°C which is the decomposition
temperature of zirconium sulfate when zirconium sulfate is
used as a salt of inorganic acid, which makes it
impossible to raise the temperature as high as 350°C.

On the other hand, in the air filter of the present
invention which consists solely of inorganic materials,
the whole supporter formed of the inorganic material layer
before impregnation -with salt of inorganic acid can be
baked at a high temperature above 350°C, so that the outgas



inorganic acid are not separately inpregnated, the nunber of the steps in
the process can be reduced.” In the nethod for manufacturing each air filter
_according E 98004 17/101 to the present invention, sulfate nmay be used
“as salt of WE#PBAnic acid. A hi gh efficiency air cleaning apparatus
according to the present invention conpri.ses: an air circul atir2g/path which
circulates air in a space where clean atnosphere is required; an air filter
di sposed in the air circulating path; and a filter for renoval of

particul a}g@nb@‘ﬁlﬂéﬂt Lﬁ‘:‘omdatlli@trlﬂﬁﬁu@mtﬁbe Lumﬂaamdfsi fie  ohet h.f&l?%lﬁ cl ndt Pﬁ
air circulating path and on ownsi r ea de o | i [, an e
air fil tgfnai%ﬁf':‘gﬁ eslae?’ne nﬁ?ﬁag’ i ?T%T%i?g?f} a§78P’°Vﬁd Ychth'l bcﬁqﬁ 6’\5 ng
adsor bent tireaftmeed. on Rdvh spoWdere wéabhe foppdheepresieng piowdart io,

| norgani ¢ UGt ancoraps, A BhIGE i1l He d@gdpw@@t 1ab8r, PUERA &b DY

i mpregnat i'ng "salt I norgani c acid I nor gani ¢ subst ance
consi sti nghengat 1neagteon§onﬁr§Vasgrrméahtn egiitchs he&heéuato aSWS&,ure of

silica andyglumions, HebuThRURL 38DMG CABEs noRCH YOAfka t8 iy on YO OUS

gl ass, activat i vat ed bent oni te or tic zeo he air
filter usé@ ithet ﬁerﬁpgmaew. é{ﬁénébeaﬁPeélﬁéﬁ?hbo%p%ﬁr%ttﬁﬂs %ﬁ:roordl ng to the

present inventian BBMveAEi&wi€l chemical filter formed in a felt
shape by combining fibrous activated charcoal impregnated
with phosphoric acid, and organic binder such as low
melting point polyester and polyester non-woven fabric,
and an air filter produced in such that the whole
honeycomb supporter formed out of an inorganic material
layer consisting of, for instance, silica gel as the
supporter of the present invention, is heated to 350°C for
one hour, then immersed in an aqﬁéous 27wt% solution of
aluminum sulfate 14 to 18 water (Trade name “Shika Tokkyu?,
manufactured by KANTOH KAGAKU Co., Ltd.) for 30 minutes.
After pulling it wup, it is dried for 2 hours under a
current of air at 120°C. Table 3 shows soluble outgas
concentration detected with an ion-chromatography when
purified dir in a rated air quantity is allowed to pass
through these air filters. The measurement result of the
concentration of impurity gas contained in the purified
air is shown as a background value. |

Table 3

Measurement result of the outgas concentration of the
conventional air filter and air filter according to the
present. '



an.inorganic material layer in which the adsorbent is fixed on the surface
of the supporter using powder of the follow ng inorganic substance a as a

bi.nder -or The inorganic substance a is at. | east one of talc,
kaolin m ,Ogentonite, diatomearth, silica, alumna, a mxture of
silica and al um na, alum num silicate, activated al urgsraQ1

por ous gl ass, hydr at ed magnesi um silicate clay mneral having a
crystal structure of the ribbon type, activated clay, activated
bentonite (vel pybdhetic zeolite. The first |norgan|c material ‘layer is a.
| ayer fgrmed—of—the—adsoypent —gsim TWeT T o ——amrTorgan

su%stance as a binder. Thee t Ko ﬁa%lﬁﬁgw%nnl Bh%&%% éghlayémods 3

| ayer consisting of at |east|#gedof |dicdijom | earth|{e silica, alumna, |[a
m xt ure Silica nd_ar a T al | Um SftTrare T Vvatred_a o e,
por ous gI§§§VGH§dP§@Zd nagnes?@n1silﬂl ec @yfiijgrﬁf havﬂhgx% 0. 0%
FTNK98004 at84¥@tedr ydtaaicoadt ucture| of the ribpon type, actjvated
ctay, act@ggkgg bentonlte or| synthetlic zeoljte. The air fijlter, used in the

andal annAy nfno of t e Ih\l n+ | faVal ! r

hi gh effl L;I CIIL’ r i O CATTT II AT AT O o T L3
consi sti ndisf %A]fteIStOfnct&@arﬂEﬁmt ¢10i. 419 ay@.rOZan 10a18econd.itr oGl @
he suppprter in |a mannger that

I
mat eri al b%%%%n%tﬁﬁ%%ﬂtqenthe surfage of t

ei t her one—of—the—tt+rst—rnorganec—ragteri=a
Background with [0.02 0.01 0.01 |0.02 0.00 |0.05
only

purified air

According to the result, by using the air filter
relating to the present invention, generation of the
‘outgas from the filter itself can be confirmed to be far
less than that by the conventional activated charcoal
filter. Acetic acid and formic acid in the table are
considered to be organic acid formed by the reaction

" between the organic constituents contained in the filter
and the impregnated acid of the chemicals. As for NH,,
chroline, and NO, , they are considered to be derived from
the impurities originally contained.

Next, the method for manufacturing  will be
discussed. The filter wuses an inorganic adsorber
according to the present invention, and when the filter
kept dry after dehydrated is immersed in the chemical
solution (solution of salt of inorganic acid) .under
atmospheric pressure circumstances, the chemical solution
easily penetrates into the inside of the pore due to its
hygroscopic property. On the other hand, the activated
charcoal is hydrophobic in nature, and the chemical
solution is hard to penetrate into the pore. Accordingly,

in the previously known art, the pressure
reduction/pressure application process was necessary in
order to carry out the penetration. Therefore, the

impregnated amount of chemicals by immersion under



| ayer or the second inorganic material layer is directly fixed to the
surface of the supporter and the remaining inorganic material |ayer 1is
addiLionallﬁ 9fixed to the surface of the first fixed inorganic nmateri al

layer so t 8004 £ rst i norganic material |ayer and the second inorganic
layer are stacked on the surface of the supporter. The first 2gyeopani c
material layer is a layer formed of the adsorbent fixed by powder of an

i norgani ¢ substance as a binder. The second inorganic material
layer is &{y@fhaxans! Pridigdle,at ilseaFaronpofl dgdthm ¢REt hingrgawio
alumna, a mxture qf siljca and, al unina, al unjnu silicate, acti.vated
2l umina,  BIRATRET thamekl tH AL EALaGPIAT S0R b1 F9E0RRP I 35 SHOR AR havi ng

a crystal Bdyleture of the ribbon type, activated clay, activated
bentonite or sy tic,zeglite. .The air fi E_used | he chi efficiency
air cleaning apgltaar%gteuszlac%b?-v&?ngtaeo ?hgrsgéégﬁ?gi n%%%"p}%n%;’a'y‘gg%h%h se a
supporter kimdlsn bByerlfter mdd forganin adcigsoffopeltihet sfdlkaling eaeh surface
of the suppprder, wherein the pellet is forned by pelletizing the

adsor bent,_using powder of the inorganic substance [err] as a binder or a
filler. THEzSY faaseer igsethah tnawdayh odf f pélénay 88k cltdadi nsappar at us

accor ding {03 §ign 1Y OHERYLAAEN 10N driBY GATRIHGS B SHOPRIDE! £k foks!

pellet, and a second, pellet, wherein the segcond pellef is_formed around the
f ol | owi ng Ql%%tt?)eW@%c%yt}é%a‘ﬁ‘-ﬁ@rmﬁ?%t%'(v\dﬁ?s%f‘%% i%w%m;h@ teBbani c
subst ance yeiglht,anghd his degond el Idaty ibsxli xed on the surface of the
SUpporter'The secon&wgasé'{gtthgglkﬁg sificgaggl Bdeer having water
content about 30% of the total weight is kept long in a

normal room atmosphere (about 20°C, relative humidity 50%).

Each of the above silica. gel is immersed in aqueous
solution of various kinds of salts of inorganic acids

having concentration from 24 wt% to 28 wt% for 30 minutes

and is pulled up. Then it is dried in the air at 120°C for

2 hours.

Table 4 _
Difference of the impregnation amount of various kinds of
salts of inorganic acids regarding to the presence or
absence of dehydration treatment to the silica gel.

(impregnation amount of chemicals (g)/weight of activated
charcoal or inorganic substance (g)) X100 [%]

Condition |Titanyl {Aluminum |Zirconium |Sodium Potassium
of the | sulfate [sulfate . |sulfate hydrogen |hydrogen
silica gel | ;ulfate sulfate

) No . |96 206 239 107 123
dehydratio
n .
Dehydratio {121 260 313 134 159
n

As apparent from Table ‘4, the impregnation amount of
various salt of inorganic acid can be increased by 25% to



pelletizing the adsorbént using powder of an inorganic FTNK98004

19/ 101 substance as a binder. The inorganic substance [err] consists of

at.  l.east diatom earth, silica, alumna, a mxture of
ErkGBogR,

silica na, al umi num silicate, activated al um na,
por ous gl ass, hydr at ed magnesi um silicate clay mineral M#i0p a
crystal structure of the ribbon type, activated clay, activated

bentonite or synthetic zeolite. The air filter used in the high efficiency
air cl eani3r3@ aph)anat'uhae maylbeaf @geltediby dehyldmg iion—e reatedei ¢ dmepamwed of the

the adsorBart (RECe8es. 081 EbTE  BORrBERELOR", B0l s0 0 BB RS of 2
filler, é&dmd the saonad el [tdtes fsddried bgetoais ngniivten pouderbpf thee

| nor gani ¢ 4.34RSANGH \,ﬁé’arﬂmefrﬁ! oudl ther fikpst sBelkebs made lﬁey %&éiﬁ} | zi ng

t he adsorbent u5|ng po he 1 norgani c substance_as a I n each
of the ab®edededadsithebntn ghhef Pogeertdy bMReLs i bl ébﬁarm]{}‘sﬁlqmw%lr
friter anqh%'wﬂéﬁybgﬁy renoval of partlculate inpurities may be installed
onto the ceil & portion of said space.or nh@In the fi|ter %ccordlng to
the present &% | BRASOR YRYpobRe oS ALt S r ghRPESHRL r BAE ] alfer

wher e pomdﬁﬁubfln place of the organic acid as the impregnation
chemicals to the adsorber is as follows. The organic acid
is called carboxylic acid, and the number of compounds
having carboxylic group (-COOH) is said to be from a few
thousand kinds to tems of thousands kinds. If carboxylic
acid desorbs as a gaseous material by any chance, it
becomes an organic contamination material. In addition,
when an air filter containing the organic acid is used for
a long time in a <c¢lean room, even 1if +there is no
gasification of the organic acid itself, there arises a
fear that the organic acid is gradually decomposed into a
substance like acetic acid which is easy to gasify, by
breeding of a microorganism which takes the organic acid
as a nutritive source, thereby causing new contamination
by the gaseous decomposition material. Furthermore, once
the organic acid decomposes, its initial function as the
organic impregnation chemicals to neutralize and
chemicall& adsorb the gaseous basic impurities is lost.
On the other hand, salt of inorganic acid can not be a
nutritive source for a microorganism, and, salt of
inorganic acid is known to have a sterilizing function
against the  microorganism. Accordingly, for the
impregnation material to the adsorber used in the clean
room, a salt of an inorganic acid is more preferable than
an organic acid.

On the other hand, there are many inorganic acid
which are hazardous materials to human body if they have
high acidity (for instance, hydrochloric acid, sulfuric
acid, nitric acid, etc.). In addition, when an air filter



t he adsorbent and particul ates of powder of the inorganic binder are

adj acent to each other, gaps which serves as air perneable pores -are

for ned. EU&E@ fbject gas comes inside of the inorganic material |ayer
ee

"fromthe of the inorganic material |ayer, or cones out fromthe
inside of the inorganic material layer to the outside, 2Bpi01 passing
through the perneable pores. Thus, when the object gas passes

through the inside of the inorganic material layer, the basic inpurities’
in the obpeatagasngs sagsongdded aotldiendved ganicheagidbod beritef tThen  ainr

 nor gani cSL4AF AARERE AR dh AR o Hhe ahbaFBeFLe | abidmaissatedloy e

i nor gani craibstwahees,carsksdoeastemt poddudinnany Comgmedwestlst aacsaltti ch may

decompose oe £TNGBEDE, 20/ 103 Auhan ol a5 sha1d. Nl d £APEY abHie jysToSpher e

or placed wt cal's material such
as activheeardensr cbal .the humagcobadngl yis ﬁW%iabfﬁltéﬁ detor @icig to the

present 'QMBQEhﬁee'%OSEBEEEQEatQ fodtRashgsorpéLyvention standpoint of view
Mor eover,  baki at a &gg ratyre after | mpregnating w,th acid

chemical s such egﬁlﬁrSf Wﬁo Sc O4ci%$0 doned §lp 1z o lidoddidng v,
inpurity sgashewhiChredlbitsss and AmaiisPialllen sppihettid ozaothiean igpace,

can be de%%&'tgedwi ef‘dv?lrs]%% 1:hé6‘ns natural zeolite which is poor in
purity. Natural zeolite has pores in various sizes from 3
to 10 angstroms, but it is possible for the synthetic
zeolite to produce pores uniform in size.

' In the present invention, when synthetic zeolite is
used as the material to be filled between individual
particles of +the adsorbent, the individual =zeolite
particles are filled between individual particles of the
adsorbent in which a salt of an inorganic acid is
impregnated to powder of the inorganic substance, and gaps
to be air-permeable pores are formed in the adjacent
portions between the adsorbent particles and zeolite
particles. The air-permeable pore has a function in a
manner that the object air to be cleaned can reach the
salt of the inorganic acid impregnated to the adsorbent

- particle. .

The pores which the synthetic zeolite itself
possesses, adsorb and remove gaseous organic impurities.
with particle diameter smaller than the size of the pores,
when the object air to be cleaned passes through the air-
permeable pores. Accordingly, if any synthetic zeolite is
selected, which has a suitable pore size according to the
kind of the gaseous organic impurities contained in the
object air to be cleaned, it is possible to design an air
filter having excellent performance to adsorb gaseous
organic impurities.

As the silica of the present invention silica gel
may be used, while alumina .gel may be used as alumina.



a result, when air is passed through the filter at a speed of 1nl's, the
anmount of the outgas fromthe air filter can be reduced to | ess than | ppb.
Li.fe ot the conventional adsorbent nade of activated charcoal and the

‘i nor gani c FINE8%)0ent used in the air filter of the present inventionis

consi der ed. First, the neasurenent result of each inp2gQgoati on
amount of the salt of inorganic acid to activated charcoal and the
i norgani c substances wll be shown in Table 2. The i npregnation

amount Wi tdy pard 048 kikdsmoktibe oF t$ibicd hgel nandanilamigiadsgdler mai t
wei ght of trmeééﬁlvaie char coal |nogg§n|c substance are shown in

per cent age gis t e'ﬂi§?ﬂ£%ﬁd¥j§#1% har8BaP3- and the i norganic
substance are wdirghetei npresiéyt stiaivent itdmut asonf@ur mtrh@ noostituent The

h I d the i '
cducous sATUE o PRRTeds KPRRE oft rEe s s T RERE LEn, ge BHbE° atfee”
havi ng t hef aowadntn ath@npérbmmﬂ%heresp’@randuhat@s il powder hefn the t hey
are dried JQedfifodl © 1o dai MR A 1201 oG ofheBhe! Nenbiiphgggati on
amount s of € vari ous s I nor are
"Acti vat edbindgrarabel agdecest attOe @ﬂh a@g@erexandr §8s Prieed Bsor pei on”
(Trade nangs OBERHSE! é@@b§Ytﬂ¥%ﬁﬂgﬁ XﬁguﬁhPLS@rmeéﬁﬂe)%6§e§sfﬂomThEe

specific surface ar% the activated charcoal is % nd t he
pore vol unti¥s2¢e g6 c/?j &hediof i 6OREy FIP altéﬁ a 9dr e8! une of
silica, alpelket serits ecsorbet, frod shot besidezedl the ﬂéBlé’ﬂO’E\ﬂ theTable 5

whi ch _ outside. Then, the basic gaseous impurities in the air
are adsorbed and removed by the adsorbent.

In the present invention, gaseous basic impurities
in the clean room air can be adsorbed and removed by means.
of the adsorbent. And gaseous organic impurities such as
DOP (di-octyl phthalate), DBP (di-butyl phthalate), BHT
(butyl hydroxytoluene) siloxane and so forth, can be
adsorbed and removed by properly selecting powder of an
inorganic substance as a binder, which includes micropores
and/or mesopores. Accordingly, the filter according to
the invention 1is applicable to even the atmosphere
including basic gaseous impurities and gaseous organic
substances, which cause the surface contamination of the
substrate, and may capture most of these chemical
contaminating substances. :

In the present invention, as for a filter having a
first inorganic material "layer and a second inorganic
material layer, the exfoliation from the salt of the
inorganic acid contained in the first inorganic material
layer in the inside of the second inorganic material layer
or contained in the first pellet can be prevented by the
outer second inorganic layer or the coating layer outside
the second pellet, in the case where the first inorganic
material layer is placed in the inside, or in the case
when the filter is provided with the second pellet. In
this case, if powder of inorganic ‘substance forming the



FTNK98004 21/101 will be described |ater. Table 2 Measurenent result of the
anount of inpregnation of salt of inorganic acid to powder of activated
charcoal and inorganic substance. (chem cals inpregnation amunt(g)/wei ght
“of the actilVk38@4char coal of inorganic substance (g) ) X 100 [%

FTNK98004 22/101 Kinds of salt Titany Alum num Zirconiu Sodgump]

Pot assi um of - tnorganic 1 sul fate m hydr oge hydrogen
aci d ' sul f at sulfate n sulfate e

sul fate Coreld alh®Fganlé materia?’ layer or28he outermddt coathﬁ# of
sal t of .inorganic acid (%, Activated . 15 . 34 3
17 layexh AOKS aéqﬁﬁqa}g]rq or myysical aggprption ofyggaseous 45
51 Silicao3glanic sub¥tances sAU¥h as DOP,23BP, BHT, 1difloxane, 14l so
forth which cause the surface contamination of the
substrate, there exists another advantage in such that
these gaseous organic substances can, be adsorbed and
removed by the pores. ,

WVhen the first inorganic material layer is placed on
the outer side, though the aforementioned dust protection
effect vanishes, the adsorption effect for the gaseous
impurities remain unchanged. The adsorption and removal
of the basic gaseous impurities in the air is performed in
the outermost first inorganic material layer which are in
direct contact with the air in the clean room, and the
adsorption and removal of the gaseous organic impurities
in the air is performed in the inner second inorganic
material layer. |

Here, the aforementioned adsorbent will be briefly
explained. The adsorbent is prepared by impregnating a
salt of an inorganic acid to powder of an inorganic
substance consisting of at least one of 'diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, ‘or synthetic zeolite. For powder of
these inorganic substance, Table 5 (I) shows the
measurement result by means of the gas adsorption method
for the total volume of the pores distributing in the
range from 5 to 300 angstroms and the specific surface
area of the pores of the inorganic substance.

Table 5
Physical property of the pore of various kinds of powders.



Al um na, gel 95 200 240 105 120 M xture
of 90 - 195 235 104 120 silica and al um'na
Al.um.num 96 203 237 106 122 silicate
‘Act i vat ed FINK9800447 " 100 116 51 60 al umi na Porous
gl ass 24 52 57 _ 26 30 Activat eglilc/lﬁi/ 58
123 145 64 73 Activated - 36 90
40 46 bentonite . Synt heti czeol i 70 150 . 175 78
90 te (h 1T C rte) |1 WE, gnt Y rcoa) f
i nor gani ¢ s‘h‘g&%n % he \A&epg?rﬁl "’s?&i \?\]B?%%u 0 adcrﬁ/r)g_g} |
noi sture.|{ As shown |n Tabl e 2, &heBEﬁbmgaMOd subst abgeNgugtsaspBidnca,
al um na sleri es adsorber, synthetic zeolite can be FTNK98004 23/ 101 jruch
nore’  increased in the inpregnation anmount than charcoal.
Accor di ngiRore ssirdes ofta BH0 ravgptriomsadsor bent such as the air filter pf
the presentgipygptdgnhas an 200 0. 25
| silica gel © 400 0. 61
alumina gel 250 0.60
aluminum silicate’ 225 0.60 .
activated alumina 300 0.30 | (I)
porous glass 400 0.15
activated clay 300 0.37
activated bentonite 87 0.23
synthetic zeolite . 400 to 750 0.35 to 0.55
| Tale - 28 0.07 .
Kaolin mineral 21 - 0.06 (11)
Bentonite 23 _ 0.03 )
Sepiolite 295 0.33 (II1I)

Silica gel is used as silica for powder sample.
Alumina gel is used as alumina for powder sample. The
reason to pay attention to pores distributing in the range
from 5 angstroms to 300 angstroms is that the pore having
size of this range is most suitable for the physical

-adsorption of the gaseous impurities, and the gaseous

basic impurities contained in the object air are apt to be
adsorbed in these pores. Since the salt of the inorganic
acid is impregnated on the surface of the pore, the
gaseous basic impurities neutralize with the salt of the
inorganic acid at once to be chemically adsorbed, so that
they never desorb again. The larger the specific surface
area of powder of the inorganic substance is, the larger
the surface to be impregnated with the salt of the
inorganic acid and the volume .to absorb the gaseous
impurities becomes.

However, when the inorganic substance in Table 5 (I)
is impregnated with 'salt of inorganic acid, the salt of
the inorganic acid comes into the gap portion of the pore.



adsorptive life for gaseous basic inpurities |onger than the activated
charcoal adsorbent. Next, the consideration on the point of outgas will be
described. In the chenical filter formed in 'a felt shape by
“conbi ni ngFTNR9BE04 fi brous activated charcoal inpregnated with chem cal
such as salt of inorganic acid etc., with organic binder such g@nB?Iyester
having a fow nelting point or polyester non-woven fabric, ""in the
chemcal filter forned in a block shape and a sheet shape by firmy fixing

non- wovenkPaBFLRBETnothe SRREERELSphEhlaraREncAng, bBa"p0r R IR o oae s
generatedarecwnanqmdnnabdansdebueasedtswhénlrcGMMan@ dgawmi th bitheer purke
uret hane £8§g§n1£h§ub999nw@vs 8othe. inBPlenbP2onddNRY! YRor fBA UL s of

organi c i puF gas | gen %PE e‘reaction betwedn
or gani ¢ c@hbﬁt@@@ﬁt izndTehé atb@llhba'@eﬁ)f at hehemicga bakrgactdpnt he

redUCt'OanEhtQﬁe0%h&ﬁ%gﬂéFé$“%é¥ﬂ'6? Qﬁ@'&hdﬂkéﬁﬁdﬁhéﬂf woe! epfil ter is
heat ed at % Eperat fectivy However | t hese

or gani ¢ csﬁgtp@ee {057 s éh@@écaétadﬁoratéea|&pnéhsygﬁéapuﬁgbaﬁny at
10?[er[]gmﬁui5eis§r]ﬁa b'ﬁfenr%aa%o[@rfr]%m thotrgaide iayiidi Qg pabst of

acti vat ed charcoa es MpoSS

AddltlonaP??aleﬁL?frq#%Ftﬁ |ngD&@ﬁpyht%ﬁrtﬁaﬁébgﬁygﬁ%?ﬁe§°hi8ﬁ#91at
38[err] C shilibicsathe dm¢dhmm¢|tocmea&mwmmthtaﬁndﬁ Aildes, umlsnihat e when
T oo e d Soko841i83 A SBlmifh, I IRGANE o PELdbroabgR  mRkes

It |np055|ble rai se the nperat ure as hi
porous glass are also hard to react with a01d Activated

alumina is obtained by heat dehydration (450°C) of aluminum
hydroxide and is hard to dissolve in acid. Activated clay
can be obtained by sulfuric acid treatment of acid clay
and is hard to dissolve in acid. Activated bentonite is
obtained when calcium type bentonite or acid clay is
treated by heated sulfuric acid to -eluate aluminum
montmorillonite or magnesium montmorillonite, so that
excess silicic acid having many pores on the surface
thereof is produced. Accordingly, its adsorptive power
and the catalytic power are increased and it is hard to be
affected by acid. Synthetic zeolite also has a nature not
to be easily affected by acid. |

On one hand, in all inorganic substances such as
talc, kaolin mineral, and bentonite, which are generally
used as a binder, as shown in Table 5 (II), the pore
volume and the specific surface area of powder
distributing in the range from 5 to 300 angstroms are
extremely small compared with the inorganic substances in
Table 5 (I). The pore volume and specific surface area of
powder of sepiolite which is a kind of hydrated magnesium
silicate clay minerals having a crystal structure of the
ribbon type in Table 5 (III), ranging from 5 +to 300
angstroms are large, similar to the inorganic substance in
Table 5 (I). However, if the inorganic substance in Table
5 (II) and (III) is impregnated with a salt of an



On the ,other hand, in the air filter of the present invention which _
consi sts sol ely of i norganic materials, the whole supporter forned of the
inorganic material |ayer before inpregnation with salt of inorganic acid
“can be baRENK98004 hi gh tenperature above 350[err]C, so that the outgas
FTNK98004 24/ 101 generated fromthe inpurities contained in tpg%h%?rganic
material |ayer can be conpletely renbved by this baking treat Each.
powder usable for the present i nvention, shown in Table 5 which will be
descri bed,] at er
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lost.

Since powder of the aforementioned adsorbent (the
adsorbent ©prepared by impregnating the salt of the
inorganic acid to powder of +the inorganic substance
consisting of at least one of diatom earth, silica,
alumina, a mixture of =silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite) has no self-
bonding power, in order to pelletize powder of the
adsorbent or to fix it on the surface of the supporter in
a layer, a binder must be added.

In the present invention, an inorganic material
layer is formed by fixing powder of the adsorbent on the
surface of the supporter, or a pellet is formed by
pelletizing powder of the adsorbent, using powder of an
inorganic substance consisting of at least one of tale,
kaolin mineral, bentonite, diatom earth, silica, alumina,
a 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, activated bentonite or-
synthetic zeolite as a binder or a filler. Silica may be
replaced by, for instance, silica gel, while alumina may
be replaced by, for instance, alumina gel. Similarly, the
mixture of silica and alumina may be replaced by, for
instance, the mixed gel consisting of silica gell and
‘alumina gel.

It is preferable that the supporter for use in the



After pulling it up, it is dried for 2 hours wunder a current of air
at 120[err]C. Tabl e 3 shows soluble outgas concentration detected with
an ian-chromat ography when purified air in a rated air quantity is allowed
to pass tIpTgRagnoihese air filters. The neasurenment result of the
concentration of inpurity gas contained in the purified air is s2omn as a

background val ue. Table 3 Measurenent: result of the outgas condé

the conventional air filter and air filter according to the present.
FTNK98004 25/ 101 (vo%d¥¥2 Ametéc Formc NH err] Chjorin_ SO err]

NJ err] aditdter fG%P _ _ _
hQne§ cob02saeticvared chaltoais fialliser Areférabes ofhdthe the’l

oigferdolBy stpeimre I8 £giad” BFCdngrBESRy HRER o ABeor o

0. 07
0.19
0.02
to the

to the cdRyentigRals made imga formjof a

r éadlispenispblsi mgpquirenant fthetrefore. The adsorptive layer
of the honeycomb structure has a ceramic-like solid
surface and the amount of exfoliation is extremely small
compared with the conventional chemical filter using
charcoal impregnated with chemicals or ion exchange fiber.

“When powder of each inorganic substance is applied to
powder of inorganic substance used for fixing the salt of
the inorganic acid, or the binder used for fixing thereof
on the surface of the supporter in the adsorbent, there is
hardly any desorption of gaseous organic substancg from
the material constituting the air filter of the present
invention.

The term “honeycomb structure” as used in the -

invention stands for not only a structure with the shape
of a honeycomb but also any structure including a
plurality of cell as an element through which the air can
pass, for instance, a structure having a grid shape in
section, a structure formed of a plurality of corrugated
sheets and so on. Furthermore, the term “supporter” is not

limited to the honeycomb structure-.and may be any of a.

three dimensional mesh structure like rock wool. In this
case, powder of the adsorbent of the present invention is
preferably fixed not only on the surface of the mesh
structure but also to the inside thereof.

As a method to fix the adsorbent to the surface of
~ the supporter, there are a method to fix by a binder made

of powder of an inorganic substance, and a method to
pelletize powder of the adsorbent into pellets using
powder of the inorganic substance as the binder and to
adhere the pellet on the surface of the supporter with an
inorganic adhesion assisting agent. _

In the air filter according to the present invention,
when either one of a pellet made by pelletizing the

t%ation of

0.22

W th
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relating to the present invention, generation of the outgas fromthe
filter itself can be confirned to be far less than that by the conventi onal
activated charcoal filter. - Acetic acid and formc -acid in the table
“are conS|g§m§mo@Q be organic acid forned by the reaction between the
organi c constituents contained in the filter and the |npregnat§g6ﬂ§|d of
the. chemcals. As for NH3, chroline, and NJerr] , they are | der ed.
to be derived fromthe inpurities originally contained hbxt the method
-for manufactugin cus filter uses an

) wll b S
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kept drybmﬂtee:r ordehyﬂihwﬂ b8 a meraErd péhlet hforgbénbealcoadlingi on
(sol ution salt

id
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h ¢ ¢h ed 1 t sQube ot r o
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hard to penetr he pore éord ng preevi odsly
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size of the flow path of the air, and the installation
requirement of the filter.

According to the present invention, flexibility in

design can be obtained so as to be able to properly select
the shape and size of the casing, and the amount of the
pellet filled in the casing according to the shape and
size of the flow path of the air and the installation -
requirement of the filter. _
In instances where both gaseous basic impurities and
gaseous organic impurities are required to be completely
removed, in the inorganic substance, the inorganic
substance o , and the inorganic substance B used as the
binder of the adsorbent, the total pore volume of powder
having the diameter in the range from 5 to 300 angstroms
is preferably equal to or more than 0.2 cc/g, or the
specific surface area of the pore is preferably equal to
or more than 100 n?/g. Whatever the case may be, each
powder of these inorganic substance, the inorganic
substance @, and the inorganic substance 8 contained in the
inorganic material layer or the pellet used as a binder
for powder of the adsorbent, has the «capability to
mechanically fix powder of the adsorbent on the surface of
the supporter, the capability to act as a binding agent
for pelletizing powder of the adsorbent into a pellet, and
also has a porous structure in such that the object gas to
be cleaned can easily arrive at or return from the salt of
the inorganic acid impregnated to the surface of . the
inorganic powder consisting the adsorbent.



atnospheric pressure, is far nore with the inorgani c adsorber than with
‘activated charcoal adsorber as shown in Table 2. Table 4 shows the

i rpregnation anmount of various kinds of salts of inorganic acids for the
fol l owi ng ppKaggmse. First case is that powder of silica gel, that
I's an inorganic substance, is dried in the air at 120[err]C fo&%png hour
to reduce the water content |less than-1% of the total weight, a 10 kept
in a dry box. The second case is that the silica gel powder having water
content abgout 30% of the total ight js kept long in nor mal yoom

at mospher eTf@nshieody aiF] &0 ber 2 laAnad i t§a oy . T thy sakk okbove
silica gelthés ingwgimied adcid aduw@pedgnaekdt i oy ofhe/ardy@facki ngg ofhsalts of
i norgani ¢ aci ds, havin concenhratlﬁn from?24 wt%to ?8 wt % for 30 mnutes
and is pul PEROTRERThEOWALT s TAFPBEN| nthe 23T PAEMESBEEr (AT G 0PT2 HRRir s.
Tabl e 4 D féemedcénoftheheadjapragnatardi onrdetiv eahn \mdmﬁv&dhng%bftlsal ts of
I norgani c ' ar_gi t he_pres . ab ehydrati pn
trea?nenh ?@6f€%ﬁ§?|F%§%§§#26 inﬁngn%&ﬁ%ﬁﬁgﬁbuﬁﬁg§$a@ﬁ@nﬁcaﬁgﬂ(gﬁ?%eight
of acti vat teorganrtoasulstimee Janise s westtiecadsgyrpextiead g bndet) on
Tranyl - AYMBD g£566081 AL PRt 11 TOL 2358 UbAbved.  blFiRY! ERLE

sul fate sultate ydr ogen ydrogen silica ge -

sulfate DEE¢as.e Nfie " gaseous ggrganic ppepurities 23g physicablyy

123 adsorbed on the surface of the pores having a pore
diameter in the above—mentioned range existing on the
surface of the aforementioned inorganic powder used as a -
binder or a filler, and removed. Accordingly, besides the
removal of gaseous basic impurities, which is one of the
main purposes of the invention, the removal of gaseous
organic impurities can be secondarily achieved by means of
the pore of each inorganic powder described before which
is used as a binder or a filler.

The specific surface area and the pore volume of the
binder belonging to the groups (I) and (III) in Table 5
are considerably larger than those of the binder belonging
to the group (II). Therefore, the binders (I) and (III)
are superior to those of the group (II) in terms of the
phisical adsorption function against gaseous organic
impurities. The inorganic binders of the group (IT), for
instance talc, kaolin mineral, and bentonite are selected
and used primarily taking account of air permeability of
the porous structure constructed therewith. Most of air.
permeable pores that are formed between adjacent binder
particulates and also between the binder particulates and
the adsorbent particulates fixed to the supporter, have a
size of about 500 angstroms or more. In other words, these
air permeable pores are excellent in air permeability, but
are in the macropore range and less contribute to the
physical adsorption. Furthermore, the particulate surface
of the inorganic binder such as tale, kaolin mineral, and
bentonite, includes few pores capable of performing the



dehydratio n Dehydratio 121 260 313 - 134 159 n
As -apparent from Table 4, the inpregnation anount of various salt of
.dinorganic acid can be increased by 25%to FTNK98004 27/101 33% when the
silica ge@qﬂﬁg deration-treated conpared with the case mnthoyt_

dehydrati on. his is because water in the pore of the silica gel

is driven out by the dehydration treatment, so that the sold/i@ih can be
easily penetrated into the pore on imrersing in the solution of the

chem cals. The reason why the salt of the inorganic acid is used in place
of the or @h¥isd cadi @dsoTmiid omie gragans agania simpurtiid eadsoByerthies as

fol I ows. RG@'OFQﬁﬁlﬁoﬁ@'@oR§m€§|b?d1ﬁﬁ§ é'§1§§'gn @Hg (35 gRUMER, O
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Eztegr:‘glr dln}é;gﬁ“ EREd gr(??g%m ?o&r‘h/geveﬁ‘ ge |ag'1d£] Sgg i fG%&i on of
t he organm@smemalwwﬂeLf, Ithedmse Boumdesthat the_group (II) have few
micropores and mesopores relating to the physical
adsorption, but mostly have macropores excellent in air
- permeability, when compared with Table 5.
Consequently, the inorganic binder of the group (II) in
-Table 5 is primarily used for the purpose of mechanically
holding powder of the adsorbent on the surface of the
supporter. The quantity of powder of the adsorbent to be
held on the supporfer 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 powder of the adsorbent
is preferably as small as possible. However, if the

quantity of the inorganic binder is reduced excessively,
powder - of the adsorbent is incompletely held on the
supporter surface, which might cause powder of the
. adsorbent to peel off and make it act as a kind of a dust
source. For instance, when forming the inorganic material
layer by fixing powder of the adsorbent to the supporter
surface, .using bentonite as an inorganic binder along with
silica sol as an inorganic adhesion assisting agent, if
the weight ratio of powder of the adsorbent to the entire.
inorganic material layer on the supporter surface exceeds
75%, it is found- that the mechanical strength for holding
the inorganic material layer on the supporter surface is
impracticably weakened. In short, the role of the
inorganic binder of the group (II) is to firmly hold the
inorganic material layer on the supporter surface and at
the same time, to secure such excellent air permeability
that the object gas can reach powder surface of the
adsorbent with ease, but is not required to physically



fear that the organic acid is gradually deconposed into a substance |ike
acetic acid which is easy to-gasify, by breeding of a m croorgani sm which

" takes the organic acid as a nutritive source, thereby causing new

cont am nagh@yshys t he gaseous deconpositi.on nmaterial . Furthernore, once
the organic acrd deconposes, its initial function as the organic

| mpregnati on chem cal s to neutralize and chem cal ly ad®d0 t he
gaseous basic inpurities is lost. On-the other hand, salt of inorganic
~acid can not be a nutritive source for a mcroorganism and, sal t
of inorgadfgorhcgasepus kowganic olmpumitiesterilizing function against
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Cbnsequen of an“inorganic acrd aci y and
| ess group (II). It should be noted that the pore volumes

having the pore diameter in the range from 150 to 150,000
angstroms measured by the liquid mercury press—in method
for powder in the group (II) are 0.8 cc/g, to 1.7 cc/g,
respectively. The specific volume having the pore
diameter -in the range from 150 to 150,000 angstroms
measured - by the 1liquid mercury press-in methed. for
sepiolite in the group (III) is 1.6 cc/g.. Thus, the
excellent air permeability ‘is secured and the object gas
can easily reach powder surface of the adsorbent, so that
removal of gaseous basic impurities is carried out in the
same manner as in the case of the binder belonging to the
group (ID). |

The strength of the physical adsorptlon by the pore
against gaseous molecules increases 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) (III) 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 angstroms, so that
gaseous organic impurities such as DOP, DBP, BHT,
siloxsane which- are hard to be removed by powder of the
adsorbent and cause the surface contamination of the
substrate, can be physically adsorbed and removed at
powder surface of the binder particulates.

When the binder of the group (I) and (III) in table



hazar dous

inpregnate to the adsorber. There are two kinds of zeolite, natural

to the human body, 1is suitable as the acid substan

and synthetic zeolite, and industiially synthetic zeolite is nore

used t han

FTREY80T4 zeolite which is poor in purity. Natural zeotite h

pores in various sizes from3 to 10 angstrons,. but it is possib
the synthetic zeolite to produce pores uniform-in size. In the
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In the air filter of the invention, in which the adsorbent
is fixed on the surface of the supporter using an
inorganic powder of the groups (I) and (III) in Table 5 as
a binder or a filler, and the air filter in which pellets
made of the adsorbent is fixed on the surface of the
supporter using the above-described powder as a binder,

the supporter is coated with the inorganic material layer
or the pellet layer to adsorb and remove gaseous organic
impurities. Therefore, even if the supporter includes an:
organic material that desorbs gaseous organic impurities,

the gaseous organic impurities generated from the
supporter itself can be adsorbed and removed by the
inorganic material layer or the pellet layer covering the
supporter, so that the gaseous organic impurities are
never mixed again with the once cleaned object air on the
downstream side of the filter.

S possible to design an air

In the air filter according to the present invention,.
an average pore diameter of the adsorber made of the
inorganic powder to which a salt of an 1norganlc acid is
impregnated, is preferably 100 angstroms or more. The
salt of the ‘inorganic. acids dissolve in the liquid
according to the respective solubility, but they lose
moisture content during drying process and remain in the
adsorbent held by the supporter as the solid state salt of
the inorganic acids with a very small moisture content.
If the solid state salt of the inorganic acid blocks the



filter jhaving excellent performance to adsorb gaseous organic inpurities.
As the silica of the present invention silica gel my be used, whi]e
~alumi na-gel nay be used as -al um na. FTNK98004 29/101 Sinmlarly, the

m xture ofTMkoRpgL del and alumi na gel may be used as the mixture of silica
and alumna. In the present invention, as for the constit@ﬁ5 havi ng
a pellet, gaps to be air-perneable pores, are forned in the poﬁ 1"0ns where
particul ates of powder of the adsorbent or particulates of powder of
the inorganic bindger are %djacent to each ot her, %nd_the obj ect gas to be
cl eaned pR8%iesOPRRABGHOERENS| adserbey| dhsodaseousmbeRdcsamPHEAtiBE ¢ he
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proper |y ggl q4id ngapEMEIET oRf aNTH108 BRBh £ UBRUAE S Andd SEL . t1bi Ch
i ncl udes m cropores . . . .

protection efficiency of ammonia by the air filter in

which various silica gel having different pore diameters,

the pore being impregnated with a salt of an inorganic

acid is held on the surface of the supporter, and obtain

the result shown in Table 6.

Table 6

Protection efficiency of ammonia by the air filter in
which various silica gel having different pore diameters,
the pore being impregnated with salt of an inorganic acid
is held on.the surface of the supporter. ‘



and/ or mesopores.

Accordi ngly,

the filter according

to the invention

is applicable to even the atnosphere including basic gaseous inpurities and

gaseous organi ¢ substances,

whi ch cause the surface contamnm nation of the

cond
case
t he
. if

| e

e

'SUbstrateinK@ﬂ@4 may capture nost of these chem cal contam nating
substances. In the present invention, as for a filter having a f|r$
I norganic material |ayer and a second inorganic materi al IayeAl/I]he
exfoliation from the salt of the inorganic aC|d contained in the first
inorgani free e ay-eft Th—t-he—rstderof—the oc\.,ulru HRpr-ganirc—raiertad
| ayer or |domergigemren the [fA% st [ let|8An belpBeydBBed|BP9t nd08ul 420se
i norgani q diamRitedr ¢X)e cogting layer optsidejthe second|pell¢t, in the
Wherethtllfbl rmoTgam T EteEr Tt a ptacet Tt Ty Tde T =1
case wher| Bo¥eé fi | teWOEEmﬁr&/i‘@ed %é h ¢1eése< énd pé et.'i-5| %%ﬁi $ §rcﬁ%e
powder of| (glgtgdani ¢ substgnce foym ng FTNKD8004 3¢/ 101 second
I nor gani g rerj.at rayer (o]0] 0] er 3 an
for physiégEQ%ﬁkﬁption of aﬁ%% s;hg5a1g§ sugﬁaasagéP é@
BHT, sil dsane€acand soafeat L the surfate confami nation|of tH
substrateug§2§zze§igigibgf hge i njsuch|that these|gasepus
ofgani ¢ s eh—

NHy - Protection 90 |95 100 100 |100 [100

efficiency (%)

Aluminium

sulfate/silica

gel '

0.32/g

NH; Protection |55 60 95 100 {100 100 {100 |100

efficiency (%)

Aluminium

sulfate/silica

gel

0.3g/g

As clear from the above result,

if the average pore

diameter of the adsorber is more than 100 angstroms, the

opening of the pore is hard to be blocked by the salt of
the inorganic salt,

reduced.

In the filter of the present invention,
the
the second inorgéhi@ material layer,

or the second pellet may

material layer,

inorganic

layer,

the first pellet,
inorganic adhesion

adhesion assisting agent
from sodium silicate,

assisting

fi

rst

agent.

and alumina.

inorganic

The

and the protection efficiency is not

either the
material
the pellet,.
include an
inorganic

is preferably the one selected

silica, In this case,

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

may be used in place of alumina.

The

salt of the

inorganic

aci

d used

in the

filter of the present invention is preferably sulfate.

air

Main salts of inorganic acids when classified by the



repoved by the pores. Wen the first inorganic material |ayer is placed on
the outer side, though the aforenentioned dust protection effect vanishes,
the _adsorption effect for the gaseous inpurities remin unchanged.
‘"The adsor rgygoaad renoval of the basic gaseous inpurities in the air is
performed in the outernost first inorganic material |ayer which Ziik

direct contact with the air in the clean room and the adsorptl

renmoval of the gaseous organic inpurities in the air is perfornmed in the

I nner second i norgani c na}grl ntlo d, adsor bent

wi Il be brSod yoExfibs nag: é&%?%Hﬁ%re h 59&2@ ddpy | f@gtﬁat. ng a
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of at east_,one ear Si ugi na, a,m xt.ur.e of silica
and al uni aa%ﬂﬁ%%'fﬂ?lc %ﬁt pOBERLR a&\ﬁﬁi %8, rpﬁ(?r Jeéky2eddityct i vat ed
clay, act iHetred et dei: tmghbr g@yxmtrladael cgxsad | sach drchborene ofantdhes:a ]

I norgani c f?*%% Lang bl 5 A r result by
means of t e S adg%;? }%% W%fﬁgﬁ ?%é %ﬁ£§pg$§ﬁ $u%g?% tﬁgE%%@ S

di stri but imek erg tite diffjeultoni® till3aE. and\bﬂ’m@ ambduee sspagidniamsur f ace

area of theg fenes W ﬁ@ﬁ‘tf&?i%ﬂ Cy3hStamtsial ML BhbPYSicalddQperty of
the pore 'Ofo VngqIJ g«fe hea{tiox?g ?;lsa closed state. Phosphate is
often 1mpregnated to a conventional filter using activated
charcoal for removing gaseous basic impurities because it
is weak in acidity and less harmful to the human body.
However, when once phosphorous desorbs in a gaseous
material, it becomes a contamination material to dopant in
Table 1. Accordingly, phosphate is difficult to use in a
“high efficiency air cleaning apparatus. .As above,_sulfate
is most preferable as the salt of the inorganic acid used
in the present invention.

The boiling point of sulfate is preferably more than
120°C. When an inorganic material layer is formed by
fizxing the adsorbent prepared by impregnating sulfate to
powder of an inorganic substance on the surface of the
supporter using powder of an inorganic substance as a
binder, moisture in the inorganic material layer is
evaporated and removed by heat—drying the supporfer

surface. In such a case, in order to promote water
evaporation, the temperature is often set at 110°C to 120°C
which is above 100°C, the boiling point of water. From

this point of view, the boiling point of the sulfate must
be above 120°C.

When an air filter having a long life is configured,
it is preferable to use an adsorptive material having an
ion exchange amount of more than 10 meq/g, because
material having an ion exchange amount of less than 10
meq/g has a small adsorptive <capacity for Dbasic
contamination as an adsorbent. Furthermore, since it is
difficult for .a substance which is liquid at an ordinary



FTNK98004 31/101 Powder sanple Specific Area(nferr]/g) Pore Vol une

(cc/g) by BET Method by N2 Adsorption Pore size: 5 to 300 angstrons
di atomearth 200 0.25 silica ge

~ 400 0.61 al um na gel 250 0. 60
alun1nun1§n%9§g¥% 225 : 0.60 activated al um na
300 0. 30 ¢1) porous gl ass 43/1800
0. 15 act.ivated cl ay 300 0.37 activated bentonite
87 0. 23 synthetlc zeolite 400 to 750 i 0. 35
to 0.55 Thémperature fix on28an inorganic pawddT,Kaoll n ¥ neral
21 1 6 1 @hlikhBery OQbifd at rdinary 23
0.03 Sep IOfeferab ¢ 0486 use su Egge i 2} an ordinary III)

Silica gbempesat%@d Amongj ppdhatesy Sbbﬁﬂ%ﬁwe%aﬁbl@h 2ethshn abl
used as ghegknehQirPRYAES a&@npﬂletanlehﬁurwn s DuRpvumt §@DF4 08, to pores
dlstrlbutln L0 the r e from>5 angstrons 300 angsirons that the
por e havi Y@ afdiun of SPﬁEgtPangéllrscoﬂgélfn Slﬁuc]a?fﬂtee forsg‘i’eu“bhygffa’é?g%ﬂsor ption
of the gastaus, am@uwatasﬁaumehvﬂrdéuh sgdsaaes basic inpurities contained
7 LD ovLect AT o ehp D RUERLARAAR WSS TROTERL cor SRCEyhES o1l
t he gaseousebast01nnputuonesthemﬁaﬂuzefmﬁhb timerganti cofacite may be
dissolved separately in advance in a suspension (an
adsorbent is contained as an essential component) .to
immerse the supporter therein. Then when the supporter is
pulled up from the suspension, the salt of the inorganic
acid dissolved in the suspension penetrates in the gap
portion adjacent to the particulates of the adsorbent
powder or powder of the inorganic binder. The supporter
is dried thereafter, only moisture is evaporated from the
salt of the inorganic acid immersed in the gap portion so
that. the gap portion becomes an air permeable pore in the
inorganic material layer. In short, the solid matter of
the salt of the inorganic-acid is held on the wall surface
inside the air permeable pore. As a result, it becomes
possible to exfend the life of the filter by increasing
the amount of the salt of the inorganic acid. The salt of
the inofganic acid dissolved in advance in the suspension
has an effect to complement the salt of the inorganic acid
lost by dissolving from powder of the adsorbent into the
- suspension. .
According to a method for manufacturing the air
filter of the present invention, the filter can be
producéd only from the materials not generating any
gaseous organic impurities. In addition, the air filter |
can be practically composed only of materials having no
flammable substance. 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. When



inorganic acid at once to be chemcally adsorbed, so that .they never desorb
agai n. The larger the specific surface area of powder of the inorganic
subst.ance is, the larger the surface to be inpregnated with the salt of the
inorganic 'g the vol'une to absorb the gaseous inpurities becomnes.
However , ﬁﬁ@% gﬁ% I norgani ¢ substance in Table 5 (I) is inpregnated with
salt of inorganic acid, the salt of the inorganic acid cones |n¥V10he gap
portion of the pore. FTNK98004 32/101 Accordi'ngly, the specific surface
area and the pore volume are considerably decreased when conpared with the
pure i nor gahi ¢nsnpsnancaaieirdad thayémpiegrfarined. on Nohéngugdaice sobst ance

Tabl t h Ctl.icO t nat ed salt
BP tﬁe ?nd?bag%%ppéfgé*a S?hwﬁe gg%ggg% éﬁgyggfq @Léﬁbfﬁ gﬁ@%?% Th to the
gaseous baateyiadurlaven on the ssconér imesgendcgdaveradisd formest on
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acid.  Actdwat.edied uiiret i sndbs et sued byofgad i ¢lefweaid 1o {ydad 6f7]10) of
al um num drOX|de€%pd is hard to dlssolve in acid Activated, clay can be

obt ai ned by A T Yaci PR ¥R netlte of 1DQYgPRY G,y adhesion  assisting

agent. _

As a salt of an inorganic acid used for the
manufacturing of the air filter of the invention, sulfates
are preferable as described before. Among them, titanyl
sulfate, aluminum sulfate, vanadium sulfate, zirconium
sulfate, sodium hydrogen sulfate, and potassium hydrogen
sulfate are suitable.

According . to the high efficiency air cleaning
apparatus of the present invention, the surface
contamination caused by the environment on the surface of
the substrate to be handled in the space in the high
efficiency air cleaning apparatus can be protected by
removing the gaseous basic impurities contained in the
circulating air in the high efficiency air cleaning
apparatus and according to circumstances, by also removing
gaseous organic impurities. The high efficiency air
cleaning apparatus of the present invention uses neither
flammable activated charcoal nor flammable ion exchange
fiber, thereby making it superior in preventing fire.

. Accordingly, the air filter and the filter to remove
particulate impurities can be placed on the ceiliné
portion of the space.

Brief Description of Drawings

Fig. 1 1is a schematic exploded view of a Tfilter
according to an embodiment of the invention;

Fig. 2 is a partly enlarged sectional view of a
filter in which an inorganic material layer is formed by
fixing an inorganic powder impregnated with a salt of an



and i's hard to dissolve in acid.

Activated bentonite is obtained when

cal ciumtype bentonite or acid clay is treated by heated sulfuric acid to
el uate.alum numnontnorillonite or mgnesium nontnorillonite, SO

t hat

excess SI%;@kgg@@éld havi ng many pores on the surface thereof is produced.

Accor di ngl
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and it is hard to be affected by acid. Synthetic zeolite al so H&1@l nature
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in Table 5 (Il).. and, (II1) Qs i L8 |
in Table 5 ( 1i£2r6a 5 %C. é%tghgpﬁﬂ{‘%ﬁ S&Mg&bogﬁ& v Of%i r?glpgani c

inorganic material layer made by fixing an inorganic
powder impregnated with a salt of an inorganic acid of the
present invention on the supporter surface with an
inorganic binder; _

Fig. 5 1is transverse and longitudinal sectional
views of a cylinder ~type air filter having a double
cylindrical casing. which is filled up with pellets made of
an inorganic powder impregnated with a salt of an
inorganic acid;

Fig. 6 is a schematic exploded view of a filter
according to another embodiment of the invention;

Fig. 7 1is a partly enlarged sectional view of a
filter including a honeycomb structure formed by
alternately stacking a plurality of corrugated sheets and
thin flat sheets, a first inofganic material 1éyer that is
formed by fixing powder of the inorganic substance
impregnated with the salt of the inorganic acid 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: a

' Fig. 8 is a partly enlarged sectional view of a
complex layer including the first and second adsorptive
layers; _

Fig. 9 is a schematic illustration for explaining a
high efficiency air cleaning apparatus. according to an
embodiment of the invention;

Fig. 10 is a schematic illustration for explaining a
high efficiency air éleaning apparatus according to



acid neutralize with each other like talc (Mer r][(C}D[err]Sl[err]CIerr]],
kaol i n m neral (Alferr][(OH)[err]Si[err]err]]) or .
sepiolicte (MJ[err]Si[err]ferr] (OHerr]) ‘[err] .6 to 8H20) or ion-exchange
with each pNregeoer chemically react with salt of inorganic acid by means

of the cation exchange function i ke bentonite. Accordlngly,
the chemnical adsorption function of the salt of the inorganic a#/d0to the
gaseous basic inpurities is lost. Since powder of the aforenentioned

d bent t adsor bent prepar by inpregnating the salt of the
?ni?éaﬁ?c aé%{hﬁrt@ﬂbqﬁ§m5§$ ; %@hé%ve Adrigani ¢ substance consisting of at
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cl ay, actl%%ﬁth bgﬂg%ﬁ,ggané%rwg ?l@aSﬁéﬂQtQ§ Wkﬁ sk¢§ardbondi ng -
power, in teder stid igemn| etdfer dmmharg oﬁ tshdladaordwxgd@ év;rffaele I‘ﬁ]@m the t
surface of:the.s r.Ln I n must_be, a n e presen
i nventi on, it ?Sn%$g§%é§ n%tg ?yf%§%r ? ?8?%95°%$ ?F§?§€h$5%ﬁe% ©f the
adsor bent tihethélsaltfa@adof stem@nsluppammoesphﬂresa ped 1 reg lseipédsr’eﬁvdoblyb t

fot u ovkler i_Ror gani ¢ subst ance
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silicate clay m a cr sta structure of

ha n
acti vat ed Il:laa’fnfela@i%/zf\c/cié’t? diag: 4K tée dnvention;

Fig. 12 is a graphical illustration showing a
correlation between the contact angle measured by a method
of dropping ultra 'pure water droplet and the surface
contamination by organic subStances measured by the X-ray
photo electron. spectroscopy (XPS), with regard to the
glass substrate exposed to the clean room atmosphere;

Fig. 13 1is a structural view in section of an
inorganic material layer according to the embodiment A of
the invention; :

Fig. 14 1is a structural view in section of an
1norganlc material layer accordlng to the embodiment B of

- the invention; .

Fig. 15 is a perspective view of a model of first
and second inorganic material layers and a structural view
in section of the same according to the embodiment C of
the invention;

Fig. 16 is a structural view of first and second
inorganic material layers in section according -to the
embodiment D of the invention;

Fig. 17 is a structural view of first and second
inorganic material layers in section acéording to. the
embodiment E of the invention;

Fig. 18 is a structural view of first and second
inorganic material layers in section according to the
embodiment F of the invention.



synthetic zeolite as a binder or a filler. Silica may be replaced by,

for instance, silica gel, while alumna nmay be replaced by, for instance,
al unj na gel . Simlarly, the mxture of silica and alumna nay be
“repl aced ag00kOr I nst ance, the mxed gel consisting of silica ge
and alumna gel’. It is preferable that the supporter for use in, the
FTNK98004 34/101 filter according to the invention is made in&/rmof a
honeyconb structure. It is also -preferable that. the honeyconb

structure is formed of inorganic fiber_as the indispensable requirenent
t her ef or 8est Medeadosr fervaingyentothet havenbheYconb structure has a

ceram c-like 99ld dp34énftaee Fid 1t hewmRUNMe Hridddolimtd 3 ils b%')(twra@vrrEI y
smal | conpanajggth the co ventloq%h 1;Igem cal filter u5|g%achar
i mpr egnatoéd R4 rentoh figalri fdl tepan erledfodach

| nor gani g hsestfangeti Sraﬁafeﬁdet Qopon/b;éera@éommgiarm Cdﬁubﬁﬁ@@ce Used for

fixi hi d f f

thereot am& nEoLEPTiEe dPSERIPEaRRor (B hoTRe daddrBont:® ( REPE € hardly
any desord;itsi‘adrmgunﬁs@asaeomfsld;reganfcr s uleabaicg fgamemkm maparitiesoristi tuting
the air fth' eé%gf WP’ £S5 ¢V ePLE Obenb¥e ngt S5 {FbolIPNCYGIER A4 Ucture”

as used
partlcle in the air which will be referred to as a

“particulate filter”. .

Fig. 1 is a schematic exploded view of a filter 1
according to the invention.. As shown, a particulate
adsorbent is fixed on the enfire surface of a honeycomb
structure 12 formed by placing a thin flat sheet 11
between corrugated sheets 10,'using powder of an inorganic
substance consisting of - at least one of talc, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
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, activated bentonite or
synthetic zeolite as a binder.. Powder of the above
mentioned inorganic substance used as the binder, is just
referred to as “inorganic binder” hereinafter.

As shown. in Fig. 1, the filter 1 is provided with a
casing in which alﬁminum panels 15a, 15b, 15¢ and 15d are
assembled into a box to open against the flow direction of

- an object air to be cleaned (as shown by the hollow arrows.
13). In the internal space or room of the casing, the
corrugated sheets 10 and the thin flat sheets 11, on the
surfaces of which the above described particulate
adsorbent are fixed wusing the, inorganic binder, are
alternately stacked in parallel to the flow direction 13
of the object air to be cleaned. The configuration and
dimension of the filter 1 can be designed at will to
correspond the space available for installation. '

An instance of a method for manufacturing the filter



- invention stands for not only a structure with the shape of a honeyconb but

al'so any structure including a plurality of cell as an el enment through
which the air can pass, for instance, a structure having -a4 grid shape

“in SeCtinQW§% ructure formed of a plurality of corrugated sheets and so

-

on. Furt , the term"supporter” is not l[imted to the honeyconb
structure and may be any of a three dinensional nmesh structure48/ilRE rock
wool . In this case, powder of the adsorbent of the present invention is
preferably fixed not only on the surface ,of the mesh structure but also to
the inside vhilenév Bs axpdahnedto Fixsthéhadsombéariabst hénengdmbe of the

supporterg; f fer g @ye @xaﬁgbe,d t&elfhahﬂ(;ié?yf@bta%”deélé@sde ﬁfberPO‘AQﬁIicgf an
I norgani ¢__substance, and. K a netho to p§ [ etTZze powder &f fhe adsorbent.
into pel | 8iketnsi adupdnderd ibert Har | hbegdake) supsgande M teiial nfBerand to

adhere thexpeplet aRxkeeswf aﬁﬁlﬁf dode SUPPPT YehyMoh Ahd NesYaliE
adhesi on. assjsting agent. Int

e.air filter according tq the presept
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mixture by means of a wet type paper making_method. In

preparation of the above mixture, calcium silicate may be

replaced with clay mineral having a fibrous crystal

structure, for instance, sepiolite or palygorskite, which

includes magnesium silicate as a main component.' The thin

flat filter media sheet 11 can be obtained by processing

thus obtained sheet into a thin panel, and the corrugated

filter media sheet 10 can be obtained by processing with a

corrugating machine. The corrugated filter media sheet 10

is fixed to the thin flat filter media sheet 11 with an

adhesive to obtain a honeycomb structure 12 as shown in

Fig. 1.

The honeycomb structure 12 is then treated by means
of heat for about one hour in an electric furnace at about
400°C to remove all the organic components contained in the
filter media. This removal of organic components causes
numerous number of tiny pores or recesses in a micron
order to formulate over the surface of +the honeycomb
structure 12, thus it being made porous. These pores will
serve as vreceptacles allowing ©particulates of the
adsorbent and the inorganic binder to rest therein later.

. ' Next, the honevcomb structure 12 is immersed in a
' suspension in which powder of the aforementioned adsorbent
which is formed by impregnating salt of an inorganic acid

to powder of an inorganic substance consisting of at least

one of diatom earth, silica, alumina, a mixture of silica

and alumina, aluminum silicate, activated alumina, porous

glass, activated clay, activated bentonite or synthetic
zeolite, and an inorganié binder are dispersed for several



peliet pade by peIIetiiing t he adsorbent with powder of the

of the flow path of the air, and the installation requirenment of

filter. According to the present i nvention, flexibility in

I norgani c
subst ance, IS filled I n a casing, flexibility in design can be
obtai.ned so as to properly select the shape and size of the casing, and the
anount of prRgogpell et filled in the casing according to the shape and size
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alumina. Silica sol and alumina sol change into slllca
gel and alumina gel respectively after being fixed on the
surface of the honeycomb structure 12. .The inorganic
adhesion assisting agent functions of firmly. f1x1ng powder
of the adsorbent and the inorganic . binder to the surfaces
of the honeycomb structure 12 (including the inner surface
of each <cell which is an element of the honeycomb
structure 12 (hereinafter understood as the same)).

Provided that the salt of the inorganic acid is dissolved
in advance into the suspemsidn separately from  the-
adsorbent, the salt of the inorganic acid dissolved in the
suspension is impregnated into gaps among powder of the
adsorbent, ©powder of the inorganic binder and the
particulates of the inorganic adhesion assisting agent
when the honeycomb structure 12 is pulled up from the
suspension,. When the pulled-up honeycomb structure 12 is
dried by heat treatment, only water is evaporated from the
salt of the inorganic acid impregnated in the gaps;
thereby the gaps change to air permeable gaps or pores of
the inorganic material layer 20.  That is, the solid
contents in the salt of the inorganic acid are fixed on
the inner wall surfaces of the air permeable pores. If
the amount of the salt of the inorganic acid impregnated

to the aforementioned adsorbent constituting the inorganic

material layer 20 is insufficient for the removal of
gaseous basic impurities for a long time, iq other words,



far pelletizing powder of the adsorbent into a pellet, and also has a
porous structure.in such that the object gas to be cleaned can easily
~arrive-at or return fromthe salt of the inorganic acid inpregnated to
the .surfrE@EI’Ef4 the inorganic powder consisting the adsorbent. :
FTNK98004 36/ 101 The object air to be cleaned can easily reacgggﬁﬁ salt of
the inorganic acid inpregnated to the surface of the %ent
-powder through the air-perneabl.e pore or gap forned in the adjacent portion

bet ween each po r of.the |n ani. subgt ance the, 1norgani c . substance
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which is ed .as a bindey or filler. The, specific surface area and the

por e voluﬁ€u¥ﬁh?WﬂPre’ when the salt of the 1inorganic ac1% 1s not
dissolved in the - suspension, it is possible to increase
the quantity of the salt of the inorganic acid fixed in
the filter by immersing the honeycomb structure 12 which
is pulled up from the suspension and dried by the heat
treatment, in a solution of the salt of the inorganic acid
and drying again by heat treatment. _ .
Still further, the following example can be cited as
another method of manufacturing. First, the honeyconmb
structure 12 is immersed in a suspension in which powder

~of the inorganic material for the adsorbent and the

inorganic binder are mixed and is pulled up from the
suspension to dry. After drying, the honeycomb structure
12 is immersed in a solution of the salt of the inorganic
acid. Then the honeycomb structure 12 is pulled up from
the solution to dry. This method is efficient when a salt
of an inorganic acid in use has large solubility, for
instance, zirconium sulfate. That is, when the honeycomb
structure 12 ‘is immersed in the above—described suspension
and dried, the adsorbent becomes in a good hygroscopic
state, thereby enabling to increase the quantity of the
salt of the inorganic acid to be fixed to the adsorbent.
Still further, as another method for manufacturing the
filter, the honeycomb structure 12 is immersed in the
suspension in which the inorganic powder for the adsorbent
and the inorganic binder are mixed in a solution of the
salt of the inorganic acid, and the honeycomb structure 12
is dried after that. Accordingly, it is possible to
reduce the steps in the manufacturing process, since the



bi nder pelonging to t he groups (I) and (I111) in Table 5 are considerably

| arger than those of the binder belonging to the group (I1). Therefore,
the hinders (I) and (I11) are superior to those of the group (II) in
terns of tHTEKegnRi cal adsorption function agai'nst -gaseous organic

Il mpurities. The inorganic binders of the group (I1), for_ins%agiﬁbtalc,
kaolin mneral, and bentonite are selected and used primarily-t .
account of air pernmeability of the porous structure constructed therewth.
Most of air, per,meabl e _por t hat, are forped between adj agcent bi nder
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filter during the above-mentioned heat treatment. ‘Thus,
the filter 1  itself never desorbs gaseous organic
impurities. | '

An example of a method for manufacturing the above-
described adsorbent itself, in which a salt of an
inorganic acid is impregnated to powder of an inorganic
substance consisting of at least one of diatom earth,.
silica, alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic =zeolite, will now be
described. _ |

Sodium is removed from sodium silicate using ion-exchange
resin and the remained silica is turned into a state of
particle by using a dispersing agent and a stabilizer such
as a pH adjuster. This is silica sol and the salt of the
inorganic acid is mixed and dissolved in the silica sol.
The mixture may be heated .when the solubility of the salt
of the inorganic acid is lovw. When the mixture of the
silica sol and the salt of the inorganic acid is dried to
eliminate water by evaporating, a silica gel adsorbent
with the salt of the inorganic acid fixed is obtained.
Another method for manufacturing the filter 1 will be
explained in the following. Up to the formation of the
honeycomb structure 12, all thé manufacturing steps are
identical to those which are described in the above, then
the explanation thereof will be omitted. The method is
characterized in that the pellets formed by pelletizing
powder of the adsorbent are fized to the entire surface of



respectjvely. It is found that the group (lI1) have few m cropores = and
MesSopor es relating to t he physi cal adsorption, but nostly have
nmecraopores excellent in air perneability, when conpared with Table 5.
‘ConsequentpTikosgode inorganic binder of the group (I1) in Table 5 is
primarily used for the purpose of nechanically hol ding powder gﬁ%i&ﬁ
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surface ardeatinorganic acid is dlssolved 1n a proper quantity of
water used for the pelletizing of the above-described
powder, it is possible to add the salt of the inorganic
acid to the pellet. It is also possible to add the salt
of the inorganic acid to the pellet by immersing the
pellet manufactured by pelletizing powder of the adsorbent,
in a solution of the salt of the inorganic acid and then
drying by heat treatment.
Still further, another method for manufacturing the filter
1 will be explained. The difference lies in the surface
structure of the pellet. To be more specific, the surface
of the pellet is coated with powder of an inorganic
adsorbent shown in Table 5 (I) and (III), thereby forming
an inorganic material layer capable of adsorbing and
removing gaseous organic impurities.

Fig. 3 is a partly enlarged sectional view of the
filter 1 which includes the honeycomb structure 12, to the
surface of which are fixed pellets 21 formed by
pelletizing powder of the adsorbent using the inorganic
binder. Pellets 21 are fizxed to completely cover the
entire surface of each of the corrugated sheets 10 and
thin flat sheets 11, using an nonflammable adhesive. In
this embodiment, the object air to be cleaned is made to
flow through the thin cylindrical space 17 having an
approximately semicircular cross section. The honeycomb
structure 12 now having pellets 21 fixed to the surfacé
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through the process stated above.

The filter 1 thus manufactured does not include any
inflammable as its constituent, so that .if it is installed
to the ceiling portion of the clean room, the safety from
the disaster prevention standpoint, can be remarkably
enhanced comparing to the case of using the con&entional
chemical filter employing activated charcoal, ion exchange
fiber, etc., which are flammable. The cross section of
the individual air path formed in the honeycomb structure
is not limited to the semicircular shape. It may be
desighed to have any kind of shape.

Fig. 4 is a partly enlarged sectional view of an
inorganic material layer formed by fixing powder of the
adsorbent to the surface of a supporter, wusing an
inorganic binder. The object gas to be cleaned flows into
the inorganic material layer from its surface (contact
face with the object gas) through air permeable pores
formed between particulates of powder of the adsorbent
impregnated with the salt of the inorganic acid and

particulates of the inorganic binder, and reversely flows.

out therefrom to the outside. - During this process,
gaseous basic impurities are removed by the particulates
of the adsorbent stated above, and in a case where powder
belonging to the group mentioned in Table 5 (I) and (III)
is used as an inorganic binder, the molecules of the
gaseous organic impurities are physically adsorbed and
removed by the pore provided on the surface of the
1norgan1c blnder '

In. order to achieve, at the same time, the first

%Elér%aggpgdr’]dr}ﬂna%ztdailh%r ri e Utf l)lq: t he1 SR MR ac'trlllrterae case



The strength of the physical adsorption by the pore against gaseous

nol ecul es increases in the order of macropore, nesopore,.and
mcropore. It is said in general that the macropore hardly contributes to
t he physi §%rption. The particulate of the inorganic binder of the
group (1) qg@ as on its surface the pore suitable for carrying out the
physi cal adsorption agai nst gaseous nol ecul es, nanely the m cr 641 with
the pore dianeter of 20 angstroms or Jless, and the nesopore wth
the pore dianeter in the range of 20 to 500 angstrons, so_that
gaseous Oerg&ﬁi cof ithpumindsent iuvéntben DOP,remdBP, gas8bls dialsdxsane

whi ch arej ; e f, +t or. t.-an he
surface céﬁ?ggﬁﬁgfsbna§?0¥§§ ?fﬁ???gsgﬁ%gén%gé%%%y§?%§PF§_g &%ﬁﬁgakand .
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Stppor t or PSAPASe IS ™A Ao TS mEFOURaRared 1n Faple ma(Ahcand when
form ng «B&I)porpaniusedat eoi aﬁ:’T;_t aytdre lbatlggirglngﬁ?\gﬁ?gﬁafﬁhaﬁd%ﬁgbfﬂé to
f/\g?gﬁ?pfg ?gggﬁgéfg\?\gg,r 4 I t élseércflsoﬁﬂ%ogsﬁttnic&:%rﬁe fgng‘? r@s ﬂo?@ﬁhi éhemat erial
| ayer exéBe#ganipylayier 28, for constructing the filter 1. The
filter 1 can also be constructed by fixing the pellets 21,
made out of powder of the adsorbent using the same
inorganic binder as mentioned above, to the surface of the
honeycomb structure 12.

Fufthermore, as shown in A-A and B-B sectional views
of the Fig. 5, the .objects.of the invention can also be
achieved by forming above stated powder of the adsorbent
into pellets 21 wusing mainly inorganic binders having
pores of wesopore or micropore range, and by filling the
double-cylinder-shaped casing 22 having a number of vent
openings 23 on the side with the pellets 21 to construct
the filter 1. The object air to be cleaned first flows
into the inner cylinder of the casing 22, passes through
the adsorbent layer in .the casing 22 filled with the
pellets 21, flows through the space defined between the
outer cylinder 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.

. Among the binders belonging to the group (II).
described in Table 5, talc and kaolin mineral have a large

. crystal size and volume in the range of the macropore, but
| the inner surface area and volume in the range of the
micropore and mesopore - are small, thus making their
physical adsorption function weaker. Bentonite, which

also belongs to the binder group (II) described in Table 5,

has a large volume in the range of the macropore, but the

inner surface area and volume 1in the range of the
micropore and mesopore are small, thus making its physical



found that the mechanical strength for holding the inorganic
material |layer on the supporter surface is inpracticably weakened. 1n the
air filter of the invention, in which the adsorbent-is fixed on the surface
"~ of the sqpﬂﬁg%ﬁh:using an inorgani c powder of the groups (1) and (I11) in
Table 5 as a binder or a filler, and the air filter in which pellets nade
of the adsorbent is fixed on the. surface of the suppop®éPlusing
t he above-descri bed powder as a binder, the supporter is coated with the
inorganic material layer or the pellet |layer to adsorb and renpve gaseous
organi c i #@seTetken fumeied orezkemyen if the supporter includes an organic

material that desoghs 9%%?9U%a%rd?ﬁrﬁr£oﬂgfmﬂ{éti§§1t~géﬁ?c b 9#¢eLUgrou rggnijc
and | romobEd BBE bl PhorGan T2 bR ertal SeBolide  helgBEREE | Bgers cover | ng
the suppoliyéfatedomaghabiunh@ild@aceuslagr goinieral Mipving es caysetakver
fver “OTsPrvktins "o PEF SLBBPRI Ad0ko tRELRAESCHE, AOEROPOFE R FE ot age
pore di anetgstoéms henddshe bresondeeobft B80i angganomspoandrits wmieh a salt
rorer | OSRERAGE Poafed® RR' PRBTHAS. abf RIEFERE] FhudPmaRPRE'PER O
accor di ngphy®icahe adsespadonvefumetian | stypngent  thegordingl woi there
content dygjng C&FH‘#%‘& I 0GRS 131 oMbl ck Doh NendHS G PeRr oRglad dbyp{ he
supporter as_ the solid state salt, of the inorganic acids wth a very snal
moi st ur e RoRd@Rt of inorganic substances belonging to the binder
. group (I) and (III) of Table 5 such as diatom earth,
silica (silica gel), alumina (alumina gel), a mixture of
silica and alumina (mixture of silica gel and alumina gel),
aluminum silicate, activated alumina, porous glass,
hydrated magnesium silicate clay mineral having a crystal
structure of the ribbon type, acid-treated montmorillonite
(activated clay), activated Dbentonite and synthetic.
zeolite. .
As shown in Table 5, these inorganic substances have
the pore volume of 0.2c¢c¢/g or more in their pore diameter
range of 5 to 300 angstroms, or the épecific surface area
of 100m*/g or more. Naturally, 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 powder of the inorganic
substance (inorganic substance used for forming the first
. inorganic -material layer as a binder).
' In an embodiment where the pellets, made out of
- powder of the inorganic binder, to be fized to the
supporter is prepared using the inorganic binder having an
effective pore diameter in the range of the mesopore or
micropore, powder of +the adsorbent and powder of the
inorganic substance are mixed with city water to make a
clayish mizxture. This clayish mixture is then processed
with the help of a pelletizing machine to produce the
pellet having a diameter of around 0.3mm to 0.8mm. The



If.the solid state salt of the I norgani ¢ acid bl ocks the
40/ 101 pore opening of the adsorber,
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becones an invalid conponent w thout any contribution to the a@8é
The inventor and others neasure the protection efficiency of anmoni a by the

air filter iin whi.ch various silica.gel having different pore dianeters,
por e bein&eﬂﬁﬁFedﬁaf%RFWM??F%F%@JFlgg &napﬁﬁkg%m#%faélﬂ v8tharaisstt he

tion.

t he

surface ofthreheswmnaretze][ ,pﬁé!dr@bt%ﬂnwﬁhtﬁ _raﬁs]chhF?ﬁmQMae\EeTﬁlﬂng?gagag: Fi Sa
Protectio ffi.cien of ,a i a t he r.filter in which var

gel havingdgfﬁﬁgFénﬁ%p§H§%ﬂiﬁﬁtgﬂiyefhgﬁmﬁﬁﬁb%?ﬁ@e?hpﬂﬁﬁﬁ%Fé@nmﬂﬁh sal t
of an i noshamnc iaciFdgi. s 3hel dlmnthhe saséacktofist hetsuipayserequirEdNK98004

41/ 101

that the supporter is in the form of the “‘honeycomb
structure. It may have a three-dimensional mesh structure
such as rock wool. This mesh structure demonstrates_ a
high air resistance since the object air passes across the
mesh structure, but it gives the object air more
opportunities to get in contact with adsorbents than the
honeycomb structure does.

Fig. 6 is -a schematic exploded view of a filter 31
relating to another embodiment of the present invention.
In the filter 31, since .the structure of the honeycomb
structure 12 is identical with the structure of the filter
1 explained with Fig. 1, the same reference symbols .and
numbers are attached in Fig. 6 for the same constituents
so that the repeated details are omitted. _

In the filter 31, a first adsorptive layer 25
(namely, the first inorganic material layer) is formed by
fixing powder of the adsorbent with an inorganic binder on
the surface of a honeycomb structure 12 formed by
alternately stacking a plurality of corrugated sheet 10
and thin flat sheet 11, and a second adsorptive layer 26
(namely, the second inorganic material layer) is formed by
fixing powder of an inorganic " substance having an
effective pore diameter in the range of the mesopore or
micropore on the surface thereof, as shown in FIG. 7.
Hereinafter, the inorganic powder having an effective pore
diameter in the range of the mesopore or micropore is

called “inorganic adsorptive powder”. The outer shape and.

dimension of the filter 31 may be freely designed to
correspond the space available for installation. . The
effective pore diameter of the inorganic binder for use in
the formation of the first inorganic material layer 25 may
be different from that of the inorganic adsorptive powder



Aver agepor e 29 44 80 133 183 209 300 420 dianeter (A
Por e volunme 0.45 0.6 0.9 1.1 1.6 1.5 2.0 2.52 (mM/g)-
7.Specific 620 550 450 330 360 300 270 240 surface
“area NH[ erriKdR004ecti on 55 60 90 95 100 100 100 -100
efficiency (%9 Alumniumsulfate/silica gel 0.3 g/g NH3 Pr ot g;i}ll(ﬂn 55

60 95 100 100 100 100 100-efficiency (9% Al um nium
sulfate/silica gel 0.3 g/ g As clear fromthe above result, if the average

pore 9 aTELSh, ot EBHRE e e LR O CTIRHRLR, LhsepPeE g o
protecpioamﬁfimﬁfwmbe!simmt'tbducedngpn tolfe fma¢fnpmﬁethbawim§enno _
o o Per 180 88 LECRRPRLCR L BIEER RIS i L el the pel ot Cine.
first pellet, Borthnstaal peliast nimgralsclodd as i Wwkgankeoliadhesi on
assi stingp;i3geql; and benlBRitkNas9%Mo%n in the group (II) of Table
5, hardly include ©pores —contributing to physical
adsorption, but.they may. be used as the inorganic binder
for the first adsorptive layer 25. Also, 1inorganic
adhesion assisting agents such as sodium silicate, silica,
and alumina may be used for the same purpose. It should
be noted that silica sol may be used as silica while
alumina sol may be used as alumina. Silica sol or alumina
sol which is a suspgnsion including mono—-dispersed primary
particles with a size of a nanometer to .several tens
nanometers, transforms into a three-dimensional aggregate
'silica gel or alumina gel as an ensemble of primary
particles if it is fixed to the supporter surface and then
dried, making it capable of adsorbing gaseous organic
impurities. ' '

In this regard, an inorganic adhesion assisting
agent such as silica sol and alumina sol may be solely
used in the same manner as silica gel and alumina gel are
used for the binder to adsorb gaseous organic impurities
of the first adsorptive layer 25, or it can be used in the
same manner as silica gel and alumina gel used as the
inorganic substance to adsorb gaseous organic impurities
of the second adsorptive layer 26. That is to say, the
first absorptive layer 25 is required to remove gaseous
basic impurities in the atmosphere, and the second
adsorptive layer 26 is required to adsorb and remove
gaseous organic impurities. Fig. 8 is a partly enlarged
sectional view of a complex layer comprising the first and
second adsorptive layers.

As shown in Fig. 8, the second adsorptive layer 26
has the capability to adsorb and remove gaseous organic
impurities, so that even though the supporter is



adhesi on assisting agent is preferably the one selected from sodi um
silicate, silica, and al um na. In this case, silica sol may be used in
place of silica and alumina sol nmay be used in place of alum na. The salt
of the ingrgreggp4aci d used in the air filter of the present invention is
preferably sulfate. - Main salts of inorganic acids when classif%ﬁz &y t he
FTNK98004 42/101 sort of the acid -are carbonate, hydrochlor &
sulfate, nitrate, and phosphat e. Anong them carbonate is inferior in

adsor ption ab|I|t A due to too weak acidit rochl,ori de m ght
Gener at o (A TagHe oA e SHRE noSBBLR MaRPBIANE  WAPER d8e Mor oot ve

to netal, cHdrﬁ:reeb}foli‘Hklthg :{;asleéxﬁs curtgdmi qut |1hnEZl91tleNi taat eiewdzdmies
anmoni um |trat neut ral i zi n a_but r

xpl ode by HEaEel 1t Berty HAAP thndb R, Sind oY Bt ed 1o
a convent |2:€hadnd‘ ifd ehe usi eyl acitlvatiesl ehee cobdarded abejemti ragxgamedﬂm basi c
|m:)urltleqioqvqf;sqﬂ%n H% W%%%el% acidity and less harnful to the human

body. However nce phosphorous desorbs in a gaseous nateria
it becones a coN@3h1n%@|@ﬁa#@tér|®f go mideat for Tasnafactuniser dibeyl y,

phosphat e fi9 @irf f3pulgt 110 B@eekﬁlﬁlﬂéﬂh Eflfil‘?étencé{ %‘o&*oﬁ'sealﬂirf@j(ﬁﬂﬂﬁr at us.

As above, sulfate is st sal 't he 1 ngprgani c acid used
structure lfnls manu acture% lﬁ% to tﬁe formation of an _
inorganic material layer, all the manufacturing steps are
carried out in the same manner as explained before, and
the explanation thereof will be omitted. Next, the
honeycomb structure 12 is immersed for several minutes in
a suspension in which powder of the adsorbent, and an
inorganic binder such as tale, kaolin mineral, and
bentonite are dispersed. After this process of immersion,
the honeycomb structure 12 is treated by heat at about
200°C for about one hour, thereby forming the first
adsorptive layer 25.

Next, the honeycomb structure 12 having formed the
first adsorptive layer (namely, the fifst inorganic
material layer) 25 is immersed for several minutes in a
suspension in which powder of inorganic substance
(inorganic adsorptive powder) having an effective pore
diameter in the range of the mesopore 6r micropore, for

_instahce, diatom earth, silica, alumina, a mizxture 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, activated Dbentonite or synthetic zeolite, 1is
dispersed. After this process of immersion, the honeycomb
structure 12 is treated by heat at about 200°C for about
one hour, thereby forming the second adsorptive layer
(namely, the second inorganic material 1ayer)-26. Silica
gel may be used as silica, while alumina gel may be used
as alumina. Similarly, the mixed gel consisting silica
gel and alumina.gel may be used as the mixture of silica



i n the present invention. The boiling point of sulfate is preferably nore
than 120[err] C. Wen an inorganic material layer is fornmed by
fixing-the adsorbent prepared by inpregnating sulfate to powder of an

i norgani c sjreggorce on the surface of the supporter using powder of an

I norgani ¢ substance as a binder, noisture in the inorganic naterup] | ayer

I s evaporated and renoved by heat-drying the supporter surface.59]-1n. such
a case, in order to pronote water evaporation, the tenperature i's
often set at,1 &err C to 120[err] C which is above 100[err]C, the boiling
poi nt of vEi&ralumingm this point of view, the boiling point of the sulfate

nust be above 124gid]i%e iBE Palgigorslittey a?e;i rigeait-l 289 nggciiir*ft%% Con
xchange. dWAReS SH 1ot ELERES At S EECERRLA ¥t R &P E bR FERCEHTS | on
exchange anbubbe ofibbess tyypan ustd rfeq oformiarg tle Ssm@miﬂ??ﬁﬂ?ﬂ%ptsvesince
copac Ly, 1dfls phas! AL alas b il (BERGLRER 37 JSUTHITIURG
FTNK98004 sipamd tadpermtive laverix26onisan caatedgarinc tendefirstit s
pref er abl .e; 4 §o 1wl ﬁﬁ&@r""rﬂ'ﬂchcéﬁ $@l 1 6b£841880.0r diMAr Yok §EPELA UL, ATONg
SU|fateS’f¥g¥§§g¥§ssu é%ﬁhggthgeg %L; forming the first adsorptive

layer 25 and the second adsorptive layer 26, at least one

inorganic adhesion assisting agent, such as sodium

silicate, silica and alumina, may be mizxed. It should be

noted that silica sol may be used as silica and alumina

sol may be used as alumina.

The inorganic adhesion assisting agent plays a role
of firmly fizing powder of the adsorbent and the inorganic
binder forming the first adsorptive layer 25 as a first
inorganic material layer to the pores of the honeycomb
structure 12, or another role of firmly fixing the
inorganic adsorptive powder forming the second adsorptive
layer 26 as a second inorganic material layer to the first
adsorptive layer 25.- ,

The method for adding the salt of the inorganic acid
contained in the filter 31 of the present invention is the
same as that described before. One of such methods is to
dissolve the salt of the inorganic acid in a suspension
for forming the first inorganic material layer or the

. second inorganic material layer, in other words, a
suspeﬁsion in which powder of the adsorbenf, the inorganic
binder, the inorganic adsorptive powdér, the inorganic
adhesion assisting agent and so forth are mixed. . Another
method is to immerse the honeycomb structure in a solution
of the salt of the inorganic acid after forming the first
inorganic material layer and the second inorganic material
layer, and to dry again by heat treatment. '

The honeycomb structure 12 thus obtained neither
includes any flammable material as its constituent, nor



these requirements are titanyl sulfate, alum numsulfate, vanadium

sul fat e, zirconi.um sulfate, sodi um hydrogen sulfate, and potassi um
hydroegen sul fate. A-method for manufacturing an air filter of the present

i nventi on,FINkegopal t of the inorganic acid may be dissol ved separately in
advance in a suspension (an adsorbent is contained as an essential
conponent) to imerse the supporter therein. Then when the sup® & is .
pul led up fromthe suspension, the salt of the inorganic acid dlssolved in
t he suspensi on penetrat;s-in t he %ap portion adjacent to the particul ates
of the adé%’sé’é‘r}l’ts RRePt oB258QHEr OER2PAE iLIRUFAHil6 ShiGidsring st aggpport er
is dried tdmrmimrt,iongnbf nﬁiét@&@dh&t?vﬁé@é-@%ﬁdtsh[c%m hﬁeeﬁﬂé%s Ofoz‘L he .
i norgani c .aci d.imersed in the p rtion so e gap porti.,o ecome
an aigr per@é’é‘%llé“ﬁc?re i % he qor?garalpfa{:prﬂqé' rratreer“foavieqaaye'{]r.omg IrFPastt‘r‘t}rr’ta, S the
sol i d mat tcemsdfi turtd ngal tthef fhétbmorganﬁngactﬂeisawmﬁekmnnﬁivh}ﬁﬂdatsurface
inside th Ny rLmeabl or _ re | t ones sible to
extend thg;lléb:aftg’%?’ft'the ?rl}fkt eﬁmbnyeyi%z)éﬁr%easﬁgg&%%uéjean@%t J:o Set%fi SHCTof the
i nor gani ¢ dgsioFbsThgaseres oprensl cnompuntict i&s.d dilssodddit ion,adiands i n t he
Suspensi Of b 18f 1f luded SRIPLRIIRA 41N a8 fufiindd]® IO ¢! d | oSt
by dissolvjn %ron1pomder of the adsorbent Into the suspension. AcCording
to a met h(Sld’S%‘o’" nBRf BARIEY OKE2BLE fimPeribies haogr esealudewemnyon, the

filter carflammabd@uerd arilad,f fom the mRiterialls JTotthgenRitall T 233y 1gaseous
organic iS %%Eth%sFig.I%'addition, the air filter
It is also preferable for an adhesive and a sealant,
which are used for fixing the honeycomb structure 12 to
the outer frame 15 or filling the gap between the
honeycomb structure 12 and the outer frame 15, to have
characteristics of neither generating gaseous organic -
substances nor containing any flammable substances. In
this case, for instance, the entfre filter 31, in which
the assembling is finished by fixing the outer frame 15 to
the honeycomb structure 12, may be treated by heat to
completely desorb and remove gaseous organic impurities
causing surface contamination from the flammable adhesive
and the sealant which are constituents of the filter 31.
Thus, the entire filter 31 <can be constituted from
materials which do not contain any flammable substance or
from materials which do not generate any gaseous organic
- impurities.

. Still other example of a method for manufacturing
the filter 31 will now be described. In this example, the
honeycomb structure 12, manufactured by the above-
mentioned method, or the three—dimensional mesh structure
such as rock wool is utilized as a supporter. The pellets
made out of the adsorbent are fixed to the surface of such
supporter with an adhesive. The pellets made out of the
adsorbent used during the course of the above method, are
prepared by mixing powder of adsorbent to the inorganic
binder and pelletizing the mixture.



can be practically conposed only of materials having no flammabl e
substance. Silica may be replaced by silica gel, while alum na may be

repl aced. by al um na gel . Simlarly, the m xture of silica and al um na may
be repl acepNgygdgae m xed gel .consisting of silica gel and al umi na gel.

When FTNK98004 44/ 101 an inorganic material layer is forned éfe
surface of the supporter, or when either one of the first inoréﬁgﬂ

material” layer or the second inorganic layer is formed on the other, if

| tat dh t t, d t
Su:gengl gnﬁ”’i Ihgoﬁgamgg?rﬂ%%ﬁts!@??]él %SOS " gfe’r]r]é‘ltosra%ngd‘)ggec%ﬁ%s%?fb"regani c
mat erltal | edregrsganiid radmeq;%mwel ypowdet}al rhatireg |amorga|ﬁect1adhqsm§m .
assistin n . in a or e
manuf act gri‘%ﬂn o‘feﬁe”gi raﬁél tlégl%? ?\% ‘ﬁég‘%ﬁ%ﬁ ‘gul f%?csleodp e ’pr ef Je1r abl e
as descri hetemasfed e.in Asdmgnchem tﬁhean}nem& at BT al nanwfme but Fng e,
vanadi um Sﬁ{ Ere! { SOPRHM $H! L348r t%o@xggﬁ‘o%ydd’d)agﬁ'hg Sl“%fe"il eof ﬁ%j

pot assi um rogen sulfate are suitable din
ef fici encyln@rsanm cadEagphppar Mowsler,ofthe t above ppéééﬁﬁ fOlrm%lnt(PUh

the surfggey ﬁgnh%mfg%ﬂﬁH‘§@§§FﬂtPVetESWGQY'&%”@ﬁ?s@”dlﬁﬁeéuﬁﬁaQ? of the

substrate éég£§;§¥%gj in w acelﬁgkéiﬁic Iggsorptlve powder for
use in coating is dispersed, 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
with the inorganic adsorptive powder for use in coating,
so that the resultant coating comes to include both of the
inorganic adsorptive powder and the inorganic adhesion
assisting agent. The types of the inorganic adsorptive
powder and the inorganic adhesion assisting agent for use
in coating, may be selected as previously mentioned.
A high efficiency air cleaning apparatus related to the
embodiment -of the present invention will now be described.
Fig. 9 is a schematic illustration for explaining a high
efficiency air cleaning apparatus 100 constructed
according to an embodiment of the invention. Such high
efficiency air cleaning apparatus includes a clean room
and a clean bench. The high efficiency air cleaning
apparatus 100 includes a working space 102 in which"
precise and delicate products such as LSI’s and LCD’s can
be processed, a ceiling portion (supply plenum) 103 and an
under—floor portion (return plenum) 104, which are
respectively located at the top and the bottom of the
working space 102, and a return path 105 located on the.
side of the working space 102.

Onto the ceiling portioﬁ 103 is arranged a clean fan
unit 113 which is provided with a fan unit 110, a filter
111 with good vent for removal of gaseous impurities, and
a partiéﬁlate filter 112. A semiconductor manufacturing



efficiency air cleaning apparatus can be protected by renoving the
gaseous basic inpurities contained in the circulating air in the high
ef.ficiency air cleaning apparatus and according to circunstances, by also
‘renovi ng SRMeRDe4 Organic inpurities. ~ The high efficiency air

cl eani ng apparatus of the present invention uses neither flannggéﬁ
activated charcoal nor flanmabl e ion-exchange fiber, thereby ﬂng It
superior in preventing fire. Accordingly, the air filter and the
filter - to renpove particulate igpurities can be placed on the ceiling .
portion oPpPﬁ§a§b§céi4Br¥%f1Eé§é&&59idﬁ‘o?thHﬁFHQEgFﬁ@aCQL &2 andchematic
Expl odgd. aWtQWaSOIal ké ofd :diera SE@Qf d%@gréf)' anIheb@ﬁF@enflprt b@;itmgﬁnt ihon;

i g. [ a par .enl arge ec nal_ .view of, a er in ich an
o gani o 1Ag: &% apef 1 EFOREET GER G LEET Braig Pttt yadtE SR 5

i npr egnat admberh o dadlef ornperfbTaKO8AO4 4H 1Odndewsaaive esil 66 t he

oart by enPhPcibERERY o BHBET S Uy FiRP e PEE o o T R S LB Y < rce
by pell et berhgoponddr iof cadeimdrgatdal subth athe hept egoadedawseth hysalt of
an inorgaghe aQnd YA dud® ONBYEPIR: iU Wk StY{#SC114.  The non-
dew type condensation coil 116 means an air cooler which
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 cooling water flow

regulating valve 118 of the non-dew type condensation coil
116 is controlled so that the temperature.detected by the
sensor 117 is kept at a predetermined_level.. _ .

By operating the fan unit 110 in the clean fan unit
113, the air in the clean room 100 begins to circulate at
a properly regulated air flow rate in the following order:
ceiling portion 103 - working space 102 - under—-floor:
portion 104 - return path 105 - ceiling portion 103.
While the air is circulated through the clean room in such.
an order, the air is cooled by mean of the non-dew type
condensation coil 116, and gaseous impurities and
particﬁlate impurities contained in the circulating air
are removed by the filter 111 for removing gaseous
impurities and particulate filter 112 which are provided
in the clean fan unit 113, thereby the clean air having a
suitably controlled temperature being continuously
supplied to the working space 102.

The filter 111 for removal of gaseous impurities is
an air filter which contains powder of the adsorbent fixed
with the salt of the inorganic acid "according to the
present invention previously explained. And the filter
111 can remove gaseous basic impurities and even gaseous
organid impurities if any, contained in the air
circulating.. This filter 111 is constituted only with



Fig. 4 is a partly enlarged sectional view of an inorganic naterial |ayer
made by fixing an inorganic powder inpregnatéd with a salt of an i norganic
aci d.ofr the present invention on the supporter surface with an inorganic

bi nder; FiRINKBROG transverse and |ongi tudinal sectional views of a cylinder
type air filter having a double cylindrical casing which is fl|éﬁq ﬂp W th
pel | ets made of an inorganic powder inpregnated with a salt of p organi c
acid; Fig. 6 is a schenatic expl oded view of a filter accordihg t o anot her

embodi nent of th vention; 7.i§ a partl enl sectlonal Vi ew
of o i1 TeRsteniil hEeh 581 thatndpbindes B Hlamanies masst ial Bt

al ternatelyh&a«;dxﬂmigimemur alhéy odembsjgaaleﬂ sdﬂﬁetgamg hl(ﬁ‘lrédn&ic sheet s,
a first inorganic. naterial layer that is formed by fixing powder of

the inor T fifst ance i npregnated with the salt of the inorganic acid
to the surface Mfe tmtl}mxﬂeajltmntfi]sttemctlﬂr% iwsidigspased narmanitee bi nder,

~and a segandda0f 9api g nker kgl Layer piial 1 Ol byegdrlog the

i horgani ¢ adsorptive powder to the sur ace of the first |norgan|c naterlal
hayer; -Fi gagticuketgar tlmgauérmtaleged sdds onartw@&\ﬁbe & idarey ex1Bayis

i ncl uding é&?sﬁif@ﬁe@“%%ﬁcmédﬁﬂr PFhYeh! aRisss FhE- d®sbTptidahesmtic
iflustration for explaining a high efficiency air cleaning apparatus

accor di ng §3° 2 4&ﬁnlqﬁu§4ﬁ§qsnventlon

The outdoor air is properly supplied to the under-
floor portion 104 of the high efficiency air cleaning
apparatus 100 through an outdoor air introducing path 120.
The outdoor introducing path 120 is also provided with the
filter 121 of the invention for <removing gaseous
'impurities contained in the outdoor air. A unit type air
conditioner 122 is disposed upstream the air filter 121
for the purpose of removing. dusts and airborne
particulates in the introduced outdoor air and controlling
the temperature and humidity of the outdoor air. A
humidity sensor 127 is set- up on the outdoor air

“introducing path 120. A water supply pressure regulatlng

valve 129, which is located in the humidity control
portion of the unit type air conditioner 122, is
controlled in such a way that the humidity detected by the
‘sensor 127 is kept at a preset value. On the other hand,
there is provided "in the working space 102 another
humidity sensor 128 for detecting the humidity of the
atmosphere in the working space 102.

The outdoor air supplied to the under—-floor portion
104 of the high efficiency air cleaning apparatus. 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. Then, the air in an amount
corresponding to the amount of the air introduced from the
outside, is exhausted from an exhaust opening 125 through
a return gill 126.

Since the filter 111 of the invention includes no



Fig. 10.is a schematic illustration for explaining a high efficiency air
cl eaning apparatus according to FTNK98004 46/ 101 anot her enbodi nment
of-the-tnvention; Fig. 11 is a graphical illustration showing the
cont act arrgheoggoange with the passage of tine with regard to a silicon

waf er having a silicon dioxide surface when it is exposed to fgﬂrgﬁjnds of
cl ean room at nospheres i.e. the first- and second atnospheres b |A
respectively filtered by two different kinds of conmmercial chenical
filters, |rd bel filtere ion.

|
exchange ﬁﬂ 1R Wﬁ?ﬁua n ?ll?%f%ﬂybygﬁﬂmathfllt 5rding to
t he inventplr@rvenl%u@n st2andpoing, gisphéematkably usnpzaoved eshmvmuﬁg the
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ultra purée” water Uur face contam nation
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13 is Structur al o view section an I norganic material |ayer
accordlng ftid tierke eﬁﬁé&hneﬁﬂplpﬁﬁ t kBej nftarnahle Figatemipl | Such @sructura

view in dﬁ%ﬂ#d&@d(ﬁhaﬁﬁbdPoéﬁa”u%mﬂﬁtﬁhéﬂgéa??heﬂCCQ%mﬂﬁkﬂélmﬁﬁ
enbOdlnen%urfﬁermore, in the high efficiency air cleaning apparatus
100, if +the filter 121 (Fig. 9) for <cleaning the
introduced outdoor air is constituted in the same way as

the filter 111, the safety from the disaster prevention
standpoint is further improved in comparison with case

where  the conventional chemical filter which is
constitufed based on the flammable material such as
activated charcoal and ion exchange fiber, is used. _ _

An ordinary particulate filter such as a medium

efficiency air filter, a HEPA filter, and an ULPA filter,
generally uses fibrous filter media containing a binder

which includes some volatile organic substances, and a

sealing material which is used for fixing the filter media

to the filter frame and contains some volatile organic

substances. Therefore, desorption of gaseous organic
impurities .breaks out from the filter media and/or the
adhesive.. Accordingly, as to the particulate filter 112

of the present invention, it is preferable to employ the
filter media which uses no binder containing a volatile
organic substance as a binder for a filter media. Should
only the filter media including such binder be available,
it is preferable to pretreat it by heat to remove volatile
organic substances therefrom. Furthermore, as +to the
sealing material for fixing the filter media to the filter:
frame, the same attention is to be paid in selection
thereof. Furthermore, it is preferable either to select a
sealing material which includes no volatile organic
substance, or to employ such an air-tight pressure contact,
which provides the seal between the filter media and the



the invention, Fig. 15 is a perspective view of a nodel of first and
second inorganic material layers and a structural viewin section of the
_sane. according to the enbodi nent C of the invention; Fig. 16 is a

structuralpTNgaggpe of first and second inorganic material layers in
section according to the enbodinent D of the invention; F|g 7 |s a
structural “view of first and second inorganic nmaterial ﬁé/
section according to the enbodinent E of the invention; Flg 18 |s a

structural_ . .view  of -fi and econd i NErgani c erlal | ayers in
section &dddedi iFang 5¥h@eaﬁﬁoa neamphmcgﬁeorn@sﬁ aBiical mERRRes004

47/101 Bedms¥ead fo(fr SHMmgy i G et ighand teeeirdli Gravilng ithieenioseyibailliltynow be
descri bed | det ai l. by way_ of ﬁéeaer%?d enbodinents of the air filter.and
the nmet hod™t H@PQ %1®§¥ﬁr§éPgPe BU bt R&* acconpanyi ng drawi ngs. In the

fol | owi ng dESCFlllgLI df) ishe tdragramnatdre’ Tepnesenhttad idinstofgai dligh filter

for T emvige; Gasequs, i Muchhigs %ﬂba%@%rlopm@&o@dﬁr {gotfh%m)v' ng,

ai rbor ne éhsts an par I cle be refer as a
"particul atdefri lempodiment of the invention.  The filter 111 used in

this embodiment has a honeycomb structure which includes
powder of the adsorbent fixed with the .salt of the
inorganic acid. In this example, however, the filter
111 is installed onto the ceiling portion 103 of the high
efficiency air <cleaning apparatus 100° +to cover the
ceiling portion 103 only partly. Consequently, the number
.of filters used in this example is reduced to a half of
that of filters used in the high efficiency air cleaning
.apparatus 100 as shown in Fig. 9. Except the number of .
filters, +there is no difference between both high
efficiency air cleaning apparatus 100 and 100’ as shown in
Figs. 9 and 10. Therefore, corresponding parts of two
high efficien¢f air cleaning apparatuses are designated
with the same reference numerals, and detailed explanation
of the corresponding parts will not be repeated.

- Chemical contaminants which the air cleaning filter
of the present invention is trying to remove, are basic
substances, and organic substances. Typical troubles are
as follows. Basic gas causes resolution failure of resist.
Attachment of gaseous organic substances to the substrate
surface causes defect of insulating silicon dioxide film,
adhering defect of resist film, and increase in electrical -
resistance of the substrate surface, which sometimes

results in electrostatic adsorption of particlulates. In
addition, gaseous organic substance causes blur of lens
and mirror on an optical stepper. A washing device,

workers, and constitutional members of the clean room,
existing in the high efficiency air cleaning apparatus,
more or less play a role of a gaseous impurity source
inside the high efficiency air cleaning ' apparatus.



Fig. 1 is a schemati-c exploded view of a filter i.according

to

t he

I nventi on. As shown, a particulate adsorbent is fixed on the entire
surface of a honeyconb structure 12 formed by placing a thin flat sheet 11
bet ween cormiggigad sheets 10, using powder of an inorganic substance

~consisting of at least one of talc, kaolin mneral,
di atom earth, silica, alumna, -a mxture of si |
alumna, . alumnum silicate, activated al um na, por o
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outdoor air, thereby reducing the concentration of such

gaseous contaminants in the high efficiency air cleaning
apparatus. When the operation of_the high efficiency air

cleaning apparatus provided with the air filters 111 and

121 is started, the initial concentration of

chemical

contaminants in the apparatus is at a maximum value.

It

gradually decreases with the passage of time, due to step

by step removal of the chemical contaminants

. in

the

circulating air, and finally it is stabilized when removal
and generation of the chemical contaminants come to
equilibrium. The ratio of the amount of chemical
contaminants removed per a single air cycle by the high
efficiency air cleaning apparatus 100, installed onto the
entire surface of the ceiling portion, and the amount
removed by the air cleaning apparatus 100°, partly
installed onto the ceiling portion, is 2:1.

It should be noted that the high efficiency air cleaning
apparatus 100° (FIG. 10) of which the ceiling portion .is
covered only partly by the. filter 111, takes a
considerably longer time before coming to the equilibrium
in comparison with . the high efficiency air cleaning
apparatus 100 (FIG. 9) of which the ceiling portion is
entirely covered by the filter 111. Furthermore,'in the
case of the high efficiency air cleaning apparatus 100°,
the equilibrium concentration that it can reach finally,
might be higher than the level that the high efficiency



- FTNK98Q04 -48/ 101 1 wil |l  now be expl ai ned. First three materials,

I norganic fiber (for exanple, ceramc fiber, glass fiber, silica
fi-ber, -alumna fiber or the like), organic material (for exanple, mxture
of pul p aRINK988@&H vinyl on) and calciumsilicate, are mxed with each other
at a weight ratio of 1:1:1. Then, a roll of thin paper-like é)hb@r medi a
sheet having a thickness- of 0. 3mmis forned out of the above m'xture by
means of a wet type paper maki ng net hod. I'n preparation of the above

mture: §ELORACGIRENS Toghacah abhiclaY ™ Ml BRy! Bl

fibrous crysta I nstance, te or ite, which
i ncl udes hﬂgh68|Qﬁlﬁhq(ﬁﬂkﬁﬁ%sahﬁﬁlﬁlégﬁﬁ@ﬁéﬁgeSTh@1ﬂﬁﬁ¢&l%ﬁ tileer nedia

sheet 11 gag b%hebt %d}ﬁ%n@fa&&%esqmﬁ hugf obkghpefli 84 1 8iRadlYhI N
panel , and t orrugated filt medi a sheet 10 can, be,obtained,b

proce55|nﬁeﬁﬁ ﬁ a corr updEPhgo @ﬁOHQmYTh Wsiedgat %?IP@PVﬁEHPétsheet 10
is fixed to tbdutbi nhfd atubdrt esf neHeafiNeetrs1 i1V tdy ashadhebn VBigo obtain

a honeyco uct re 12 as homm The _hon struc re-12 is
t hen trea?@d b{f’ r]i’§ of pﬁ@ﬁ 1E6r %ﬁoﬁt %&é‘tﬁ&rtﬁﬁ e}% HRged e ofc %E?nace at
apout 400imit]&lt cos¢naml athe t henniganicos¢oneerded st cona i teih i bhehe
filter negﬁggr%tagls renoval of organi c conponents causes nunerous nunber

of tiny poO ecesses in a mcron )
Next, the function and effect of the filter

. according to the invention will be explalned. by way of
examples.

' To comparatively study the performance of filters,
the clean room air is filtered by using different kinds of
filters, and cleanliness thereof is evaluated by measuring, .

- with the passage of time, .the change regarding the contact
angle between a silicon dioxide film formed on a silicon
wafer and a water droplet dropped thereon. To be more
specific, the four different clean room. air to be
evaluated is prepared: the first and second one prepared
by filtering the clean room air, wusing two kinds of
commercial chemical filters, one including powder of
activated charcoal impregnated with a chemical effective
for reﬁoving gaseous basic impurities, and the other
including fibrous activated charcoal also impregnated with
solid'chemical; third one prepared by filtering the clean
room air using a chemical filter including ion exchange
fiber; and fourth one prepared by filtering the clean room
air, using the filter of fhe invention as shown in Fig. 6. '

- Fig. 11 1is a graphical illustration showing the
results of the above evaluation on cleanliness of the
clean room air. - The value of the contact angle is
obtained by measuring a pure water droplet dropped on the
substrate surface. This contact angle may be used as an
index, by which the degree of organic contamination of the
substrate surface can be determined with ease. If the -
silicon dioxide film and a glass plate are made free from



order to fornulate over the surface of the honeyconb structure 12, thus it
bei ng made porous. These pores wi'll serve ‘as receptacl es allowﬁng.
.parthuiates of t he adsorbent and the inorgan|0‘b|nder to rest therein
| at er .~ NeXRINK§3004honeyconb structure 12 is i mersed in a suspension in

whi ch powder of the aforenentioned adsorbent which is fornmed by /

i npregnating salt of an inorganic acid to powder of an |porgan#@ %g%stance
consi sting of at Ieast one of diatomearth, silica, alumna, a m xture of

d _al um gl ,
Zélliitiﬁq‘“ﬂ UL LT bkl TR e AT e T Tt
i nor gani ¢ eid‘ersthﬁSpbasedaﬁnns&verf@lr wa teENK98084 04%et0 woridwyt es.
Then the hﬁﬁﬁy%%%gmel%fd§oB%|P§g uQ?hg ﬂéxlﬁg QrQHQ9129§H€§{ %ﬁy about 1

hour; thergby obtalnin nor gani ¢ §- ayer 20
in which tor?élté'faé”r‘fen@nt%éh%d pOwaBe 15f Sﬂﬁ£a§d§o@@‘@nt0n0§ fdom‘dimjylaﬁeei

Ho 5 %‘iﬁ'm‘gebrgaﬂ?e ﬁ"ff%ﬂst ey JReRa Shed R cke: 2 Fboion |
above- menti ane
a;glstlng %%ﬁﬁhﬂ"’qf gm hyaégagOtb gﬁssﬁék&ﬁﬁsﬂlhﬁﬁgﬁ

silica, ardntlagt maglﬁor |nstance silica sol can be used as silica and

used .as al um, na., Slllca sol and al um na sol change
?L?g‘2?|fgg canw%% a glass plate is left the Tlean Toom ailr an

a contact angle between its -surface and a very much
purified water droplet dropped thereon with the passage of
time is measured, it is known that there exists a certain
mutual relation as shown in Fig. 12 between the contact
angle measured by the water droplet method and the degree
of surface contamination measured by the XPS (X-ray.
photoelectron shectrosc0py) method. With regard to the
silicon dioxide film formed on a'silipon wafer, similar
‘mutual relation exists between the contact angle and the
surface contamination by organic impurities. There exists
a very strong mutual relation between the water contact
-angle on  the substrate - surface and the surface
- contamination by the organic substance.

The following can be understood from the measurement
results as shown in Fig. 11. The ion exchange fiber,
primarily used for adsorbing and removing water-soluble
-inorganic impurities, ¢an not adsorb any organic sﬁbstance
in the air to be cleaned. It even desorbs gaseous organic
substances. Consequently, when a test piece (silicon vafer
covered with a silicon' dioxide film) is left all day in
the clean room air filtered by the ion exchange fiber
filter, the contact angle is increased by about 10°. Two
kinds of activated charcoal filters are used for primarily
preventing the contamination by gaseous inorganic
impurities, but they also fail to adsorb organic
substances contained in the object air. On the contrary,
since even the activated charcoal filter itself desorbs
gaseous organic substances, the contact anglé is found_to



gel and alum na gel respectively after being fixed on the surface of the
honeyconb ~ structure 12. The inorgani c adhesi on assisting agent
_functions of firmy fixing powder of the adsorbent and the inorganic binder
to the surTNgg®sp40f the honeyconb structure 12 (including the inner surface
of each cell which is an el.enment of the honeyconb structure‘laﬁﬁﬁﬁgeinafter
understood as the sane)). Provided that the salt of the inorga cidis
di ssolved in advance into the suspension separately from the

" adsorbent, the sali_of,the i;ngrgani c .acid dissolved i.n the suspension is

" i npr egnat RETFRTE gBbs aa%ﬁg lg)omgzlrenofta}}enet%ﬁprb%%?, 1S ;}8\%&&“{30&‘9 t he

i nor gani ccldimdeoomandr tflid tpaetdi dileatedy dfort he dapr gafinc tEHithestloar
assistin nt 3t e r yct ur , i e rom the
suspensi ghﬁ%a ngggﬁé?gﬁ-Pﬁgd¥§g Sn%t?ct)é_r%glﬁs?re C udrlensglg&ﬂés (g?#{e)%c{)y heat

t reat nentgnghg yafidesr keeninepotheedestonpiere sall ofan hkorgorigante aci d

| mpregnatetd N +66m 98P%. FiNGELLY bhe tAIPTiARAR0S 1 O IR 1 PRE Gagaps or

pores of the inorganic nmaterjal °|ayer . That is, the solid
contents $HP¥heiBalf1&f Bpe i Adigankeansi dhate thgecBashoufe PFERR1GAI |

surfaces @fbdtuncd I cRAtABARIE PRr eshe obfjete aiPunts ohdsbebsal tawd the

i norgani c_acid [npregpated,to _the gforenentianed adsprhbent gonstjtuting the
inorgam(??Hﬁ%ﬁ42$ylggér%ié FE P%s&#@iéﬂ@ﬁptﬂ8p’tﬁ@ I thAT gtR%ous
basi c i npfilteresi fewlfh demugrhs Mo gaseoulsebrgands, substance.

In the case of the activated charcoal filter,
gaseous organic impurities are desorbed from its
constituent materials of the filter 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 the other hand, in the case of the
‘ion exchange fiber filter, gaseous organic impurities are
desorbed from various additives included in the high-
molecular fiber forming the filter. These gaseous organic
impurities are easily mixed up with the air once cleaned
by passing through the chemical filter. Furthermore, in
the case of the ion exchange fiber filter, it sometimes
happens that a part of the ion exchange base is desorbed
in. the form of sulfonic acid, calboxylic acid, and
phosphoric acid.

That means these prior art chemical filters allow
desorption of gaseous organic impurities, and such
impurities are mixed up with the air once cleaned by the
filter even if such prior art filters succeed in removal
of the basic impurities of ppb order while the clean room
air passes through them. Therefore, as to the expected
value of gaseous impurity control by the US SEMATECH
listed in Table 1, the chemical filter for removing these
conventional gaseous basic impurities is able to satisfy
the concentration standard for the gaseous Dbasic
impurities but it sometimes fails to satisfy the
concentration standard for the gaseous organic impurities.



FTNK980Q04 50/101 even if the |life of the filter of the present invention to
renove gaseous basic inpurities is short, the life of the filter in the

. present invention can be extended by dissolving the salt of the

I nor gani (FTNHG&AD4 n  t he suspension in advance separately fromthe above
adsorbent and thus increasing the. quantity "of the salt 7@@0 t he
inorganic acid fixed in the filter. Furthernore, mhen the salt {

i norganic acid is not dlssolved in the suspen5|on S p055|ble to

reeese il ety e ST oA SRS g Rt

suspensi cvhemitalr i €8l byrt mleghéatewerreanneneasm rtha srﬂnﬁarrﬂratflotnheofsal t of

-t he Inprgﬁﬂ%xa |§¥§HH&éﬂ%ﬁ§H}l%qgﬁnIQyt@%aglggga}ggﬁtal;ﬁ|II further, the

follow n her nanufacturing.

First, the hodstinmmanaeiaiurterokinds noer Sbbit¢7s a2 aearbing ok | thewhi ch
powder of; g 744 ganbﬁe”&tﬁrc'l%|d1frl%r téﬂe adperesib a%@tﬂd@%ﬁwgw ¢ bi nder

RN SN SRR L TRV ION A0 A AL
i nor gani cieelwding Then kidree heuly C ostr5d £ ued ureb)12 (ﬁeMﬁaﬂ upo f reen the
solution @ e T FEISSa bRl 11 Shalh WIS B0nlds oLyt Tgkaenc ocid
when t he imneyadmia tedr uky uhavidg sthemerield ém tthe ablear: desomi beir
SuspenSiOcnontaining NH;, DOP, and decamethyl cyclopenta siloxane
(Dg), each of which has a different concentration in the
range of several hundred ppt to several ppb. The
protection efficiency against 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 the 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 structure,
wherein the number of airborne particulates is 10/ft® on
the upstream side of the honeycomb structure. Table 7
indicates the results obtained by the above-mentioned
measurements.
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For evaluation of 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 contaminants of the filter is
determined by means of the gas chromatograph as follows.

The protection efficiency = (1 - (B/A)) x 100 (%)

.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.

Each of the two kinds of filters (a) and (b) in this
embodiment has a structure hav1ng thin flat sheets 11
stacked by adjacent corrugated sheets 10 as shown in Fig.
1 and Fig. 6. ° The air passes through the filter having a
thickness of 10cm. The air passes through the filter at a
face velocity of 0.6m/sec, and the total effective sheet
area per unit filter volume capable of acting on the air




inorganic acid is inpregnated to powder of an inorganic substance
consi sting .of at |east one of diatomearth, silica, alumna, a nmixture of

‘sLIica‘ang@ﬁgﬁgbga ~alum num silicate, acti vat ed al um na, porous gl ass,
activated ctivated bentonite, or synthetic  zeolite, wll now
be described. Sodiumis renmoved from sodium silicate using ion7gxiflange
resin and the remained silica is turned into a state of particle by using a
di spersing agent and a stabilizer such as a pH adjuster. This is silica

sol and thﬁa%abbs%ksthﬁnhﬂﬂﬂgaﬂh@ f¢ilders (i wed edid cdiiveolfddd rian itthe silica
sol. The n1xt p ap pa@ted when the solubility of the salt of the
inorganlc d §s 8 Wen the m xture of the silica sol and the salt

of the'indhgamuitﬁncﬂab dof i etlet d lentiioat érasnat ee fbysteaaﬂom&mbm@ a

i b t |t

glbt :aticﬁed?]?kﬁg?%iqr e‘?%%##%lr ngﬁ?actétﬁl ?\tg%t h&%%r O?C fi?% % ebé%l ai ned
“in the fohbogyegmb wuqi:unee f ol ivet i iy 1wmcmnﬁersalud@m§ 12,

al | the mRuirRGhiy g ind §HAYHrRA hfoeletyfe%% ‘@‘(}'r%t%E% dgsgri bed in

t he above, then the ex]1anat|on thereof wl]| e method is
characterlsilé@eﬁlﬁltoﬁataftdﬂetbénl &y 1ngr g b?h?)elsluépleilﬁﬁﬁnpcﬁm@ralé’fmtghe -

adsor bent pag@ell Xegft 0 dhe @dkbiBetdl f abenPfstind TNEEB004i b4d 01 gel
impregnated with aluminum sulfate at 42 wt% in relation to
the total weight of the adsorbent and having an average
particle diameter of 4 um and 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 again, the suspension containing powder of
activated clay (size: 3 micrometers, 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 the adsorbent: kaolinite : inorganic adhesion assisting
agent = 65% : 31% : 4%. 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 = 85% : 15%. The weight per unit
of an entire filter is 235g/lit., and the weight per unit
.0of two inorganic material layers is 94g/lit., thus the
weight percentage of the two inorganic material layers
corresponds to 40% of the entire filter weight.

The filter (b) of the present invention is

manufactured as follows. The filter (b) also has an
inorganic material layer on the surface of its porous
honeycomb structure.: This inorganic material layer is

formed by immersing the honeycbmb structure in a



t he honeyconb structure 12, using an adhesive. In the .case of
pelletizing powder of the adsorbent, there is first prepared a
_m-xture mhicr qgsists of powder of the adsorbent, an inorgani.c binder, a
proper qu 9560 f water, and an . i norgani c adhesi on assisting agent. When
kneading this mxture it is transfornmed into a material which B3Il ayey
viscosity and plasticity and is suitable for pelletization. The

ki nds of the inorganic binder and the inorganic adhesion assisting agent

arle th]g‘- Sﬁﬁ@paﬁswﬂsaﬁtdse?ém gbﬁmlge\ig;ousﬁlye dsaspébsdoﬁem@dafiﬂihﬁ t he |
salt of the_l,norganic.acid i i ssol ved, in a,pfoper antit . wat.er use
for the pBPWQFFzgﬁg ol e %eﬁovb@%%%%%%@ Bb%e??‘ei ?a"f)logeagégi%ﬁpge{io add

the salt aluhbeumnor gadifataci d powtlke pebffet. kaoltiniseal sdspessi bl 8 to add

the salt gt N ani.c .aci. I by, J ' | et
nanufactugéagggekgfégt??iﬁb 6%%%%@:0% t%§é§skwiégggi?%a% égfggso%ﬁof t he
salt of thsorgenganadhasidnandsibbhngrggagtby Kealinisat wsed. istithe
further. aagkber (prhads! ofo Mfleac! HaiB8 d¥Eddtiv okl |t Sxprai ned.
The difference |ies in the_ surface structure of _t % 5&; et. To be nore
speci fi c, PEKBe3DL fadROLAS t Ravpagl & 1ddaBehe&d of t H09BwoRRE BEL S | ABr gani ¢

adsor bent ygheywn dnd Tkl es@atbel N AHibdts t BRECOYh {91 #A1NT a3 oirip@iGani C

mat eri al Ia%er.capablg of , adsar,bi ng_an _re ving a% ous grgagl .

i npuri ti eSUBgtdong i Un ther qrhed gh@'é‘g s@g?%ﬁg? Vi g\ﬁyof § he ?&I t8r 1

whi ch i nclhdesf 1heerhorfaycdms spovesur @fl2yhioht bhesunbdoe efdfectiliech are

T1xed pe%%g%s dig&etégrr§¥%tg¥%utes in the range of 20 to 1000
angstroms, so that they may exhibit the physical
adsorption function that is never inferior to that of
activated charcoal.

The difference between filters (a) and (b) is 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 7,
regarding removal of gaseous basic impurity NH;, only the
first inorganic material layer containing powder of silica

- gel impregnated with aluminum sulfate effectively works
thereon, so that presence of the second inorganic material
layer hardly influences the protection efficiency against
gaseous NH,. However, when it comes to protection of the
substrate surface from DOP and decamethyl -cyclopenta
siloxane (Dy), which represen% the majority of organic
contaminants detected on the test piece surface, the
protection efficiency is remarkably changed depending on
whether there 1is the second inorganic material layer
having the excellent physical adsorption function.

In short, the filter (a) can remove not only gaseous
basic impurities but also the gaseous organic impurities
at the same time. As apparent from the measurement result
of the airborne particulates concentration on the
downstream side shown in Table 7, the filter (a) is formed
by coating the first inorganic material layer containing



pell etizing powder of the adsorbent using the inorganic binder. Pel l ets
21 are fixed ‘to conpletely cover the entire surface of each of the
.corrugategTNKéga ts 10 and thin flat sheets 11, using an nonflammable
adhesi ve. ﬁ i s erbodinent, the object air to be cleaned is nmade to
flow through the thin cylindrical. space 17 having an agayoxi mately
sem circular cross section. The honeyconb structure 12 now havi ng
pellets 21 fixed to the surface . FTNK98004 53/ 101 thereof is treated by
heat in amhel exdsoxbdntr namprépnited ednhrdladmm sslfotkeqpth tydperature

of about Tor ] er ) ' i S . .| r than _th
heatLresiégghgdte%%%f%éﬁfg gghgﬁga%dﬁgéfgﬁ, %5?”§E%St 2°%6%rgF3Fﬁ§Peby
conpletelﬁhﬁégbwmlﬂfSWnBimhnyinghgaseadbldmg?nhcifnnmi;yhepnﬁﬁnen%ﬁ

cont ai ned ji ;adhegy hch t he sur cont nat,j.qQR. e
filter 1 éggrggﬁégnufggﬁﬁfgglthrg%gﬁﬁfhehgébceﬁﬁggtatégH%bofg&%ﬂ%§%iIter 1
t hus nanuPaétdcadadsess apncentaatdonamn i e adnanstraeni sd deorhstcomesnt , so

that if it0i/gtBratiall ad e RRneeivialng agr thap BF %Hg ﬁb%f'eéﬁ"%’idé.he
safety frgmthe disaster Eéev HIOH sﬁsn pol nt, c§n be remarkabl'y enhanced
conpari ng"PFVRE: c e T ?n%qtﬁérco entbhed ERenitdaistt iinagigadrds oyi ng
act i vat edmehbardedl layer exchicewte Ghbeveredt €n, thuhiagh, arndef |AFRINR The
Cross Sec&%?@i%hlate concentration becomes 100/ft3® which is 10 times
as much as the concentration on the upstream side, due to
the exfoliation from the first inorganic material layer.
Table 8 comparatively shows the performance of

various filters, which are manufactured according to the

invention.

Table 8-

Gaseous A B C D E F
Impurity

NH, 95% 95% 92% 90% 95% = |95%
DOP 80% = 99% 98% =99% 98% =99%
D, 50% 90% 87% 91% 85% 90%

In the above Table 8, a mark “A” represents a filter
including a honeycomb structure on the surface of which is
provided with an inorganic material layer. This inorganic
material layer is formed by fixing a mixture consisting
of the adsorbent made of powder of silica gel impregnated
with aluminum sulfate, kaolinite as a binder, and silica
sol as an inorganic adhesion assisting agent to the
honeycomb structure surface. The inorganic material layer
is formed to have a thickness of 100 micrometers, in which
the weight ratio of its compoﬁents is the adsorbent:
kaolinite : inorganic adhesion assisting agent = 70%
27% © 3%. L

A mark “B” stands for a filter of which the
honeycomb structure is provided on its surface with an



the individual air path formed in.the honeyconb structure.is not I|imted
to the semcircular shape. It may be designed to have any kind of
shape. ‘Fig. 4 is a partly enlarged sectional view of an inorganic

mat eri al ﬂﬂ§@9°4orned by fixing powder of the adsorbent ‘to the surface
of a supporter, using an inorganic binder. The obj ect  gd5/101 be
cleaned flows into the inorganic material layer from its surface
(contact face with the object gas) through air perneable pores forned
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obj ect of askéspiageragevehsi ¢h S@s?ehé)i/@ngé@ééudisgsilwn%‘ﬂkmﬁr&ﬂ and the
second 0bjyeghaly i PrESRNtwiteRl i®he of a nanometer to several

tens nanometers. It is once fixed to the supporter
surface and then dried, and it is transformed into a three
dimensional aggregate as an ensemble of primary particles,
so that silica sol is transformed into silica gel capable
of adsorbing gaseous organic impurities. The inorganic
material layer is formed to have a thickness of 100
micrometers, in which the weight ratio of its components
is the adsorbent: inorganic adhesion assisting agent =
70% : 30%.

A mark “C” represents a filter in which the second
inorganic material layer consisting of silica gel formed
by fixing and drying silica sol on the filter surface of
the filter A of the present invention. The second
inorganic material layer is 10 micrometers in thickness,
of which component is 100% inorganic adhesion assisting
agent or silica gel. _

A mark ”“D” represents a filter in which the second
inorganic material layer consisting of silica gel formed
by fixing and drying the silica sol is formed on the
filter surface of the filter B of the present invention.
The second inorganic material layer is 10 micrometers in
thickness, of which component is 100% silica gel.

A mark "E” stands for a filter in which an inorganic
material layer consisting of silica gel formed by fixing
and drying the silica sol is first formed on the surface
of the honeycomb structure. Further, on the surface.
thereof, another inorganic material layer is formed by
mixing powder of the adsorbent, kaolinite as a binder and



tqQ repove gaseous organic inpurities, inorganic- binder, having mainly
pores of nesopore or mcropore range such as pomders bel onging to the group
.Sstated-in_Table 5 (1) and (1I11), is used to fix "the above stated
powder ofINKBR@4dsor bent to the honeyconb structure 12 so as to formthe

i norganic layer 20, for constructing the filter 1. The fil {101 can

al so be constructed by fixing the pellets 21, made out of powder of
‘'the adsorbent wusing the sane inorganic binder as nmentioned above, to

the surfa§§196atBelhtweya::prrbnﬁrwﬁwr adhdsibHr HheimRigg asgentown I A-A and

B-B sectlog VIEﬁB of the élg; th obkects of the |nvefthon can al so
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and by f|£||n t he ﬂ?ﬁb e 'Ii der - shaped casing 22 having a nunber of vent
openi ngs %yg Sthd e pellets 21 to construct the filter 1
The object air AombekcfEaneﬂandssforlam@1ﬂﬂ9n tihewhicér aoylinodgandt the

casing 22xaP85380 1050UIN LRSI 8490E00 MR, | ot MeorRsh NGy 221k b ed v th

t he pellets throdugh e Space ween
cyl i nder andt Hevéaei ﬁ@ezzlén@atrsevleutneer rﬁmst:yfomed oy, thanaurifnam y flows

out therefgompg }%ﬂ%mbl?’ sityeharb] our eriPEhEA! esod hechflowuelf?eetlon of
t he object air. Anp blnders bel ong oup LY
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in the ra”ﬂ%rggnic adhesion assisting agent as a binder. In short,
the order of forming the inorganic material layers of this
filter F is just opposite of the order for filter D.

Figs. 13 through 18 are enlarged structural views in
section of inorganic material layers which are formed with
respect to. the above-mentioned filters A through F.
Among these figures, Fig. 15 specifically includes a
perspective view of a model of the first and second
inorganic material layers, for better understanding of the
structure thereof. These figures conceptually illustrates
various pores in the inside of the cylinder, the cylinder
formed by cutting out the inorganic material layer shown
in Fig. 4 and Fig. 8 in a cylinder—-shape, having its
height equal to thickness of the inorganic material layer.
In the drawings, micropores and mesopores capable of
physically adsorbing gaseous organic impurities are
indicated as narrow openings while macropores which hardly
perform any physical adsorption of such gaseous 1mpur1t1es
are indicated as rather wide openings.

In the case of the filter A of the pfesent invention,
as shown in Fig. 13, its inorganic material layer 51
including powder of the adsorbent consisting of silica gel
impregnated with aluminum sulfate has no other effective
pore than air permeable pores having a size of 1000
angstroms or more, <and it hardly exhibits the physical
adsorption function for gaseous organic impurities.



m_cropqQre and nesopore are small, thus making their physical adsorption
function weaker. Bentonite, which also belongs to the binder group
.(I'l')-described in Table 5 has a large volunme in the range of the

macr opor e TNE@B0G4e i nner surface area and volume in the range of
the mcropore and nmesopore are snall, thus making its physical77/10fTNK98004
55/ 101 adsorption function weaker. On the other hand, anong the inorganic
bi nder group (I) and (111) of Table 5, sepiolite belonging to a hydrated
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sabor ancRUBeTBhEo R B H N DE hroBeREbRs . oREaNi rdnbr PR S hoYahrE o such
asI di at otrheFeﬁﬂﬁlcas|g1ellca:0(IfsJ{cs1nallggeﬂ})e ﬁrhmmd ahatenbalelayvern BRxture of
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silicate, saeg}r%t éav)ingl ms&ge °fga5r gﬁlr&éf afé@n R@Egg{-éﬁs nﬁ’gn@. um
silicate thaydei neral having a crystal structure of the ribbon type,
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and synt hetic

as shown in Fig. 15, its first inorganic material layer 53
including powder of the adsorbent 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
physical adsorption function for gaseous organic
impurities. However, its seéond inorganic material layer
54 consisting of only siiiqa_gellhas on-its surface pores
in the pore diameter fénge of - about 5 to 300 angstroms,
thereby exhibiting the physical adsorption function for
gaseous organic impurities.

In the case of the filter D, as shown in Fig. 186,
its first inorganic material layers 55, including powder
of the adsorbent, contains silica gel, and the second
inorganic. material layer 56, having no above—described
adsorbent powder, consists of silica gel only. Thus both
of them exhibit the function of physically adsorbing
gaseous organic impurities.

In the case of the filter E, as shown in Fig. 17,
its first inorganic material layer 57, having no adsorbent
powder, consists of silica gel only, thus having the
physical adsorption - function for gaseous organic
impurities. However, its second inorganic material layer
58 including the adsorbent has no other effective pore
than the air permeable pore having a size of 1000
angstroms or more. Consequently, it hardly exhibits the
physical adsorption function for gaseous organic
impurities.

In the case of the filter F, as shown in Fig. 18,



zeolite, As shown in Table 5, these inorganic substances have the pore

vol ume of 0.2cc¢/g or nore in their pore dianmeter range of 5 to 300
.angst.romrs, or the specific surface area of 100nferr]/g or nore.

Nat ur al | y FINK04r of these inorganic substances may be preferably used for.
form ng the second inorganic material |ayer which is formed overgMmbe first

I norganic material |ayer including powler of the inorganic substance

(i norgani ¢ substance used for formng the first inorganic material |ayer as

a binder) .idg £afst CARedLERAE nHiRTSall MEay el | 89S withRde UHderOofopowder
of the inarganic, binder, to be.,fixed o0 thﬁ%supporter LS prgg red #S|ng t he
i nor gani ¢ tﬁ%%d@tdst‘?é\bieﬁg}’anCQPFééFFveO%or%l el | AndEe ¥ g% of1§ he

NESOpor e Geddnd OpRSLganpOVHaterdtl tlheyeradsédbedncladdngppuseler odf the
nor S OEAEOEELRLE, MU Al SIS TS5 A gy
machi ne t @ngsithoes,t hetlves | eboltavi rf a themet exhabiar ourie 0. 8hysiwaD. 8mm
Roai nst ¢ ROTEH S0 MU A deblrd P oRa Y Llpfe e aBs e oSt S LS
to make the fil tldyve oprohecpieseraf fiimiemnciyonias exteaimeidn thgthe. samethis
case, It dhf¥ft AN roeeUl 48€h respect to each of -the above-
mentioned filters. All of the above-mentioned filters are
excellent in adsorption of gaseous basic impurities such
as. NH,. However, with regard to the performance of
adsorbing gaseous organic impurities such as DOP - and
decamethyl cyclopenta siloxane (Dy), the filter of the
filter A according to the present invention is specially
inferior to the others, and filters B through F are
excellent in adsorbing such impurities. The reason that
the filter A is inferior to the others lies in the
inorganic material layer 51 which has no other major
effective pore than ‘the air permeable pore having a size
of 1000 angstroms or more, thus hardly having the physical
adsorption function for gaseous organic impurities. Each
of the other filters is provided with the inorganic
material layer which includes the pore in the pore
diameter range of about 5 to 300 angstroms, which is
‘suitable for adsorbing gaseous organic impurities, thus
being able to adsorb such impurities.

Needless to say, the object to be cleaned by the
filter of the invention is not limited to air. The filter
of the invention is applicable to cleaning other inert
gases such as nitrogen gas and argon gas, and capable of
creating 1inert gases suitable for the manufacturing
‘semiconductor devices and LCD’s.

Next, the function and effect of the clean room
according to the invention will be explained by way of an
embodiment according to the invention.

There is prepared the high efficiency air cleaning



that the supporter is in the formof the honeyconb.structure. It may have

a three-dinensional mesh structure such as rock wool . Thi s mesh
.structure Tﬁé&ﬁnitrates a high air resistance since the object air passes
across thE structure, but it gives the object air nore

opportunities to get in contact with adsorbents than the hpheng _
structure does. Fig. 6 is a schematic exploded view of a filter 31 relating
to anot her enbodi nent of the present invention. In the filter 31, since
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shown in FiG  naf e, the i ngrdani g pouder havi ng
por e di anBt &8RPk ﬂﬁ@uFéﬁéésoPstﬂé sop®fe T toircddgoris @gr@ggﬁ ddto

‘i nor gani ¢radsorthiel vob jededir cTheudst Biig shapa and di NS0 ePoms /@fin. t he
filter 3% Qlanéﬁyzéf*¥3} gggsgrlng Ege concentration of NH, gas
is installed in a space 102 of an object air to be cleaned
in the clean room 100, and the concentration of NH,
contained in the space 102 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 leaving the test piece in the space 102 of the
clean room 100 and exposing it for a predetermined period
of time. More specifically, the contact angle is first
measured immediately after rinsing the test piece, and
then measured after exposing it to the space 102 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 contact angle is 3° at
the measurement immediately after rinsing the test piece.
The quantity of powder of silica gel impregnated with
aluminum sulfate as the adsorbent is 500Kg for dealing
with the object air circulating at a rate of 5000m®/min, in
other words, 0.1Kg at a rate of 1m*/min.
Next, another measurement is carried out by
substituting, for the filter 111, the three kinds of
conventional chemical filters, namely, a filter formed by



correspond the space available for installation. The effective pore
di aneter of the inorganic binder for use in the formation of the first
inorganic material layer 25 may be different fromthat of the inorganic
adsor pt i v&TNEKRIE4 FTNK98004 57/ 101 used for form ng the second inorganic
material layer 26, and may be in the range of nmacropore goaging no
contribution to physical adsorption. For instance, <clay mnerals such
as talc, kaolin mneral, and bentonite as shown in the group (II) of

Table 5, ¢ihand yflkaﬁEUd@ctnpﬁ@c? ch%?'&bh'lbutbnglowtﬁelt@figS'
adsorption, _ but the used as the ino anlc er f,or Eég;gflrst

may
adsor pt i vOlvgsder 2ar polx@§5er MG Janied 'anb% ?%tﬂﬂgaa such

as sodi umfsgydu, cat@, silten, aeﬂmauumbrya rmy:ibﬁg useshk fvatdde sleaicgall pose.
It should be silica il

d .th d I I
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particles af palyestéxenonoveren sfiphoicebinderada andeltterf agm.ed, Theraki ng
It capablyfys QfreSOT N Whr9ASPAUSt Of 98KE CsafiPUEARASS - as mentioned
above. That is, the concentration of NH; gases contained
in the clean room air is repeatedly measured every one
month.
The contact angle is measured using a test piece, a
silicon wafer substrate covered with the silicon dioxide:
film free from any organic contaminant deposited thereon.
The measurement is first carried out immediately after
rinsing the test piece and then after exposing it 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

adsorbent i.e. fibrous activated charcoal, activated
charcoal particles, and ion exchange fiber, is made equal
to that in the previously-described embodiment according
to the present invention i.e. 0.1Kg at an air flow rate of
1m®/min.

Furthermore, the concentration of NH; gas and the
contact angle are measured with regard to the clean room
provided with neither the filter 111 nor the conventional
chemical filter described above.

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 conventional chemical filter. On the
other hand, the concentration of NH, gas is maintained in
the range of 0.5 to 1.0ppb in the clean room provided with
either the filter 111 or the conventional chemical filter



In.this. regard, an inorganic adhesi on assisting agent such as silica sol
and alum na sol nmay be solely used in the sane nmanner as silica gel .and

.al um-na gel are used for the binder to adsorb gaseous organic inpurities of
the first FANK¥004i ve | ayer 25, or it can be used in the sane manner as
silica gel and alumna gel used as the inorganic substance to %ﬁ?ﬂ“?-
gaseous organic inpurities of the second adsorptive |ayer 26. is to
say, the first absorptive layer 25 is required to renove gaseous basic

| npuriti egoy ”ab&@? adl he e céMWen{ifsicECQRd. Nq.ps%%gtl W& edEr 26

is FEQUIFE% %o dsor an renpve %aseous organj ¢ i bri ey Fig. 8
SR Oar

is a partlly Qﬁ%e@?ﬁoﬁf&larw edief ta ddepl dstenianatdomrosi nghehe fir st
and secondda@stAbnvEuhaXeos. ofsthBowRlkerFig. 8, the second adsorptive

moaries s 030 SamRaTa sl S hbdyn the, HOVARES JBOFE of e RASSaBETNKIB004
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the Ei‘iﬁﬁ%%aé’%.ve ovbb' B e FERIRC L CEAER IR, RBrBRCRLBRSE A oy ect
air on thé&léeangoogsmasi die sdrdbed .akdone, aramedgnpibe ofires tmetmeod o iog
manuf act upirRG ildee with the air filter 111 according to the present
' invention, the second one being provided with the prior
art chemical filter, and the third one being provided with
neither the filter 111 nor the prior art chemical filter.
The test is carried out according to the above-mentioned
12-hour exposure and measurement cycle.

After 12-hour exposure of the test piece to the air
circulating through the clean room provided with the
filter 111 of the invention, ‘the contact angle is changed
to 4° from the initial contact angle 3°, the value obtained
immediately after rinsing the test piece. The contact
angle is increased by 1° in terms of the net value. It is
to be noted that the measurement value of the contact
angle measured every one month for one iear after
initiating the operation of the filter 111 is maintained
at about 4° with no significant changes. After the passage
of one year, the contact angle begins to increase due to

. the decrease in the adsorption function of the_filter.

On the other hand, after 12-hour exposure of the
test piece to the air circulating through the clean room
provided with the conventional chemical filter, the
contact angle is increased by 10° from the initial contact
angle. This result shows that the conventional chemical
filters for removing inorganic gaseous impurities not only
lacks the capacity to remove organic gaseous impurities,
but also desorbs. organic gaseous impurities to the air
already filtered, for these filters are composed of such
members as filter media (such as non-woven fabric and
binder), adhesive for fixing activated charcoal to the



filter 31 will be explained. First, a porous honeyconb structure 12 is

manuf actured. - Up to the formation of an inorganic material |ayer, -all t he
manufiacturing steps are carried out in the same manner as expl ai ned before,
and t he 98064i on thereof will be onitted. Next, the

honeyconb structure 12 is imersed for several mnutes in a sugggpgi on in
whi ch powder of the adsorbent, and an inorganic binder such as

tal c, kaolin mneral, and bentonite are di spersed. After this
process of h'e@rfer@p% a%hﬁe%%xeoybswuai»yfﬁa&éﬂ tésiﬁ eaé;?@X}bYré’s'ci%I at
about Zoofer I,rst
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' The air filter 111 of the invention, therefore, can

remove not only gaseous basic impurities but gaseous
organic impurities as well. Furthermore, as briefly
mentiened 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 on the surface of the wafer left for 12 hours.

After 12-hour exposure of the test piece to the air
circulating through the clean room provided with neither
the filter 111 nor the conventional chemical filter, the
contact angle is changed to T7° from the initial contact
angle 3° the contact angle being increased by 4° in terms
of the net value. The increase in the contact angle means
that the organic gaseous impurities are not removed.

Summarizing the above, the filter 111 of the
invention and the conventional chemical filter have no
significant difference as far as the removal function of
NH; gas is concerned. However, the filter 111 of the
invention is superior to the conventional chemical filter
in such that the filter 111 can remove. gaseous basic
impurities and gaseous organic impurities at a time, and
never acts as the new source of organic impurities. On
the other hand, the conventional chemical filter may
remove gaseous basic impurities, - but can not remove



as. al um na. Simlarly, the m xed gel consisting silica gel and al um na
gel may be used as the m xture of silica FTNK98004 59/ 101 and al um na.
.Sepiolite sﬁ& 8§iygorskite are used as a hydrated nmagnesium silicate clay
mneral h crystal structure of the ribbon type used for formng the
second adsorptive |ayer 26. ‘Thus, the honeyconb structure 133y101whi ch
the second adsorptive layer 26 is coated on the first adsorptive |ayer 25
can be obt ai ned. I n powder of the inorganic substance used for formng

the first gadeeupt iorgahdyeri murdnd eishe Sheoigk@dshephhateekayeirsdf, iat | east
one i norgani adhesion _assistin ent such di umgsi.l.i.cat e,
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S
adsor bent =i norgani ¢ bi nder forU1ng rst” adsorptive layer 25 as
a first i songenitéonalechamicajefilderhespblesmallene honeyconb structure

12, or another ngle ofnddsdtyydiyi ngshbg | DOHGANiKL AdsaaRLEVE PPV
form ng the second adsarptive |ayer S a seco i norgani ¢ naterial |ayer
to the fiP8rtigyéppei fé litgyer the clean room as shown in Fig. 9 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
measuring the change with the passage of time with regard
to the contact angle. The test is carried out according
to the above-mentioned 12-hour exposure and measurement
cycle. After 12-hour exposure of the test piece,‘which is
a silicon wafer substrate covered with silicon dioxide,‘
immediately after washing, with no organic contaminants to
the air circulating through the clean room provided with
the particulate filter excluding any material desorbing
gaseous organic impurities, the contact angle is increased
by only 1°, in other words, the increase in the contact
angle is quite small.

The reason for this small increase in the contact
angle is as follows. As described before, the filter of
the invention removes gaseous organic impurities causing

. the substrate surface contamination and also it never acts
as the contaminant source by itself. In addition, the
particulate filter arranged on the downstream side of the
filter 111, would not desorb any of gaseous organic
impurities. On one hand, after 12-hour exposure of the
test piece to the air circulating through the clean roon
provided with the  particulate filter including the
material desorbing gaseous organic impurities, the contact



- treat nent

The method for adding the salt of the inorganic acid contained in the
filter 31 of the present invention is "the same as that described before.

. One of “such nethods is to dissolve the salt of the inorganic acid in a
suspensi dHNKB80G4or i ng the first inorganic material |ayer or the second

I norgani.c material |ayer, in other words, a suspension $4710hi ch
powder of the adsorbent, the inorganic binder, the inorganic adsorptive
powder, the inorganic adhesion assisting agent and so forth.are m xed.
Anot her r@:wp@l 1§ ifcteagedebyhge, hOﬂBVCDS'bcsﬁsMém& t}ma 6loé ul? ofn of the
salt of t |nor ani c- aﬁ ﬂaafter for 'Bg I rst |nor g Lal |ayer
2nd the SHONREHORTENTE frat oF | GPUPRJcPT EASCPBSGPTEASAF niByURLREe

treat nentthdhethoendydarp Faildedurte IPendwes obtti tiked nentbheingnBt uides any
f I ammabl e it [ 4 0 esorbs
any of ga%aglg% éoﬁ&aﬁggeoﬁﬁurlt eé cgﬁg)ltunrgl{sjiﬁer rf%mq‘ogn 1[61%1% o t he

product beamubeubatd fibkwet.als or inpurities are conpl etel y r enoved
from ”ate“a'%&f)&ﬁ{é&”té dififedtd { &ff d4iend g paBGNKE- Hg@tlegeﬁﬂeat

one co structure never desor gaseous
organi c $hpeusEeesin qukqunmt]ﬂt aj Chpad eFadle d8 Jﬂbl%c% terial

as al um nyie  Whoef sR@ist hedr daaaLPad Y r 9AEE Qe I¥oIUCE or MUKV d RS HPT
' ncl udes 883 s can be carried out. However, the invention is not
limited only such clean room. " The invention is, as a
matter of course, applibable to the air cleaning apparatus
for use in a locally confined space, so-called, mini-
‘environment, for instance a clean bench, a clean chanber,
a storage means (stocker) for processing and/or storing
clean products, etc. Furthermore, 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 l-gigabyte
would start in 1999, using a gigantic silicon wafer with a
diameter of 300mm. In the case of the apparatus used for
manufacturing such a sophisticated semiconductor device,
after introducing and setting the silicon wafer in a
chemical reaction chamber of the apparatus, the inert gas
. such as highly purified nitrogen and argon is often
supplied to the chemical reaction chamber from an inert
gas source so as to fill it wup therewith, before
initiating predetermined various chemical reactions with
the silicon wafer inside the apparatus. The inert gas
itself is so highly purified that there is no possibility
of contaminating the surface of the silicon wafer.
In order to control supply of such purified inert



fl.ammabl e material, for the material of the outer frame 15 shown in Fig. 6.
1t is also preferable for an adhesive and a seal ant, which are used for
_fi-xing-the honeyconb structure 12 to the outer frane 15 or filling the gap
bet ween th ﬁé%conb structure 12 and the outer frame 15, -to have
characteristics of neither generating gaseous organic subgsagtes nor
containing any flamuable substances. In this case, for instance, the
entire filter 31, in which the assenbling is finished by fixing the outer

frame 15 §9st he JRRUGOMR xﬁélr%ct%e prcviddY bRewebheafind ch¥mheal to
conpl et el desorb a renove s organi c inmpurities .causing surface
cont ami nafEBATEPBm ERRNEEL tglbenesllwtancfatrge SUDB Xﬁflg\/\hisearﬁPe

constltuenhérefofbﬁ ﬁﬂtﬁy ﬁﬁbsﬂ&&& that heheentwilve ofighterv@dk sana be

From ot ef PUFEEWRE CRegoofs: chehEPare ARy=EETE8: . A??é TRt R
ot her exafipléeonf of mhehmdvént1nantaDruNndgdthetblw er gag ﬁdbw pethbe
desor| bedyoeubBal i, SYATPL CalCPNENEATRA1 SIFHEIWE ofiZaber RY! aCt ur ed

by the above- I oned nmensi_ona ructure
such as rm@nldo@wmpgeuwannguﬁeﬁh@ﬂxnﬁkxﬁqnﬁamnnﬁnkﬁﬂwbxghnmaghbubeof t he

adsorbentgeﬁergtéed b9 t@ﬁeSU3549% Oftﬁaegb§upe%h%@abwwaﬁgantadh%ﬁbve

The pelletls e, out g hﬁ sorbéent used durin e coyrse of the above
met hod, aP&CPEBHAPRAOBY tAEXSHY ﬁéﬁdépn6ﬁmé&§$#88n@n 0 *Phd BPFOVGASE bi nder

and pel | ebFzppgdtibe GuXlyte. as well.
The present invention has the following effects. In
the case of protecting the substrate surface handled in a
clean room from contamination, the air filter of the
present invention has a ‘capability to adsorb and remove
both gaseous basic "~ impurities and gaseous .organic
impurities contained in the atmosphere which cause the
substrate surface contamination, so that highly clean air
which is suitable for manufacturing semiconductors and
LCDs, ‘and vwhich is free from any gaseous impurities
| causing substrate surface contamination, can be produced.
In addition, by using thus produced air for the atmosphere
in the clean room, to which the surface of substrate is
exposed, the contamination of the substrate surface is
protected. ' _
Furthermore, another advantage 1is to provide a
filter having no flammable substance in its constituents
by combining an adsorbent in which a salt of an inorganic
acid is impregnated to powder of an- inorganic substance
selected from at least one of diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite as the adsorbent
to adsorb and remove gaseous basic impurities, with a
properly selected powder from various inorganic substances
as the adsorbent to -adsorb and remove gaseous organic
impurities.



FTNK98004 61/101 The pellet coated with powder- of an inorgani c substance
(i norganic adsorptive powder) having an effective pore diameter in
.the .range - Mesopore or mcropore, is prepared in advance.

The et hBENKglsQQ‘l manuf acturing thepellet is that in order to forma
coating layer of the inorganic adsorptive powder,. the above pgg)rf formed
out of the inorganic adsorptive powder is first dlpped in a suspension in
whi ch the inorganic adsorptive powler for use in coating is dispersed,

then taken oup hﬁ@hmeftfh@1%@1%99%51&0%1%%@11@@ PparaltusOlcdys thr@ citR@r ease
t he nechanlgﬁ §§8 th of tq caatln t he above suspensi on may..contain an
e n

i norgani c¥a é §e§tPﬁg et Vied ﬁ@ 361 SUPLTS O R PFEVie ﬂ@&nlc
adsorptivdlpamﬂer foo udhe i highateff)i ciendhatbitrhect esnli@ntappadiaitng cones

i ncl d h d wd d ' '
adhest on. EaSrEpfhglag il S2hE 2 S%&%“&%Pﬁi iant L1EaE 0r SERDE” povder
and the |aortgamtedadttmm]asa|dsprrhgnageand ar use i exchangegfibey. be
sel ected gfg ePIRY S V1 Ay Ot'ff)&ﬁdcaﬁ‘ gr%*mfef 1 PIEYoR Eofikeapiig Bpparalus

related to thé enbodi ne ent ‘invention w | SscCri bed.
Fig. 9 ismatezhammmat |gm§¥ahw5n gRSE o8| AT FAHL aSHbgharees civdyieh  air

cl eani ng ca@@l@artﬂiélssubéﬁ)ré)te GUIFlIcICt Eoh BHPOI M 1ith.t O b RFIQHgTHNt of the

|nvent|onth S;ngh é¥%1c1ency air cleaning apparatus constructed
with the filter of +this invention can protect the
substrate surface from organic substance contamination
more completely than the high efficiency air cleaning
apparatus constructed with the conventional filter using
activated charcoal adsorbent and/or ion exchange fiber..

Although the main. impurities to be removed by the

filter of the present invention is gaSeous basic
impurities, the filer of the pfesent invéntion is also
effective in removing gaseous organic impurities. Thus
the filter of the present invention has capability to
remove gaseous basic impurities and organic impurities as
well, thereby expanding the advantage such as reduction of
the volume of the adsorptive layer, reduction of the
pressure loss, reduction of manufacturing cost of the
adsorptive layer and so forth.
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din-which pﬁﬁ\ﬁégé& L‘and delicate pr.

processed ¢ ng portion (§ERlyer .igﬁlqg}geaqg_,_a{@awgnd‘er fl oor
portion (return plenum 1Q g W ¥ eannsid PR | 8TAIRd  at
the top and the bottom of } gvﬂ§MQ return path
105 |l ocated on the side of the}gt Nhadad NS CEi | i ng portion
103 is arr@bgtdsa clean fan unij™® S ged wth g fan unit 110,
afilter 111 with good vent for renoval ol gaseous I mpurities, and a
particulate filter 112. A sem conduct or manufacturing FTNK98004

62/ 101 appdratusAnlddri filteracbmprisinpeanoihiorgaspaceaté2iahdlages as a
kind of a oyL.C h n ' 0 apl Lk gpedeof f
wth: grateg panglg§1ﬁéxﬁné %hHagﬁg%%%?ﬁngEEFkB@n% 40 g?a%?%%éeg Q£
condensat i 8n SYHPOTFRLE hdlSidE d@wdg/rpeomgnl slnqmamcedsubﬁtmmn@%r af | oor

portion 1oﬁlhﬂe9rdﬁhe£glﬁe§b1ﬁ”EBSBPEeHEaﬁs|%%@p%@HEQGYbX ??% ghgfiiggnduct or
manuf act uri ng ag?tus The nopn: vvmégg condensati,on coil 116

means an afr mkﬁ‘bhléﬁ§lgﬁéé°trﬂ§:1a4r fo ol &4 @R hdBer8a8deng any
dew condensabkoancen cémeistinid ae€ &t leadteaboneexshantitrtom eArth,

silica, alumina, a mixture of silica and alumina, aluminum

efficiency air cleaning appar at us i ncl udes a cl ean room and a
The high efficiency air cleani py=emeeratrs—to0 a mnr ﬁ HH"""

silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite.

2. An air filter comprising an inorganic material layer
that is formed by fixing the following adsorbent to the
surface of a 'subpdrter, using powder of the following
inorganic substance o as a binder or a filler, wherein
said adsorbent is prepared by impregnating a salt of an
inorganic acid to powder of an inorganic substance
consisting of at least one of diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated ©bentonite, or synthetic zeolite; and the
inorganic substance o« is at least one of tale, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
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, actlvated bentonite or
synthetic zeolite.

3. An air filter comprising a first inorganic material
layer and a second inorganic substance layer consisting of
the following substances and a supporter, either one of
the first inorganic material layer or the second inorganic
material layer being directly fizxed to the surface of the
supporter and the remaining inorganic material layer being
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.tenperaiure sensor 117 is set up in the return path 105 to detect the
tenperature therein. rhe cootinmg water—flow regul ating valve 118 of the

.non- dew t ensat i trolted so that the tenperature

detect ed m%ﬁgensor ﬂ“fm " im lmnmgr edeterm ned | evel. By operating
the fan unit 110 in the clean anuunst , the air in the cIe&m/ﬂQpn1IQO
begins to circulate at a properly regulated air flowrate in the follow ng
.order: ceiling portion 103 - working space 102 - under-floor portion 104 -

return pataddiiGS onaddiyl i fdxedrt ton ﬂlﬁé% v facd hebfaidlthbs fiii‘@‘r,l:c ai:ﬁﬂbd hr Oggh
t he cl ean i su rder e air cog e an. o e. non- dew
g{ganri (ﬁ%t%'}l%} laye s% 3@58 \%e nﬁﬁﬂsl SkA0T

type condens
partlcuIamaﬁanmmﬁtl&xgnxﬂméjhbd Bﬁcphd amm@mhaﬂnndaawm are stankmﬁ by

the filtegn Ihb sglé' ac%m%fngthgasgagﬁokm"' t%ﬁ?ﬂer ebpsaﬁ]ecg%ec filter

112 which are provi I'n the clean uni't 113 ean air
having a sdiorginic mdmiial deven eifpes akawer formedy of camta

suppl i ed tyhitdhe ¥Orikid@ Bpach :}@Enaﬂoﬁgf bl 5an+1 bk Ty ¢ cg eOUS
impurities is an.air filter sor I xed

[ cont powder of th
with the &0 tP8Fdghe 9 o@ﬁan?%°%§?ﬂl%cé@&ﬁﬁﬁ?qgatlﬁ?ﬁﬁ%ﬁi&ﬂg p véﬁﬁlon

previ ousl \l eatpl g edf d1a%@diduitHi|§fI1ééJ ﬁ@ﬂmiﬁﬂDVﬁ @SAAWS hesi c -
i npuri ti es .gnd £ even gaseous_or

in  the Sy 3 Hhgna %ﬁugunmnl t rllctfllt%s as““é’c??@& tﬂ@gﬂg%nlnye/dw th
‘ porous glass, activated clay, activated bentonite, or
synthetic zeolite, and powder of an inorganic substance
used as a binder; and said second inorganic substance
layer is a layer consisting of at least one of diatom
earth, silica, alumina, a 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, activated
bentonite or synthetic zeolite.

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 formed by pelletizing
the following adsorbent using powder of the following
inorganic substance « as a binder or a filler, wherein
said indrganic substance o is at least one of talc, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
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, activated Dbentonite or
synthetic zeolite; and said adsorbent is prepared by
impregnating a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina,' a mixture of silica and alumina,
aluminum silicate, - activated alumina, porous glass,
activated clay, activated bentonite, or synthetic zeolite.
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FTNK98QO4'63/101 mat eri al which neither includes any flammble material as
the constituent, nor desorbs -ary—of—_gaseous organic inpurities. The

parti.cul a 112 is disposed dommstrean15|de of the air filter
111 and rgmtogart iculate inmpurit r" mmﬂ)l culate filter 112
is constituted with material mhlc rption of89gileous
organic inpurities. The outdoor air |s properry supplled to the under-

fl oor portion 104 of the high efficiency air cleaning apparatus 100 through
an outdoor air introducing path 120. The outdoor introducing path 120 is

al so provided mnth the Jdql t venti f enovi ng
gaseous | r?gurl t A aclc}‘nt lntee%r I%o#pﬁ‘él &O%ooré“glﬁporﬂer} g ﬁriisfpepoéllé’t
condi ti onemdl 22 sscdméppekbehpswheaannheaaﬁrSEwbmdrpﬁiieﬂoﬂs fdrmed pur pose

of 1 erm\@ﬂﬂl usk ?Tgwmﬁ' rftﬂ.rsq,‘e IP@Ifétcuﬁ?t gﬁa‘tﬁlnkh%lgy'ﬁt rﬂﬁ%ﬁd

outdoor air control tenperature 0
out door &% . t e AOvavémgy 1n9EREFH C 13217b51ia§1°95et3 » upn oﬁaltdhese‘iﬂﬁ‘hoor

air 'ntroqﬂﬂ' ng pakh #2304 oﬁ\ wﬁieersﬁypeby ers§é'i@ rs% b@%?g Vs9dlvde 129,
which is I'ocated |f&the hum d é 80§trol ortlon uni t (ﬁg air
condi ti ondrirsipopellet é%nPFSPF 8 YSM ét\ké'ﬁntghétn OrFLhﬁndﬁ t8A%fet ect ed

by the senspridgreisakbpi at salpr efetayainérgani® hbedotberpowaied dthere is
provi ded 'al t'¥%8¥?¥ﬂl%g 308§ a%gg aggﬁgfétlng of at 1least one of
diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
- glass, activated clay, activated bentonite, or synthetic
zeolite using powder of- an inorganic substance as a
binder; and said inorganic substance B is at least one of
diatom earth, silica, alumina, a mixture of silica and.
'alumina, aluminum silicate, activated alumina, porous
glass, hydrated magnesium silicate clay mineral having a
crystal struéture of the ribbon type, activated clay,

activated bentonite or synthetic zeolite.

6. An air filter, comprising a casing filled up with a
plurality of pellets, wherein either a pellet which is
formed by pelletizing the following. adsorbent using powder
of the following inorganic substance o as a binder or a
filler, or a second pellet formed by coating with powder
of the following inorganic substance B around a first
pellet which is formed by pelletizing fhe' following
adsorbent using powder of an inorganic substance as a-
binder, is filled up in the casing; wherein said inorganic
substance « is at least one of talc, kaolin mineral,
bentonite, diatom earth, silica, alumina, a mikture 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, activated bentonite or synthetic =zeolite; said
adsorbent is prepared by impregnating salt of an'inorganic
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heet Has Been Replaced

T



hum dity sensor 128 for detecting the hum dity of t he at nosphere in the
wor ki ng space 102. The outdoor air supplied to the under-floor portion 104

Tt roduci AgNiE50.7i ' 1 e to the %PETlﬂﬂllJMllﬂﬁllﬂmﬂl he return path

105 and the ceiling portion 103. ) THen: the® ar in 901 anount
corresponding to the amount of the air |ntroduced fromthe outside, is
exhausted from an exhaust opening 125 through a return gill 126. Since the

filter 11lawid tte powéeti of hnclluMQMc suUbBYERHR0 4 I it gl ayfredy e
constituent t he gfﬁp " ron1 dgsaster greventlon st.andpoint, is

F enar kabl yL 93 098 Bfe ot o farie, sih 3888 °hy BiPPed % QAN (e entire
surface ofsithiaceceaﬂld nglpmnnapn adfumti h&mc | seidni crace) asc sivased naFimind, when

comared il 1812 &25C o 1S d 181607V 0L 003Eg SPERLR (1| (8L
va

whi ch mat er| as ‘actl ar coal and
i on exchar@@l‘ﬁhﬂielrc Z$@11h@i aanéd sallldrtheomrelc i ﬁubﬁ'@almegh Bef f1|SC|@1ncy air

cl eani ng 2lofe 189 didion 'derih,! | E21icd 2 albhiga, 3 nfflureifant no

the intro uced outdoor ai'r i s consti’tuted as t e f ter
111, the Sk yand omlERénai s advay ngie il cat et aambb\raw ed sakmxn?er

i”DFOVGd o £ AG12R%, M hpdeased magnesium silicate clay mineral
having a crystal structure of the ribbon type, activated
clay, activated bentonite or synthetic zeolite.

7. The air filter according to claim 1, 2, 3, 4, 5 .or 6,
wherein the average pore diameter  of said inorganic
substance powder impregnated with salt of inorganic acid
is 100 angstroms or more.

8. The air filter according to claim 1, 2, 3, 4, 5 or 6,
wherein said salt of the inorganic acid is sulfate.

9. The air filter according to claim 1, 2, 3, 4, or b5,
wherein said supporter has a honeycomb structure.

10. The air filter according to claim 9, wherein said
honeycomb structure consists of inorganic fiber as an
essential component.

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

immersing a supporter in a suspension in which the
following adsorbent and powder of the following inorganic
substance @ are dispersed; and then

drying said supporter, thereby forming an inorganic
material layer fixed to the surface of the supporter.

vherein said adsorbent is prepared by impregnating a
salt of an inorganic acid to powder of an inorganic
substance consisting of at least one of diatom earth,
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where ., the conve filter whi ch is constituted

based on-the flanmabl e @\Iﬂ 3‘ f“ﬁ activated charcoal and ion exchange
. fiber, n or ~filter such as a nmedium efficiency
air fllteﬁm{ggwﬁé f||t [M u filter, generally uses fibrous '

filter media containing a binder which includes sone volati®&10&rganic
substances, and a sealing material which is used for fixing the filter
media to the filter frame and contains some vol atil e organic substances.
Theref oresilicdesoapumdna, of mgasepvesofosddiica amduailuinéaabr edkmioum from

par 1 cul ot bFERPRT Teo BRCPAcORFALHR:  pryBRE ER=SR  petTTabBeBTET o orpl oy

the filteactbvabedhi bentioadtno bmmﬂﬂsxnﬁhqﬂﬁnruﬂemeﬁQﬁllenérgaaud
subst ancelﬁérga?i@d%rubfs% andel | b erlsmsglta leasschob‘xlxﬁ Q! ytéﬂ? Fkbpesamedia

I ncl udi ng suc I nder be available, it is prefe € to prétreat |t by heat
to renovelyBeERli e BEREAREtQUbsEAALEE t BeFERr onSi ap@herﬁéu@1nas t8 the

seal i ng @i gEiab fQ&ffléhm@chhe indtehlm&dnatc)étumiﬁﬁﬁersﬁuaaate,the
same atten%Lon S be paid in Iectlo &ereo Furt her nore,

it is prefé é}SPEeél t tﬁgrumcldlasel eE?r3u§eaI5 ﬁ‘&s’ma i 3380L{dldes no

vol atile ssbitgaate ikt anteer®l havdmgl oy svebtab %Itrru'fclt@&'fe pssghee

E?&kgggo4rlbﬁ pr%%b%?s th 1vd%! pet §¥1th§c {$§€£dnegégtgggtéheor

synthetic zeolite.

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

immersing a supporter in a suspension -in which the
following adsorbent and powder of an inorganic substance
for the binder are dispersed; :

then drying said supporter, thereby forming a first
inorganic material
layer on the surface of the supporter:;

immersing the supporter on which said first
inorganic material layer is formed in a suspension in
which powder of the following inorganic substance B is
dispersed; and then

- drying said supporter,' thereby forming a second

inorganic material layer on the ‘surface of the first
inorganic material layer, or forming said second inorganic
material layer on the surface of the supporter and then
forming said first inorganic material layer on said second
inorganic material layer,

wherein said adsorbent is prepared by impregnating a
salt of an inorganic acid fo powder of an inorganic
substance consisting of at least one of diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and said
inorganic substance B is at least one of diatom earth,
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65/ 101 filter frame by means of a physical or nechanical neans, instead of
using a sealing material having the possibility of d Lhg organic
_inpuritie%ﬁgﬁg 10 is a di agrammatic repnﬂm ﬁﬂ I ﬂﬂﬂgigh efficiency
air cl eani %g%ratus 100" according to nt of the
invention. The filter 111 used in this enbodi nent has a honeycdﬁﬂlﬁlructure
‘which includes powder of the adsorbent fixed with the salt of the

i norgani c aci d. In this exanple, however, the filter 111 is
i nst al | ed sitic4, heabﬂilinm,g ponixourd 03f ofilhea hagh aidntnancylumimum

cl eani ng e c p n artly.
Cbnsequgntfg¥mq{? n%gglkagllteﬁgﬁﬁggg |nsktbﬂg %L%F% Oé%@ﬂ%%d@to a
hal f of t@agxtﬁszfumtsaxblm‘eej ¢hay heimerml chayingneycnystel eabtwgtudpar at us
100 as shoyp {fe Ffﬂbb tyﬁﬁceg&twst@am@?aypfaétirfféd bedf®ifte i§r NO

di fference between fficrency air cleaning apparatus 100 and
100' as shovthes JF"rg%eO JE)tehnd 10. Therefore, corresponding parts of two
hi gh efficiency air cleaning apparatuses are designated with the sane

reference mer gl,s, and detail d expl n qof the correspond arts

Wt nor bE T et merBRoal fn BASACEMAREn IS of A10 oabl LHOF! | ter

of the presegdrdinvgento omlaﬁntnyl Murthere v riariaghasistepubgt ances, and

or gani ¢ subst ances cal ub re; asic ses

resol ution fail ute So(?l rgé ? ‘%q: hrfre at% %I? é%ousW%Fggn iC sggz? es to

t he substrinto suthace stapsas idaf ectepafr atedyl at hieftprs | | tomexs ing dethel m
supporter.

14. The method for manufacturing the air filter
according to claim 12, further comprising a step of:

dissolving a salt of an inorganic acid in advance
into the suspension before immersing the supporter.

15, A method for manufacturing an air fllter comprising
the steps of:

preparing an adsorbent by impregnating a salt of an
inorganic acid in advance to powder of the following
inorganic substance ¥
immersing a supporter in a suspension in which powder of
said adsorbent and powder of the following inorganic
substancea as a binder are mixed together; and

- pulling up the supporter from said suspension for

drying after immersing, .

wherein said inorganic substance ¢y 1is at least one
of diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass, activated. clay, activated bentonite or synthetic
zeolite; and said inorganic substance o is at least one of
tale, kaolin mineral, bentonite, diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated. alumina, porous glass,  Thydrated
magnesium silicate clay mineral having a crystal structure
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adhering defect. of resist film_and increase in electrical resistance of
the substrate surface, which sonetines results Tm electrostatic adsorption

Pk e 0 o onecbt " ML D ot e’ ovis, Puaricrs,

and constitutional menbers of the clear rdoms exi sting in the hi9ghi0l

efficiency air cleaning apparatus, nore or less play a ro{g of a gaseous

i mpurity source inside the high efficiency air cleaning appar at us.

FTNK98004 66/ the Eibbloar raype, tadvst imatddore lay, iavtrioditedd bemtiohd tel @an room
may play a_t . a ;ernal contam nant source because contam nants are
cont ai ned Fﬁ§#§F§E°A§8§?%?EQ|y, the main role of the filter 111 is to .

renove gaseous cont am nant s gener at ed in the —high efficiency air

cleaning apgar at hef ' ARLMIY Al irofl | CHAALEDG AP LT NHRUAN. 551 NG00,
reduci ng the __concentration_- of gaseous contam nants. On “t'he "ot her
hand, the2c§P&ddnst ke elpi®dr 19917 urshexscelompri sitnga P &if: i ntroduci ng

path 120 idikgol@inge thasanils CONt BHbNaAbegaRNEALRSE isRpkRateydqQiedi I,
t her eby reduci t he concentration of such gaseous contam nants in the

n
hi.gh efficﬁ@ﬁéyggﬁpeeﬁéaﬂing apparatus. . Wen the operation of the high
efficiency air cleaning apparatus provided with the air filters 111 and

17. A method for manufacturing an air filter comprising
the steps of: |
immersing a supporter in a suspension in which
powdér of the following inorganic substance vy and the
following inorganic substance ¢ as a binder are mixed
together; _ ' ' _ .
pulling up the supporter from said suspension for
drying after immersing in said suspéension; _
immersing said dried supporter in a salt solution of an
"inorganic acid; and
. pulling up the supporter from said solution for
drying after immersing in said solution,
vherein said inorganic substance y is at least one of
diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass, activated clay, activated bentonite or synthetic
zeolite; and said inorganic substance « is at least one of
talc, kaolin mineral, bentonite, diatom earth, silica,
alumina, a 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, activated bentonite or
-synthetic zeolite. |

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

immersing a supporter in a suspension in which
powder of the follow%Eg__igggganic substance ¥y and the
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121' is started, the initial concentration of chenical contam nants
in the apparatus is at a maxi num vatue——+t—gradually decreases with the

passage of due to step by ste chem cal contam nants
“in the ci ﬁ?ﬁ*@%ﬂﬁ‘g air, and finally mmmmmuﬂﬂmﬁ when renobval and
generation of the chenmical contam nants « 0 equilibrigdniol.

The ratio of the amount of chem cal contam nants renoved per a single
air cycle by the high efficiency air cleaning apparatus 100, installed

onto the dhfhde1mgnﬂmungamﬂb stube t aneiel icgaspar binder ane mihed Bmoaint

renmoved o | ra 1 partly installed onto
the ceili r%a]p%psteqlo@m% Of%’}, qglor%%?ﬁ& %léirqbt ggdt hat the high efficiency
air cleani ng apmarldtimg 10p' theFl Eilpp(lmenf ftomc hsa hé  saisipengipor tfan i s

covered f?ﬁ%ﬂé¥¥éﬂ)ﬁmmé¥élqﬁ;q% s %%@Ran}a t akes a considerably

| onger tine e comn e u r|u cbmparjson with the
hi gh effiﬂl@'rﬂ:l,n gpid clre@rrsarrgl@pgabéfcagcemo is1 et bgastof opsi coft he

céi ling pofdi¥h lear%ﬁtlrﬁvl&é)veaqqm@ﬁat heaflmllsz%réllef qurﬂclaerﬂpae in
the case of, the high eff JClencg}fjr cleanln

equi | i bri v WbHEent rat WBHYhat %%ﬁPwea%% #Eh# gﬁ?ﬁhﬁabe PPEREF t han

the |evel gIraaésthaclﬂugateﬁfl@l@ncyactll\‘z’él‘dlé%oﬂélnﬁaniﬂﬁhl Qdrr sghthethg

apparat us zec?Plte, andacshaie einorga%%%u%lurl])%tance « is at least one of
talc, kaolin mineral, bentonite, diatom earth, silica,
alumina, a 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, activated bentonite or
synthetic zeolite. '

19. The method for manufacturing the air - filter
according to claim 12, 13, ‘14, 15, 16, 17 or 18, wherein
said salt ¢f the inorganic acid is sulfate.

20. A high efficiency air cleaning apparatus compriéing:
an air circulating path which circulates air in a space
wvhere clean atmosphere is required;
an air filter disposed in said air circulating path;
and ' '

a particulate filter, arranged on the upstream side
of said space in said air circulating path and on the
downstream side of said air filter, o

wherein said filter includes an inorganic material
layer in which the following adsorbent is fixed on the
surface of the supporter wusing powder of inorganic
substance as a binder; and said adsorbent is prepared by
impregnating a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina, a mixture of silica and alumina,
aluminum silicate, activated alumina, porous glass,

e
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nunber of the filters has disadvantages in terms of time and the
concentration level of contam nants Tinalty reached. In terns of

econoemy, i s conveni ent -of the filters
111 agyshomﬁﬁsé%g 10, for this praﬂmﬂglmmn ﬂ #W the burden of the
initial cost and the running cost needed ¢ othamn he appar a885101Next ,
the function and effect of the filter according to the invention
will be explained by way of exanples. To conparatively study the
performancactdvatelt etay, thetitvebod rbemtenite,s o7 |dyardok thye uiold tdi f f er ent
kinds of filters, and cleanliness thereof is evaluated by neasuring, with
t he passage of tine, the change regardi ng the contact angle between a

silicon di %ide Thenhighnmedféniansyl iadon clmfaer ngndppanaters dcepirdingdr opped
ther eon. Eocqglﬁnﬁﬁ SHﬁ%&glﬁ sal?h%lff%q&té@'ﬁmgﬁ%@%s %'e%ﬂoaggﬁqb air

to be evaluated is pfep

filtering mﬂﬁérléﬂeé@Yﬁﬁxﬁﬁ which &@%uﬁokhﬁﬁlﬂ&rﬁ@sotbe%bnﬁéréﬂéﬁ

cheni cal f bht etﬁe ofer ficd UMY tHRWIgh ppbraet V@&?ﬂgcrﬁdm 'd’ﬂ” ggeat ed
with a che effecgtive fqr renovi ng gaseous basj npurltl and the
Other i net SLAGTERE: BT EER oI D SARRROE  BPo A aPea i 1681 o

cheni cal ; &hidd st rbeapar g lmtefpabrbar g iiﬂﬁr@éﬁ@ﬂﬂi@om ad]l tisoNgad
chem cal filter includi. ﬁg i,on exch and fourth one epared by

f
T Tering dnevEraif’, Soitd ¥ FRONRS SF TR oRnergan GentrR Ea eronn i n
Fig. 6. Figonsisting af gatphleabt idhestohitidivtahovdargh,thegilica,

alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and said
inorganic substance o« is at least one of talc, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
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, activated bentonite or
synthetic zeolite.

22. The high efficiency air cleaning apparatus according
to claim 20, wherein said air filter includes a first
inorganic material layer and a second inorganic substance
layer consisting of the following substance and a
supporter, wherein either one of 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
so that the first inorganic material layer and the second
inorganic layer are stacked on the surface of the
supporter; and said first inorganic material layer is a
~layer formed from the adsorbent in which a salt of an
inorganic acid is impregnated to powder of an inorganic
substance consisting of at least one of diatom earth,
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results of the above | uation on cleanliness of. the clean room air.

‘The value of the contact angle bt ai ned by neasuring a pure water
_droplet d n the ﬁmw This contact angle nay be used
as an |ndetx @ggoﬂh. cht nmf"' fﬂm |c contam nation of the substrate
surface can be deternined®w th tase. * [f the silicon di oxi d86£i0dm and a
glass plate are nade free from FTNK98004 68/ 101 any organi ¢ contam nant

i mredi ately after rinsing them their surfaces have affinity for water.
In other omléies, t abymbeaond myatuphi pifcsilics eadi aduaisenl kluBanust angl e.

Contrary £91ibjge, | Ecﬁ:i‘%feé“éiﬁﬁfﬁa,ar3098ﬁ§| %Q%ém ARkeYavklhcl1gygani

subst ances, _they cone g t her words, they becone
hydrophob?@tlYﬁEQdnhRPh@nbt?araé gBRt e¢1anapellvmenualgga§§WSPatef|s | ef t

in the clgan ipergahic ar@hwsmeacta@ngdemeﬁdmen iand s¢hfidcesabgnd very
much purltled wat er dr,opl et dr&gged thereon,with the gasga e of tinme is
neasur ed, *PPT E30ER 0 PRTEAN e tBTEY SIS B cdATSTn FORYLS T1T8 adfondls shown

in Fi g. le2abetwmen dhedtotémceaan) e siddsay e(hlhmltnhae vt mf}xﬁuwl etf( met hod
and the d surf gﬁ& n X-ray
photoelec??gﬁga Sggtrgsiggzz 2@@&% 81%@?%@? ggBIY%t?ﬁ %%P §8h di oxi de
filmfornpdrousa gkass.coh red gaghleadun 51llcate clay mineral
having a crystal structure of the ribbon type, activated
clay, activated bentonite or synthetic zeolite.

23. The high efficiency air cleaning apparatus according -
to claim 20, wherein said air filter is formed in such
that pellets of the following pelletized adsorbent are
fixed on the surface of the supportér using powder of the
following inorganic substance @ as a binder or a filler:
said inorganic substance o is at least one of talc, kaolin
mineral, Dbentonite, diatom earth, silica, alumina, a
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, activdted bentonite or
synthetic zeolite; and said adsorbent is prepared. by
impregnating a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina, a mixture of silica and alumina,
aluminum silicate, activated alumina, - porous glass,
activated clay, activated bentonite, or synthetic zeolite.

24. The high efficiency air cleaning apparatus according
to claim 20, wherein said filter is formed in such that
the second pellet is formed by coating with the following
inorganic substance f8around the following first pellet, and
said second pellet is fized on the surface of the
supporter; wherein . said first pellet is' made by
pelletizing the adsorbent prepared by impregnating a salt
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mytual’ rel ation exists between the contact angle and the surface
contam nation by organic inpurities. There exists a very strong nutual

rel ation t he wat er “the substrate surface
and thegﬁwg‘éce contamn E’MHMH"BIMJUM| c substance. The follow ng .
can be understood fromthe neasurenent "re$ults as shown in B7giol 11. :
The ion exchange fiber, primarily used for  adsorbing and renoving

wat er - sol ubl e i norganic |npur|t|es can not adsorb any organi c substance in

the air tefberc! peeeganic | aciienodgwdesr gefeans imoggand csuhdistanes.

Co tl wh 1 ' il fer. th

Conseauentlots thgn b7 of CTFa 471 SR 187 SLEEIF' FAAT ATUET,,
exchange filberingj|ter, mitieimontalt ahyieai sandcr edsednay abdumibGmerr].
Two ki nds <qfy ;364 vata%%%acr Q0L ufii” PO SLIDT UYL N0

the contam natidn ani ¢ |npu t hey
al so faﬁwtlvﬁded &@@60@1teorQim&¥m§@§§ﬂ&ndé@ é&ﬁbamﬁé@g'mqmﬁ@rbﬁject air.

Ch the copyr af Yor SAREE %\ﬁ%%ttalﬁ%eacéé vat egirbar§oaind i E&?ﬂ | £ a,ﬁqsorbs
gaseous organi c substances, hf cont act angle Jis found NK98004

69/ 101 i néMPE$816¢ aBout 190 riedkbn M PEsidiftamk F%ngft $i1 %% cl ean
roomair filkménhad t her ebyx{rfe a @Ry. silOdat handt heyl yidmd, nalaingniun cant
change is S46Nn regarding t he contact .

silicate:; activate a umlna, porous glass,  Thydrated

magnesium silicate clay mineral having a crystal structure

of the ribbon type, activated clay, activated bentonite or

synthetic zeolite.

25. The high efficiency air cleaning apparatus according
. to claim 20, wherein said filter is formed by filling in a
case either one of pellets made of the following adsorbent
pelletized usihg powder of the following inorganic
substance a« as a binder or a filler, or the second pellets
formed by coating with powder of the following inorganic
substance B around the first pellets being made by
pelletizing the following adsorbent with powder of the
inorganic substance used as a Dbinder; said inorganic
substance o is at least one of talc, kaolin mineral,
bentonite, diatom earth, silica, alumina, a 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, activated bentonite or synthetic zeolite; said
adsorbent is prepared by impregnating a salt of an
inorganic acid to powder of an inorganic substance
consisting of at least one of diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated élay,
activated bentonite, or synthetic zeolite; and said
inorganic substance -8 is at least one of diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
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angle-after keeping the test piece all day-long in the clean roomair

filtered by the filter of the L wn in Fig.. 6. This neans
_ t hat- th @gsm organi c ;“jﬂ %ﬂ Wﬂai» Ed in the object air is
adsor bed an ved by the S ntion, and also that the

filter itself desorbs no gaseous organi c substance. In the c38601of the
activated charcoal filter, gaseous organi c inpurities are

desorbed from its constituent nmaterials of the filter such as a filter
medi a, anSiablheatee fagrt itviatiedy agluminad cherousl glrsthe fhydeataddi a
sheet , gﬂ sﬂ?iﬁét@'clE?rmlﬁbfhﬂghaQQ g E'bgﬁgtﬁﬁdk%rhetHQQ frame.
On the ot er an e case Ion exc ange ter, gaseous
organi c i obuthei cibhpe §386rbagtirvasad véavouéctaaateﬂvbgntpnéwadéa in
the highsynphegutazeblbps. formng the filter. These gaseous organic
inmpurities are easily mxed up with the air once cl eaned by passing through
the chemcal filter. Furthernmore, in the case of the-.ion exchange fi ber
filter, 26. sonEhénhsghaaﬁemaiéhav alﬁabﬂe@hlhbeab@arexuba@@@obaaﬁgis

desorbed [n the. fgrm ,0f ul aci oxylic, acid,..and
phosphoritoaﬁiﬁ?mTﬁQt fzrian?t hég 2?‘. 2?’1’ gﬁ‘@ﬁeéﬁl spif; als §|1|13\%r
desorptioand & pgasdeuwdateor fahter amurllntsnad,led aon tshech ciedpungt i es are
m xed up e, Al c the filter even if such prior art
filters s %gé{)igl %?r%?rg@/a?pgé ?‘?}Ed%@s(l ‘c inmpurities of ppb order while the
cl ean room air passes through them Therefore, as to the expected val ue
of gaseous inpurity control by the US SEMATECH
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listed in Table 1, the chemcal filter for renoving these conventiona
gaseous basic inpurities is able to satisfy the concentration st andard
for - the qmg us basic inpurities but it sonetimes fails to
satisfy t oncentration standard for the gaseous organic inpurities.

: FTNK98004 70/ 101 Furthernore, there _is possibility that th@/1ptior
art chemcal filter m ght even i ncrease the concentration of gaseous
organic inmpurities in the clean roomair. Performance of two kinds of
filters acdkhstifat t o the invention, one i ncl udi ng a honeyconb
structure (a) (referred to as "filter (a)" herelnafter) and t he ot her

i ncl udi ng ‘a homﬁ{conb structure (b) (referred to as "filter (b)"

herei nafter) Ih dindsdnd ddeweinbddnl aredaties eWaIuanedaby hvltbgrt hem
filter the s aa éﬁ’o'ifhakgaﬁ%t awewgaﬂ\'*ﬂ% exDdn wiffth CECAEE Mdbing

cycl opent a | .oxane, (Dl err| 1 frer conce tration
in the rarﬁf%sm%hen*sei/%r leeﬁur?d’r e‘i:he pptrt @@e §§véﬁr}k§| Stmmorter using The

protecti onp@iddei 86CumupidedaN® sfibseshcéi bikera | igyatUat ey hasegd on the
nmeasur eneng, of thei ncentrati on on ,both upstream and do;gstrean15|des of

the honeycthd 99?855’8? Wit hPERB2REMp boF AMPF 8N hiRfmdogFaph EC)2D The
protectioninorfdnid enayid ageai npowdetrhe of orgrani tnorgamif@cesgpgtant@ant s of

each Filtelodsi & S 0V Yaed 123389 306! "% diatonm earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite. The air filter
according to the present invention can adsorb and remove
both of gaseous basic impurities and géseous organic
impurities, thus making a vety effective filter for
manufacturing semiconductor and LCD.



measurenent of the quantity of DOP and D err] deposited on the surface of a
silicon wafer, which is placed one each on both upstream and downstream

si des of the honeyconb structure. Furthernore, the concentration of

ai rborne particulates (the nunber of particulates with a dianeter of 0.1

m cronmeters or nore contained in the air of 1ft[err]) is neasured on the
downstream si de of the honeyconb structure, wherein the nunber of airborne
particulates is 10/ft[err] on the upstream side of the honeyconb

structure. Table 7 indicates the results obtained by the above-nentioned
measur enent s. FTNK98004 71/101 Table 7. Contam nant

Filter (a) Filter Protection NH3 93% 97%

Ef ficiency DOP [err]99% - 75% D[ err]

92% 45% Conc. of Airborne. Particulate on Downstream Si de:

10/ ft[err] 100/ ft[err] Particulate([err]0.1 mcroneters) For

eval uation of the surface contam nation, a p- type silicon wafer with a
di aneter of 4-infR](F.ufjed as a test piece for nmeasuring the quantity of
organi ¢ surface contam nants deposited thereon. The test piece is rinsed,

5.
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dried, and then exposed to the object air on both upstream and downstream
sides of the filter. Measurenent and anal ysis of organic

contam nants deposited on the test piece are carried out by neans of an

el evat ed tenperature gas desorption device and GC-Ms (a gas chromat ogr aph
mass spectroneter) in conbination. The protection efficiency against

the surface contam nants of the filter 1is determ ned by neans of the
gas chromat ograph as follows. The protection efficiency = (1 - (B/A)) x 100
(%9 where A: Area of the organic contam nant peak detected on the test

pi ece surface placed on the upstreamside of the filter, and B: Area of the
organi ¢ contam nant peak detected on the test piece surface placed on the
doimstream side of the filter. Each of the two kinds of filters (a) and (b)
in this enbodinent has a structure having thin flat sheets 11
stacked by adjacent .corrugated sheets 10 as shown in Fig. 1 and Fig. 6.

The air passes through the filter having a thickness of 10cm The air
passes through the filter at a face velocity of 0.6nlsec, and the tota
effective sheet area per unit filter volune capable of acting on the air

FTNK98004 71 . 2
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t hat passes through the filter (i. e. effective filtration area) is
3000nferr]/nferr]. The filter (a) of theé invention has the first and second
inorganic material layers on the surface of its porous honeyconb

structure. The first inorganic material layer is formed by i mrersing the
por ous honeyconb structure in a suspension and then drying it, the
suspensi on cont ai ni ng powder of an adsor bent consi sting of

silica gel inpregnated with alum numsulfate at 42 w% in relation to the
total weight of the adsorbent and having an average particle dianmeter of 4
[err]mand powder of kaolinite (size: 3 mcroneters) as an inorganic

bi nder, and silica sol as an inorganic adhesion assisting agent. The second
inorganic material layer is forned by i mersing the above porous honeyconb
structure already having the first inorganic material |ayer in another
suspensi on and then drying it again, the suspension containing powder of

activated clay (size: 3 mcroneters, effective pore dianeter: 20
to 1000 angstrons), and silica sol as an inorgani c adhesion assisting
agent . The first inorganic material layer is forned to have a thickness

of 100 nicFizgﬁew , 1n which the weight ratio of its conponents is the
adsor bent : iMte : inorganic adhesion assisting agent = 65%: 31%: 4%
The second adsorption layer is fornmed to have a thickness of 10

m croneters, in which the weight ratio  of its conmponents = is
acid-treated nontnorillonite : silica = 85%: 15% The wei ght per unit of
an entire filter is 235g/lit., .and the weight per unit
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of “two inorganic material Jlayers is 94g/lit., thus the weight

percentage of the two inorganic material [|ayers corresponds to 40% of
the entire filter weight. The filter (b) of the present: invention
is manufactured as follows. The filter (b) also has an inorganic
material |layer on the surface of its porous honeyconb structure. Thi s
inorganic material layer is forned by i mrer si ng the honeyconb

structure in a FTNK98004 73/ 101 suspension and then drying it, the
suspensi on cont ai ni ng powder of silica gel inpregnated with the
above-nentioned al um-num sul fate, powder of kaolinite (size:

m croneters) as an inorganic binder, and silica sol as an inorganic
adhesi on assisting agent. Kaolinite used in the filter (b) has no other
maj or effective pore than air perneable pores having a dianeter of 1000
angstrons or nore, and it scarcely exgibits the physical adsorption
function. On the other hand, activatedoclay as used in the filter (a)
has pores, of which the major effective.gore dianmeter distributes in the
range of 20 to 1000 angstrons, soE that™ they nmay exhi bi t t he
physi cal adsorption function that® is -Eever inferior to that of
activated charcoal. The differenceégetweeg)fiIters (a) and (b) is that

. /2] .
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the filter (b) is provided with nothing equivalent to the second inorganic
material |ayer (activated clay layer) of the filter (a). As wll Dbe
apparent from Table 7, regarding renoval of gaseous basic inpurity

NH err], only the first inorganic material |ayer containing powder of
silica gel inpregnated with alum num sulfate effectively works thereon, so
that presence of the second inorganic naterial |ayer hardly influences the
protecti.on efficiency agai nst gaseous NH3. However, when it cones to
protection of the substrate surface from DOP and decanethyl

cyclopenta siloxane (Derr]), which represent the majority of

organi ¢ contam nants detected on the test piece surface,- the protection

ef ficiency i t&garégbly changed dependi ng on whether there is the
second inorga . terial |ayer having the excellent physical adsorption
function. In short, the filter (a) can renove not only gaseous basic

I mpurities but also the gaseous organic inpurities at the sane tine. As
apparent fromthe measurenent result1Qﬁ t he ai rbor ne parti cul at es
concentration on the downstream s+de shown in Table 7, the filter (a) is
formed by coating the first inorgani\c material |ayer containing .
FTNK98004 74/ 101 the adsorbent inpregnated with alum numsulfate with the
second inorganic material |ayer i ed clay layer),

A-A Section
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t her eby restraining t he exfoliation from the first inorganic

Jmat eri al | ayer, o) t hat t he ai rborne particul ates concentration
on the downstream si de becones 10/ft[err] which is the sanme val ue as that
of the upstream side. However, as to the filter (b), since the first
inorganic material |ayer is kept uncovered in the air, the airborne
particul ate concentrati on becones 100/ft[err] which is 10 times as nuch as
the concentration on the upstream side, due to the exfoliation fromthe
first inorganic material layer. Table 8 conparatively shows the
performance of various filters, which are nmanufactured according to the

i nvention. Table 8 Gaseous A B C D E

F Inmpurity NH3. 95% 95% 92% 90% 95% 95% DOP
80% “Jerr] 99% 98% [err]99% 98% [err]99% D err]

50% 90% 879 91% 85% 90% In the above Table 8, a
mark "A" reprngﬁss filter including a honeyconb structure on the surface

of which is provided with an inorganic material layer. This inorganic
material layer is formed by fixing a m xture consi sting of the adsorbent
made of powder of silica gel inpregnated with alum numsulfate, kaolinite
as a binder, and silica sol as an inorganic adhesion assisting agent
to the honeyconmb structure3%urface. The inorganic material layer is
formed to have a thickness Qf 100 microneters, in which the weight ratio of
its conponents is the adsorhent:

15b

15¢

15d



kaolinite : inorganic adhesion assisting agent = 70%27%: 3% A nmark
"B stands for a filter of which the honeyconb structure is
provided on its surface with an FTNK98004 75/ 101 inorganic nateri al

| ayer. The inorganic material layer is formed by fixing a m xture

consi sting of the adsorbent made of powder of silica gel inpregnated with
alum num sul fate, and silica sol which is an inorganic adhesion
assisting agent as a binder to the honeyconb structure surface. The
silica sol which is an inorgani c adhesion assisting agent is a suspension

I ncl udi ng nono-di spersed primary particles wwth a size of a nanoneter to
several tens nanoneters. It is once fixed to the supporter
surface and then dried, and it is transformed into a three dinensional
aggregate as an ensenble of primary particles,. so that silica sol is
transfornmed into silica gel capable of adsorbing gaseous organic .
I mpurities. The inorganic material layer is fornmed to have a thickness
of 100 microneters, in which the weight ratio of its conmponents is the
adsor bent: inorgani c adhesion assisting agent = 70%: 30% A mark "C'
representsFaF(%I_tar i n which the second inorganic material |ayer consisting
of silica ge or med




by fixing and drying silica sol on the filter surface of the filter A of
the present invention. The second inorganic material layer is 10

m cronmeters in thickness, of which conponent is 100% i norgani c adhesi on
assisting agent or silica gel. A mark "D' represents a filter in which the
second inorganic material |ayer consisting of silica gel formed by fixing
and drying the silica sol is forned on the filter surface of the filter B
of the present invention. The second inorganic material layer is 10

m croneters in thickness, of which conponent is 100%silica gel. A mark "E"
stands for a filter in which an inorganic nmaterial |ayer consisting of
silica gel fornmed by fixing and drying the silica sol is first fornmed on

the surface of the honeyconb structure. Further, on the surface
thereof, another inorganic nmaterial Jlayer is formed by m xing powder
of the adsorbent, kaolinite as a binder and FTNK98004 76/ 101 silica sol

or an inorganic adhesion assisting agent. In short, the order of formng
t he inorganﬁ:l@lte& al layers of this filter Eis just opposite of the
order for formng layers in the filter C A mark "F' stands for a filter in
whi ch an inorganic material |ayer, consisting of silica gel formed by

fixing
i Adsorbent
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and drying the silica sol, is first formed on the surface of the

honeyconb structure. Further, on the surface thereof, another
inorganic material layer is fornmed by mixing powder of the
adsorbent, and silica sol or an inorganic adhesion assisting agent as
a binder. In short, the order of form ng the inorganic material |ayers of

this filter Fis just opposite of the order for filter D. Figs. 13 through
18 are enlarged structural views in section of inorganic naterial |ayers

which are forned with respect to the above-nentionedﬁb¢$¢pms_$jthrough F

Anmong these figures, Fig. 15 specifically includes a perspectiye view of a
nodel of the first and second inorganic material |ayers, fQ )
under standi ng of the structure thereof. These figures congeptua
illustrates various pores in the inside of the cylinder, thg

Oer

formed by cutting out the inorganic material |ayer shﬁ}n in and
Fig. 8 in a cylinder-shape, having its height equet, tT $ of the
inorganic material layer. In the draw ngs, m cropore pch abl e

of physically adsor bi ng gaseous organic inmpupitieé m fliveat ed
as narrow openi ngs whil e macropores which hardly pe iy
adsorption of such gaseous inpurities are indicated §

openings. In the case of the filter A of the present shown
in Fig. 13, its inorganic material layer 51 i | ngpaegey j of the
adsorbent consisting of silica gel inpregnated with gt unmhy dte_has no
other effective pore than air perneable por gs havi ng e (af)-1000.¢N -
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angstrons or nore, and it hardly exhibits the physical adsorption function
for gaseous organic inpurities. FTNK98004 77/101 In the case of the
filter B of the invention, as shown in Fig. 14, its inorganic
material layer 52 including powder of the adsorbent exhibits the physical
adsorption function for gaseous organic inpurities because the silica gel
consisting the inorganic material |ayer 52 has pores having a size of 5

t hrough 300 angstrons in the inside. In the case of the filter C of the
present invention as shown in Fig. 15, its first inorganic material |ayer
53 including powder of the adsorbent has no other major effective pore than

the air pernmeabl e pore having a size of 1000 angstrons or nore, so that it
hardly exhibits the physical adsorption function for - gaseous
organic inpurities. However, its second inorganig material |ayer 54
consisting of only silica gel has on its surface p [ pore dlaneter
range of about 5 to 300 angstrons, thereby exhibiting the phyki.cal
adsorption function for gaseous organic inpurities. In th¢ case &f) the
filter D, as showmn in Fig. 16, its first inorganic materi g g 55,
i ncl udi ng: pomder of the adsorbent, contains silkﬁa (o] 2am the
second ~N S
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inorganic material layer 56, having no above-described adsorbent
powder, consists of silica gel only. Thus both of them exhibit the function
of physically adsorbing gaseous organic inpurities. In the case of the
filter E, as shown in Fig. 17, its first inorganic material |ayer 57,
havi ng no adsorbent powder, consists of silica gel only, thus having
t he physi cal adsor ption function for gaseous organic inpurities.
However, its second inorganic material |ayer 58 including the adsorbent
has no other effective pore than the air perneable pore having a size of
1000 angstrons or nore. Consequently, it hardly exhibits the physical

adsor ption function for gaseous organic inmpurities. In the case of
the filter F, as shown in Fig. 18, FTNK98004 78/ 101 its first inorganic
material |ayers 59 w thout powder of the adsorbent, consists of silica
gel only while the second inorganic material l|ayers 60, including powder
of the adsorbent, has pores having a size of 5 through 300 angstrons,

thus both of them exhibit the physical "adsorption function for
gaseous organic inpurities. The protection efficiency is examned in the
same manner as before wth respect to each of the above-
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mentioned filters. Al'l of the above-nentioned filters are excellent in
adsorption of gaseous basic inpurities such as NH err]. However, wth
regard to the performance of adsorbing gaseous organic inpurities
such as DOP and decanethyl cyclopenta siloxane (D5), the filter of
the filter A according to the present invention is specially inferior to
the others, and filters B through F are excellent in adsorbing such
inmpurities. The reason that the filter Ais inferior to the others lies
in the inorganic material |ayer 51 which has no other major effective pore
than the air perneable pore having a size of 1000 angstrons or nore, thus
hardly having the physical adsorption function for gaseous organic
impurities. Each of the other filters i.s provided with the inorganic
material |ayer which includes the pore in the pore dianmeter range of
about 5 to 300 angstroms, which is suitable for adsorbippg gaseous
organic inpuritigsS, thus being able to adsorb such i npuritigs™ Needl ess
to say, the object| to be cleaned by the filter of the inventidn is not
limted to air. The filter of the invention is applicable to ¢l eaning ot her

i nert gases such nitrogen gas and argon gas, and capabl e of} creating
i nert gases suitab or the manufacturing sem conductor devicdes and LCD s.
Next, the functipn d effect of the clean roomaccordipg to the

invention wll be explaingd by way of an enbodi ment according |t &t he
invention. There i prepar the high efficiency air cleaning

Contact Angle [° ]
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FTNK98004 79/ 101 apparatus 100 relating to the enbodi nent of the invention
as shown in Fig. 9, which is providedwith the filter 111 (i. e. the

filter as shown in Fig. 6) according to the invention. The
filter 111 . includes the honeyconb structure, which is provided with
the-inorganic material layer that is forned by fixing powder of
silica gel inpregnated with alum num sul fate. Therefore, the filter 111

may renove gaseous basic inpurities and gaseous organic inpurities as well.
The filter 111 is arranged to treat the object air circulating at a rate of
5000nferr]/mn. A gas analyzer for neasuring the concentration of NH err]
gas is installed in a space 102 of an object air to be cleaned in the
clean room 100, and the concentration of NHerr] contained in the
space 102 is repeatedly neasured every one nonth. Furthernore, the
contact angle is neasured using a test piece, which is a silicon wafer
substrate covered with a silicon dioxide filmfree fromany organic
cont am nant deposited thereon. The neasurenent is carried out by |eaving
the test piece in the space 102 of the clean room 100 and exposing it for a
predeterm ned period of tine. More specifically, the contact angle is
first measured immediately after rinsing the test piece, and then
nmeasured after exposing it3t0_ t he space 102 for 12 '
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houfs, thereby determ ning increase in the contact angle caused by the

12- hour exposure. This 12-hour exposure and neasurenent cycle i-. e. rinsing
[err] measurenent of contact angle [err] 12-hour exposure [err] measurement
of contact angle, is repeated every one nonth. The contact angle is 3 at

t he measurement immedi ately after rinsing the test piece. The quantity of
powder of silica gel inpregnated with alum num sulfate as the adsorbent is
500Kg for dealing with the object air circulating at a rate of
5000nferr]/mn, in other words, 0. 1Kg at a rate of 1nferr]/m n. Next,

anot her measur enment IS carried out by substituting, for the
filter 111, the three Kkinds of conventional chem cal filters, nanely,
a filter forned by . FTNK98004 80/ 101 fixing fibrous activated charcoal to
| ow nel ting point polyester or polyester non-woven -fabric binder in a felt
form a filter formed by fixing activated charcoal particles to the
supporter nmade of the air perneabl e urethane foam usi.ng a proper adhesive,
and a filter fornmed by fixing ion-exchange fiber tolaow nelting point

pol yester or polyester non-woven fabric binder in a felt form The
measurenent 'is carried out in the same manner as nentioned above. That

is, the concentration of NH3 gases contained in the clean roomair is
repeat edly neasured every- one '

FIG. 14 .
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nonth. The contact angle is measured using a test piece, a silicon wafer
Substrate covered with the silicon dioxide filmfree fromany organic
cont am nant deposited thereon. The neasurenment is first carried out

i mredi ately after rinsing the test piece and then after exposing it for 12
hours, thereby determining increase in the contact angle caused by the

12- hour exposure. This 12-hour exposure and neasurenent cycle i.e.
rinsing - measurenment of contact angle - 12-hour exposure - mneasurenent of
contact angle, is repeated every one nonth. The quantity of each
adsorbent i. e. fibrous activated charcoal, activated charcoa
particles, and ion exchange fiber, is nade equal to that in the

previ ousl y-descri bed enbodi nent according to the present invention i.e.
0.1Kg at an air flowrate of 1nferr]/mn. Furthernore, the concentration
of NH3 gas qn{c;he-pgytact angle are neasured with regard to the clean room
provided with néi'ther the filter 111 nor the conventional chemcal filter
descri bed above. The concentration of NH3 gas is in the range of 5 to 10ppb
in the clean roomwhich is provided with neither the filter 111 nor the
conventional chem cal filter. On the other hand, the concentration of

NH err] gas is maintained in the range of 0.5 to 1. Qppb in the clean room
provided with either the filter 111 or the conventional chemcal filter
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FTNK98004 81/ 101 for about a year. The concentration of NH err] gas
exceeded 1.0ppb after one year, due to the deterioration of t he
adsorption function of the filter. To conparatively study the change with

t he passage of tine with regard to the contact angle, the test piece is
exposed to the air circulating through three kinds of clean roons as

descri bed above, nanely the first one being provided with the air filter
111 according to the present invention, the second one being provided with
the prior art chemcal filter, and the third one being provided with
neither the filter 111 nor the prior art chemcal filter. The test is
carried out according to the above-nenti oned 12- hour exposure and
measurenent cycle. After 12-hour exposure of the test piece to the air
circulating thrbegh 1@ cl ean room provided with the filter 111 of the
invention, the contact angle is changed to 4[err] fromthe initial contact
angle 3[err], the value obtained i mediately after rinsing the test

pi ece. The contact angle is increased by 1 in terns of the net value. It
is to be noted that the neasurenent value of the contact angle
measured every one nonth for one year after initiating the operation of the
filter 111 is nmaintained at about 4[err] with no significant changes.

After the passage of one year, the contact angle begins to increase due to
the decrease in the adsorption function of the filter.
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On"the other hand, after 12-hour exposure of the test piece to the air
circulating through the clean roomprovided wth the conventional
"chemical filter, the contact angle is increased by 10 fromthe initial
contact angl e. This result shows that the conventional chemical filters
for renoving inorgani c gaseous inpurities not only |lacks the capacity to
renove organi c gaseous inpurities, but al so desorbs organi c gaseous
inmpurities to the air already filtered, for these filters are conposed of
such nmenbers as filter nmedia (such as non-woven fabric and binder),
adhesive for fixing activated charcoal to the FTNK98004 82/ 101
sheet (such as neoprene resin, urethane resin, epoxy resin, silicone
resin), andiéigéingo terials for securing the filter nedia to the
flame (such ‘N gﬁene rubber, silicone rubber), all of which desorb
organi c gaseous inpurities to the air, causing the increase of the angle

by 10[err]. It is to be noted that the neasurenent val ue of the contact
angl e neasured every one nonth for one year after starting of the prior art
chem cal filter has been about 10[err] with no significant change. Af ter

one year, the contact angle began to increase due to the deterioration of

the adsorption function of the filter. The air filter 111 of the invention,
therefore, can
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remove not only gaseous basic inpurities but gaseous organic inpurities

as well. Furthernmore, as briefly nentioned in connection with the
nmet hod for manufacturing the filter 111, it includes no organic naterial
desor bi ng gaseous organic inpurities. This is the reason that the contact

angle is increased only by 1[err] in ternms of the net value on the surface
of the wafer left for 12 hours. After 12-hour exposure of the test piece to
the air circulating through the clean roomprovided with neither the filter
111 nor the conventional chemcal filter, the contact angle is changed to
7[err] fromthe initial contact angle 3[err], the contact angle being
increased by 4[err] in ternms of the net value. The increase in the contact
angl e nmeans that the organic gaseous inpurities are not renoved.
Summarizing tREGabdv8 the filter 111 of the invention and the
conventional chemcal filter have no significant difference as far as the
renmoval function of NH3 gas 1is concerned. However, the filter 111
of the invention is superior to the conventional chemcal filter in such
that the filter 111 can renove gaseous basic inpurities and gaseous organic
inpurities at a tine, and never acts as the new source of organic

inpurities. On the other hand, the conventional chemcal filter
may renove gaseous basic inpurities, but can. not renove
FTNK98004 : . .
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'83/101 gaseous organic inpurities.  To nake the matter morsézoqqosw§as
.-as -the.new contaminant source by itself. Still other adﬂaﬁﬂage of
the aif cleéning filter of the present invention . is that it is :
nonfl ammabl €  whereas the conventional chenical filter is flannable To
. conparatively st udy the per f or mance, [ rlter, the
clean roomas shown in Fig. 9 is additio RaRt2 o Rt nds of
particulate filters, one excluding any naterlal desorblng gaseous’
organi c i ngyrijd es and the other including at |east one material desorbing
' gaseous organic inpurities. Bot h of partlculate filt on
the downstream side of the filter 111. C eanliness T["llmlﬂuzlnmlmumld
air circulating through the cl ean room is evaluated By heasursng t
change with the passage of ti mefwt he contact angl e. The
test is carried out according t ENEtSHERYS 123 lexposure and
“measurenent cycle. After 12-hou 'Eﬂ@ﬁ?&ﬁgﬁﬁ@ﬁtqgtag&fce which is a

silicon wafer substrate cover, i@ﬁﬂsﬁlqugaﬂhgxé g Wedi ately after

washi ng, with no organic contanf ﬁﬁ@wﬂuunh@qﬁd;d; |hg t hrough -t he
cl ean room provided wth the part lace fi:phgtd £X é an mat eri al

desor bi ng gaseous organic inpurfities, the confact” G

t he contact an i hcreased by

only 1ferr], in other words, t GDMWGRE@SI egéﬂgzzgg. ng e is quite
i} i et

small. The reason for this snall Fcrease ngle is as
foll ows. As described before, the filter of :
x. An air filter-cbmprising_an inorganic material layer

‘that is formed by fixing the following. adsorbent to the
surface of 'a 'subpdrter, using powder of the following
'inérganic'Substance @ as a binder or a'fillér; wherein
said adsorbent is prepared by impregnating a salt of an
inorganic acid to powder of an inorganic substance
consisting of at 1least one of diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
-silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and the
inorganic substance e is at least one of tale, kaolin
mineral, bentonite, diatom earth, silica, "alumina, a
mixture of silica and alumina, aluminum silicate,
activated alumina, porous glass, hydrated magnesium
silicate clay mineral having a ecrystal structure of the
ribbon type, activated clay,. activated bentonite or

synthetic zeolite. ' ' |

‘2 An air filter comprisiné a first ihorganic material
layer and a second inorganic substance layer consisting of
the following substances and a supporter, either one of
the first inorganic material layer or the second inorganic
material layer being directly fixed to the surface of the
‘supporter and the remaining inorganic material layer being

This Sheet Has Been Rep This is the replacement sheet
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' the invention removes gaseous organic inpurities c ate .
surface contanination and also it never acts.as thﬁlﬁ“ HH]MMW% by
itsel f. In addition, the particulate filter  arranged stream

side of the filfer 111, would not desorb any of .gaseous organic inpurities.

On one. hand, after 12-hour exposure of tlge t est gheqe!ggig 2@55’

~circulating through the clean room provi te
-~ filter including the material desorbing gaseous organic inpurities, the
cont act NK98004, 84/ 101 |ncre ed b s consjdered that
the 1[err]® fiﬁ Fﬁ ﬁ]& afiff‘ec@ %f’err?’ i s 35 85§ b§fga§}é%us%b’F Bmtl ed
i npuritiesihorganhe fadteridhillaydeo rsoovishabutthdie fianst niingoarid is
caused by It g articul.a
iitor. bR EFFLE CLECE TahHE the' S id SHRRLRARLL " BELhECRE AP
connect i ononvl tthe urfiaqeoomf | thehi suppidrtteém prwheredas fsm&rarﬁlfmctt UFi ng
. sem _condu a ehd

IR E R 14D Taf el 18 £71506F Phimed s@@x dsorblnt | o

ifwvention 1S n onl suc cl ea
as 'a matt e¥higth courmade abpl n@nsasna@mseaausalcn etafua@ appaganms feid use

in a |ocy! powderfiged an5p§§@rga§9ccaédlﬁdﬁand§ i -coRYi§eDREN o fQ ? ,
-instance cl ean benc a clean c z;}]nbe a storit%e nmeans stocker or
" processi ngleéirﬁ}:/ ANe: ¢ Iﬂéatom eart silica, mina, a mlxture of

silica and alumina, aluminum silicate, activated alumina,
porous glass, activated clay, activated bentonite, or
synthetic zeolite, and powder of an inorganiec su'bstance'
used ‘as a binder; and said second inorganic substance
layer is a layer consisting of at least one of diatom
earth, silica,. alumina, a mixture of silica and alumina,
aluminum silicate, activated" aluminha, porous glass,
hydrated magnesium silicate clay mineral having a crystal
structure of the ribbon type; activated clay, activated
bentonite or synthetic zeolite.

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
the following adsorbent using powder of the following
inorganic sub-s-_tanée ¢ as a binder or a filler, wherein
said inorganic substance « is at least one of talec, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
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, activated bentonite or
synthetic zeolite; and said adsorbent is prepared by
impregnating a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina,'a mixture of siliea and alumina,
aluminum silicate, - activated alumina, porous glass,
activated clay, activated bentonite, or synthetic zeolite.
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cl ean products, etc. Furthernore, the | dified in
conpliance with various operational and enwm wm‘ﬂ [@ E mi ons such as
an ai,r volume to . be cleaned, a ratio of ecinea of the :
outdoor air to'the air volune circulating through the clean room

generation of gaseous inpurities inside the cl eanslr oogi @ndlsogdg%rth For
i nst ance, it is now expected - tRgplace DRAM s

of 256- megabyte and/or 1-gi gabyte woul d start in 1999, using a gigantic
silicon wafer with a dianeter of 300nm In the case of the apparatus used

for manufacturing such a sophisticated sem conductor devige, aftei
i nt roduci . and Artaingfihteni ¢conphisingraj SURPERERTcal faxsti & ldginber of

t he appar A3 al Q%chﬂﬂrkegiétsu%e&%ﬂ Y 9d Pseédnedpallepges emm@agon is
of t en supplred to m caf action ﬁSF r froman meﬁi source
e e

so as toareund the f&é omiageftst Pg Tni%9ating Bt Wﬁ\eﬁed
various C@P”‘tﬁ@' fo'l%‘ivtlh%nsmﬁﬂé'arilhﬁlsﬁbkt@@dﬂeWer andissdid tseeond -

Po55! bi |1 ipebletodfantTHAd nght S SHEEESS: The il PEEFLIR | §aTHGer o

control supptyt opebliet Dsrpfrepdrnederhy peHTNé%ﬁIm 815/ adsoghent medever, a

val ve IS 7}0‘1’1'1131@9;;:15’?1""89” saliei leheg}lC%mrganlc acid to powder of

| an inorganic substance consisting of at least one of
diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
. glass, activated clay, activated bentonite, or synthetic
zeolite using powder of- an inorganic substance as a
binder; and said inorganic substance B .is at least one of
diatom earth, silica, alumina, a mixture of silica and .
alumina, aluminum silicate, actl-vate_d- alumina, porous
glass, hydrated magnesium silicate clay mineral having a
crystal structure of the ribbon type, activated clay,
activated bentonite or synthetic zeolite.

5. An air filter, comprising a casing filled up with a
ﬁlurality of pellets, wherein either a pellet which is
formed by pelletizing the following. adsorbent using powder
of the following inorganic substance « as a binder or a
filler, or a second pellet formed by coating with powder
of the following inorganic substance B around a first
pellet which is formed by 'pelletizing the - following
adsorbent using powder of an inorganic substance as a-
binder, is filled up in the casing; wherein said inorganic
substance « is at least ome of tale, kaolin mineral,
bentonite, diatom earth, silica, alumina, a 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
blay, activated bentonite or synthetic zeolite; said
adsorbent is prepared by impregnating salt of an inorganic
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reactlon chanber and the inert gas supplying source. Therefore, it is

pOSSIb|e LhaL_Lhe_¥aL¥e—n+gh%-mork as a source of various chem cal

| iympurities. the filter of the-invention is provided onto -
the gas flo Bm !E M N valve and the chemi cal reaction chamber, it
woul d renove cont am nants mhlch 0 , ed_by t he

val ve, thereby contributing to the preveh am nation
and to inprovenent of product quallty as well. The present |nvent|on has

the foll ow ng effects In he case o rotecting the substrate sPrf ce :
handl ed i rR% ¢ | EanPOVEY rﬁﬂlhﬁﬁﬂﬁﬁﬁiﬁnq ' éh?ﬁa°%ﬁ§ls{+?5e? ? t he

present Ty | Ome has die&p&mdaﬁnh,t91hﬂea;baénd1mannue mbtture gafeous

basi t . . t th

ot nospher o 2ds BT imin gy S pull UL GASEY A0LETR 00" B10RRAN T OE |
clean air peros i glasistabhetivatednutdayuri sgtizatedndbensosisad LGIB and
- Whi ch 'Ssiyfon[]t%emf%oﬁ%yucg%%‘?ogalgdltl féargsc CeliBs B cEOY | £ gy face

cont am nat can be In_a usi_ng us produced air for
t he atnnsdhﬁﬂi|0nehefcﬂeaNOMO@mrﬂhsvﬁﬂbhﬂ@hea%UF#aée<ﬁ mi et @f i s

exposed, A1k 2lumiffm. %illsitcra%tee Mf@@@d'él@ﬁﬁi@ﬁ ed.
Furthernnre anot er advant [ provj de a fllter no fl bl e
subst ance DOFquSs 8bASE: t lm%aﬁﬁffccﬂﬁﬁqﬁsrﬁman s&&s‘é’rat}'ént ﬁyvmﬂ:?'ne%a alt of

an |norgama&ﬁﬂyChl§r?§?ﬁBgIatﬁdth@epawﬁeth@f?abbbmmtyvaC subﬁianﬂb
sel ected 1501 3t 535} NFoRL ofs 8481 e85 Bhetib! G8olite.

6:.°  The air filter according to claim 1, 2,7 3, 4, 5 or 6,

wherein the average pore diameter - of said inorganic

substance powder impregnated with salt of inorganic acid
is 100 angstroms or more.

7. The air filter according to claim 1, 2, 3, 4, 5 or 6,
wherein said salt of the inorganic acid is sulfate.

8. The air filter according to claim 1, 2, 3, 4, or 5,
wherein said supporter has a honeycomb structure.

a. The air filter according to claim 9, wherein said
honeyeomb structure cdhsists of inorganic fiber as an
essential component.

10. A method for manufacturlng an air filter comprlslng
the steps of:

immersing a supporter in a suspension in which the
following adsorbent and powder of the following inorganic
substance e are dispersed; and then

drying said supporter, thereby forming an inorganic
material layer fixed to the surface of the supporter.

wherein said adsorbent is prepared by impregnating a
salt of an inorganic acid to powder of an inorganic
substance cohsisting of at least one of diatom eafth,
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~alum na, a mxture of silica and alumna, al um num si | i cate,
activated alum na, porous glass, activated clay, activated bentonite, or
synthetic zeolite as the adsorbent to adsorb- and renpve gaseous basic
inpurities,, wt ected powder from various inorganic

subst ances as HI&IIHH HM ﬂﬂk adsorb and ) or gani ¢

i mpurities. FTNK98 hi gh efNERSLMRS S ef g <o
~constructed- with the filter of the |nvent|on |s superlor in preventing

di saster to the hi g q efficiency a|r par constructed " with
the conv&idiigRal alugina,f g ad d&g eppa ed@gvﬁ%%?mand/or
i ]9” eXChanl(.ilﬁlfllcl%Q:re, 'Eftﬁ:.iﬁraft%dmallulm\zlem,l qmm.rsbmmssje aacflﬁha‘eed coln;'jy'q,sti ng

of material nqt rati seous_or gani stance i.ch cause_t
substrate a&tAf égé o%eé%{’gt ion. OT Acﬁxpﬁpﬁﬁf‘?/ ?ﬁgiﬁ\‘%ﬁ efq’qadéi e%%v?ai r

_cl eani ng agparaand cconsbstatosd withistlat 1eas®r onef of hitalcinvkarlim can
protect the_substra ce or ihC t.ance I on
mar e coinéPgFﬁi’thiﬁntﬁﬁéE% dﬁ %gh(ﬂéﬁﬁ%/ a?ﬁhﬁb%gamliyﬁgpdra?%s
const ruct esiwitubret heoﬁon\sadtllcanal andl | tadhumigiang aslumanvs chsikicate, -

~adsorbent gpdiqhsln QEHAHME [ B6Eous! NPl NChYREALel P Uiddd i DO

.'reaned by The pr esent I nventi on IS ‘gaseou basi c
silicate clay m1nera1 hav1ng a crystal structure of the

ribbon type, activated <clay, activated bentonite or
synthetic zeolite. '

1i. A method for manufacturlng an air fllter comprising
the steps of: '
immersing a supportef in a suspension -in which the
following adsorbent and powder of an inorganic substance
for the binder are dispersed; ;
then drying said supporter, thereby forming a first
inorganic material
layer on the surface of the supporter; -
immersing the supporter on which said first
inorganic material layer is formed in a suspension in
which powder of the following inorganic substance 8 is
dispersed; and then
drying said supporter,” thereby forming a second
inorganic material 1layer on the ‘surface of the first
inorganic material layer, or forming said second inorganic
material layer on the surface of the supporter and then
forming said first inorganic material layer on said second
. inorganic material layer,
wherein said adsorbent is prepared by impregnating a
salt of an inorganic acid to powder of an inorganic
substance consisting of at least one of diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and said
1norgan1c substance B 1is at least one of diatom earth,

I
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' irrp'uri'ties, - the filer of t'he present invention is also effective in
r emovi ng gasezgﬂmlﬁiﬁanlc | mpurittes. Thus the filter of the present

‘i'nvention has c , muﬂIMEMe gaseous basic i'npurities and organic
i mpurities as C di ng the advantage such as reduction of

the volunme of the adsorpt ive |ayer, duct| n of h ur e
| oss, reduction of rmanufacturing costR r and so’
forth. 87/101 Clainms 1. - An air filter conprising an inorganic

material | gyﬂcghaﬁghﬁlﬁgr midm?)(mgfré' '3? EHQ1fc9{ a0 20440 Belim 'tlﬁl“i ance a

surface of “a_suppor I"owi ng_ | nor ganic. s
as a bi ndeslblca’ced | | @Ctm@ﬁd n ahvmiBdsor MOFOUSs p&'b@&ﬁed tydnasresynat i ng

a salt of ﬁ&g?@?iﬂﬂ“?fhéﬁté’ ley H‘M@?ﬁl ﬁfav1ﬁ§ al reqry@%uc stMRshace
consi st ng east one at EH‘I earth a, al um na, a
~mixture off she Eabbaﬂdtyaﬁur@ﬁ&”atﬁ A¥m §|°It|18§tt§d i’&é&tlﬂi’étt@d o uni na,

porous gl agpntRetiyasé6ll ttay, activated bentonite, or synthetic
zeol ite; and t he inorganic substance a is at |east one of talc,

- kaolin mneral, bentonite, diatom earth, silica, alumna, a
mxture B2, SThé camethod Porn mmnufaxitwmxiimgm theli caire, odtiteat ed

al’um na, € Eéjmgt%cﬁam YdrahaSer %‘}Siislirﬂgsial isct%&)e oflay mneral

havi ng a 9% ’t he ) . ) .
dissolving a salt of an 1inorganic acid in advance

into the suspension separately before immersing the

supporter.

13, :The method for manufacturing the = air filter
. aceording to c1a1m 12, further comprlslng a step of:

_ dissolving .a salt of an inorganic acid in advance
into the suspension before immersing the suppoerter. |

‘14, A method for manufacturing an air f11ter comprising
the steps of:

preparing an adsorbent by impregnating a salt of an
inorganic - acid in advance to powder of the following
inoerganic substance vy
immersing a supporter in a suspension in which powder of
said adsorbent and powder of the following inorganic
substance o as a binder are mixed together; and

pulling up the supporter from said suspension for
drying after immersing, '

wherein said inorganic substance y is at least one
of diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass, activated. clay, activated bentonite or synthetic
zeolite; and said inorganic substance o is at least one of
tale, kaolin mineral, bentonite, diatom earth, silica,
alumina, a mixture of silieca and -alumina, aluminum
silicate, activated. alumina, ©porous glass, Thydrated
nagnesium silicate clay mineral having a crystal structure
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ribbon” type cl ay, activated bentonite or synthetic :
zeolite. _-“aGLLM?%T?EF“‘npriSing.a first inorganic material |ayer and.

a second |norg @Iﬁ[‘ "’mm’ er consisting of the foll owi ng substances

and a supporters ﬂunyhe first inorganic material layer or the
second i norganic naterla Payer bei ng direct]l d h

supporter and the renaining inorganic- e REPREE cimais
additionally fixed to the surface of the flrst flxed |norgan|c mat eri al

| ayer so that i gh alyayer e nrgani c
| ayer are %fagﬁgdrékﬁa%h£98é ggéGEEFH Ea& sﬁﬁﬁgpgékh-kﬁgﬁgﬁﬁtbsg?

first morgmmth:ehm ezeﬁallﬁtayer Is a Iayer formed of an adsorbent which is
made by inpregnating a salt of an inorganic acid to powder of an inorganic

substance .consisting of at |east one of di gt om eayth, SJ|IC% alumna, a
mixture of1%q | i Ehendmgihatina, LoF unmARRigatuzdng atheyardtr al ddilksr por ous

glass,  acidysidihg GﬂcﬁYolaﬁPtlj[B/atﬁﬂ'tHégnmﬂxgm(;m Swrdiefc zeol ite, and
wder an i oxganlc ance.used as_ a bi nder a con
|norgan|c d%ﬁﬁ%? ?i % §h§'¥ﬂﬂﬁﬁ%ﬂﬁ%ga%*d Fepﬁﬁgf %KeIBE dlatom

earth, 5|éai&isﬁﬁpunsrnn a n1xture of silica and alum na, alum num

silicate -activated al um na, por ous gl ass, hydrated nagnesi um
silicate clay mneral having a crystal

16, A method for manufacturing an air filter comprising
" the steps of: '

immersing a supporter in a suspension "in which
powder of the following inorganic substance y and the
following inorganic substance a« as a binder are mixed
.together,

pulling up the supporter from sa1d suspension for
drying after -immersing in said suspens1on,
immersing said dried supporter in a salt solution of an

“inorganic. acid; and .
~ pulling up the supporter frqm said solution for

drying after immersing in said solution,
vherein said inorganic substance y 1is at least one of
diatom earth, silica, aluminra, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass, activated clay, activated bentonite or synthetic
zeolite; and said inorganic substance a« is at least one of
tale, kaolin mineral, bentonite, diatom earth, silica,
alumina, a 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, activated bentonite or
synthetic zeolite.

b Y

17. A method for manufacturing an air filter comprising

the steps of:
immersing a supporter in a suspension in which

powder of the following inorganic substance y and the
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' structure of the ri bbon type activated clay, activated bentonite or

synthetic zeolite ter conprising a supporter and a |ayer
formed of pl ur al ts fixed to the-surface of the supporter,
wherein the m‘ y pelletizing the follow ng adsorbent using
powder of th no |ﬁorgan|c substapce a a filler,
wherein said i horganic substance a is cimv n mneral,
bentonite, diatom earth, silica, alumna, a m'xture silica
and alu al wm num, . si i a ted r

alass, oA iau® THebinignutitehes G 48 8 binfelThRe mix E? 4
structure selt heo nitdeon oft e, 1nors(atml‘¢ata@dd,claa act i vat ed bent onite

or syntheti c Ze%tgnlga“g% S3d aephbPpLs szmmepgﬁfd by dyBEIAt gy a salt

of an inorganic “aci I.nor gani ¢ substance “consisting of at
| east one dfyidigatafitegarimmersiingcin spadi ﬁ&sDﬁnﬁﬂﬁflure of silica and

al um na, ' Ct 5MBEed uminga, t PPéS&S on@l 268,
acti vat edq;cl*gpéwg]ctslﬁ\ilhtg &érﬁngn|t , or gce?ketll 2 °

% zeo %% 89/10&
An air fi Itil@rt%rrﬁ?ﬁ ng & ord Pmlﬁafl Ast BAZEPTE LBl 81ddcqna@PL | et
wher ei n sg1dnEeRQNd Aleidietun S Sidrirgt egr owawk ivetddl | olvmpnd,i r spopens et by

Con T Th 5 Sl 08, [0 B BRI AL LEbbnethdl sai @
zeolite; and said inorganic substance « is at 'least one of
tale, kaolin mineral, bentonite, diatom earth, silica,
alumina, a 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, activated bentonite or
synthetic zeolite. | '

18. The method for manufacturing the air  filter
according to claim 12, 13, 14, 15, 16, 17 or 18, wherein
said salt of the inorganic acid is sulfate.

19. A high efficiency air cleaning apparatus comprising:
an air circulating path which eirculates air in a space
where clean atmosphere is required:;

an air filter disposed in said air circulating path;
and

a particulate filter, arranged on the upstream side
of said space in said air circulating path and on the
downstream side of said air filter, ' ‘

wherein said filter includes an inorganic material
layer in which the following adsorbent is fixed on the
surface of +the supporter wusing powder of inorganie
substance as a binder; and said adsorbent is prepared by
impregnating a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina, a mixture of silica and alumina,
aluminum silicate, activated alumina, ©porous glass,
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' first'peTIet i's prepared by peIIet|Z|ng an adsorbent made by | npregnating a
salt of an ing 0 powder of an inorganic substance consisting of

at | east one of ica, alumna;- a mxture of silica and
al um na, al um\mm “mm“\ﬁ“\ activated alum na, por ous gl ass,
activated clay, d vated béntonite, or 7 nt het | c zegl't u ing powder of
an inorgani c substance as a binder; and 5%l%ﬁﬁﬁgﬁgﬁﬂﬁé—é§§&¥5§99—[err] is
at | east one of diatomearth, S|I|ca alumna, a mxture of silica and
al um na, | umi.nu Sili C t u

“hydr at ed r&% g %Ycafagtbg‘i"éﬁe% b3t el é'ﬁp ggmgggﬂg ?ngﬁ?e of ¢ he
ri bbon type, activated cl ay, actlvated bentonite or synthetlc zeolite.

air filtegs- co S a qg%

wherein e?’? Her n?hpel}{}%th whi C, d or mdu@&ﬁﬁ%‘t%ﬁéﬂtﬁy ? ogvliﬁ%

adsor bent twsigkpisovls en&#ﬂfSﬂﬂ vﬁﬁ@ @%nl%c !&%ﬁaﬁ%elaphgaﬁlblnder

or a fillgaterdlala P.«f‘fé?cndlﬂelwh%hf etrHaedf@nseftﬁgnad%&laeawq%f p{xea he '
follow ng 1 nogganl Cc .Substa err] araound . first

formed by 9l t8€i zFRETase of | (ﬂ}%g &t H§|1i?§ pBﬂHEFrof ofin '?lhfbr gam c
subst ance f%il@wlih@dﬁrnoﬁg%nflld |31€bmndb hhe a@asa nBindbLr eirn asaf i1 14wy gani c
subst ance is,at n_m.neral, ggto ite

di at om earstaﬁd %4§qr3%?nat a}ﬁmpﬁ'gpar&dmlﬂ u}gprggngtﬁpga 4nie el
al um num dnlorgandc m:mdvatimzl abemdera, pbroan Jinaganivydrsubstamegnesi um

silicate c%}n@ist% é‘g' Nle é‘sfryéﬁé" 6’{ fé‘f@mOf %xhﬁm“ b%’ﬁéaype

activated va ed bentonite or._syn |c zeoI|
aumlna, a mixture of silica an alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and said
inorganic substance o is ‘at least one of talc, kaolin
mineral, bentonite, diatom earth;. silica, alumina, a
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, activated bentonite or

.synthetic zeolite.

21. The high efficiency air cleaning apparatus according
to claim 20, wherein said air filter includes a first
inorganic material layer and a second inorganic substance
layer consisting of the following substance and a
supporter, wherein either one of the first inorganic
material layer or the second inorganic material layer is
directly fixed to the surface of the supporter and the
remaining inor_ganic material layer is additionally fixed
to the surface of the first fixed inorganic material layer
so that the first inorganic material layer and the second
inorganic layer are stacked on the surface of the
supporter; and said first inorganic material layer is a
layer formed from the adsorbent in which a salt of an
inorganic acid is impregnated to powder of an inorganic

substance consisting of at least one of diatom earth,
DO ekt
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'”édSOrbent i's prepared by |npregnat|ng salt of an inorganic - 90/ 101 acid
to powder _of stance consisting of at |east one of diatom

earth, silica, aIu ture of silica and-alum na, alum numsilicate,
- activated a giﬂﬁualljm(ass ‘activated clay, activated bentonite,
~oor synthetl H d inorganic s bstanc- | east one

_of diaton1earth S|I|ca al umina, a m xtRERACE 25 ,~al um num

silicate, acti vat ed al um na, porous gl ass, hydrated nagne5|un1 silicate

clay mi ng&i@ gavamﬂmﬂngryat ﬁhx%h%@cb'fr %ﬂflctah%nré! babﬂﬂuhz»aoal rﬁgﬁﬁm ed

clay, activa bentonite or ¥ etic zeolit ter
accordlngsﬂéléﬂﬁﬁn140t2vage qalgmipag Dﬂﬁ@ﬂélﬂlaﬁﬁe agtdvaged

di aneter a@tiyagkd béﬁ%ﬂf‘f‘éc éybgya@ﬁewew%luw e&@%%dpwférsaif of
inorganic acid is an ons Or nore. |Iaﬁr accordlng to

claimi1, 8n 3marz%nb¢ a6 AR 0 Salliingerng 43 r Al Secends
sul Ij ate. §norgafri]'i1@ <'944urbsf1;lalntc<ae:Tb dggerdihg ta)gdlaalemﬂllcoﬂmﬁ}:lliﬂg ot 5,at\/\2erei n
-sai d suppoprter has a conb structure. 9. e air_filt according to
claimo, 3ﬁ%§tlﬂn§aléh Rﬂﬂnﬁ?gf#Ucﬁﬁié°30n§%ﬂﬂ39ﬁ’|$0Pb§ﬁpﬁ gir as an
essentlalsnbn@mnand al@minaA m&ﬂmmnmmwsrﬁanﬂtmauacmgvahedlalhmhna;
Gonpr|5|ngofgﬁssté¥§§ of - hydrated magnesium silicate clay mineral

having a crystal structure of the ribbon type, activated

clay, activated bentonite or synthetic zeolite.

22, . The high efficiency air cleaning apparatus according -
to claim 20, wherein said air filter is formed in such
that pellets of the following pelletized adsorbent are
fixed on the surface of the supporté; using powder of the
following inorganic substance @ as a binder or a filler:;
said inorganic substance « is at least one of talc, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
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, activated bentonite or
synthetic =zeolite; and said adsorbent is prepared. by
impregnating a salt of an inorganic acid to powder of an
inerganic substance consisting of at least one of diatom
earth, silica, alumina, a mixture of silica and alumina,
aluminum silicate, activated alumina, - porous glass,
activated clay, activated bentonite, or synthetic zeolite.

23. The high efficiency air cleaning apparatus accordiﬁg
to claim 20, wherein said filter is formed in such that
the second peilet is formed by coating with the following
inorganic substance B around the following first pellet, and
said second pellet is fixed on the surface of the
supporter; wherein . said first peligt is made by
pelletizing the adsorbent prepared by impregnating a salt

is i replacement sheet
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i mer si ng a supporter in a suspensr on in which the foI | owi ng adsorbent and

powder of the follow ng—inerganit substance [err] are di spersed; and then

drying said supporter rmng an inorganic material |ayer fi.xed to
the surface of tml mmg ﬁ j rein said adsorbent is prepared by
| mpregnating a ic acid,to poy oL} (o} :

substance consisting of at | east one of ilica,
alum na, a mxture of sitica and al um na, aI um num sr Ircate activated

al um na, pBgr Qs ﬁt&sg%ma.ctaaat e%C|p%‘!6vde§Ctéfahﬁd nl?ﬁ'ﬁta?r'i'ct esubst?«fnce
synthetic zegQlite; |nor ani c . substance I s at, | east one of

nd
tal c, kaSPPﬁlﬂhﬁgal °F "L‘f@nt ong fHm diakm eaﬁ‘ih’ca siligaypi na,

a mxtureglufina, Si ki C@lxt@iﬂé o?ﬂ Un%malca ahudi nlamumﬁﬂa' | cailaimidady vat ed
al umna, r at ed umsrlrc&ate cla mneral

naving a Si5CEaEes: pOETTALedr L RBTRELBATONG 81 88 s5c
activat edachmatmitbenmnB‘yﬂt heri syatheétie. zédliteA mstihgd pfomder of

s suspehorabbelic (FALARER 8 N8 WRELECald, SITEC Sl A
subst ancestbstamge brﬁtderlsar%tdrlmﬂsednetrceﬁt digitog seaxitluppddiea, thereby
forni ng agfhhfla, a 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, activated bentonite or
s-ynth-etic zeolite.. :

24. The h1gh efficiency air cleaning apparatus according
. to claim 20, wherein said filter is formed by filling in a
case either one of pellets made of the following adsorbent
pelletized wusing powder of the following inofganic
substance o« as a binder or a filler, or the second pellets
formed by coating with powder of the following inorganic
substance 8 around the first pellets being made by
pelletizing the following adsorbent with powder of the
. inorganic substance used as a binder; said inorganic
substance « is at least one of talc, kaolin mineral,
bentonite, diatom earth, silica, alumina, a mixture 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 synthetic zeolite; said
adsorbent 1is prepared by impregnating a salt of an
inorganic acid to powder of . an inorganic substance
consisting of at least one of diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated olay,
activated bentonite, or synthetic zeolite; and said
inorganic substance -8 is at least one of diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
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inorganic materi al Iayer on the surface of t he supporter i mersi ng t he
" supporter —ep—whitch — said first inorgani.c materi al “layer 'is.
~formed in i ch powder of the followi ng inorganic
subst ance. [érriﬂi‘ m mu““mi“and t hen dryi ng said supporter, thereby
formng a cinorganisc *materi al ayer o t h 3 r,f ac oof' t he
first inorganic material layer, or form L t mat eri al
| ayer on the surface of the supporter and then formng said first inorganic

material ls3y8¢ae, sal@bm i n@&ﬁﬁ&'hﬁ rrat;%mislag%ssmherlﬁd&m&

adsorbent is prepare r natrn It .of an Inorganic acid to powder °
oo MoRa&RRE DAy SudAbe tonRIRY, PiACsR 1o Mavids: B AT KA CRE M RGeS,

silica, abgmtha, rdbeIoXlt typepf ascltllw@aeanctlalwmmiv@wﬂ bRt i At &y '
activated aI 351 g g ﬁ gl ass, activated clay, activated bentonite, or
synt het i cS d 118; hie- sai d i norganic substance [err] is at |east one
~of diatom earth 92/ 101 silica, al un1 na, a mxture of silica and

al um na, um S a % ign
hydr at ed rra negrgém 1slillkﬁ E?flcf‘gg*n QE ﬁ%\llllrlin %’pgrar%& satcﬁ??t‘ﬁilg of the
ri bbon type, chcmvaﬂedz&l a2, ad rvgﬂeérbaﬁbomhteé'eam §y‘rlmdh@t1|rc fiddlent e.
and a particulate filter are installed on the ceiling
portion of said spac¢e or room.
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12. The met hod for manufacturing . the air filter according to
.claim 11, further conprising a step of: dissolving a salt of an inorganic
acid in advance into the suspension separately before i mrersing the
supporter. 13. The met hed . Jfor manufacturing t he air filter.

according to claim 12, further conprisi nReplaséfiéntSheetdhsSRkobePgogp salt of

an inorganic acid in advance into fggggguspensi on before rmersing the ..
supporter. 14, A method for manufacturing an air filter conprising the
steps of: pl&PSing an adsorbent by inpregnating a salt of an inorganic
acid in advance to powder of the follow ng inorganic substance [err] ;

| mrersing a supporter in a suspension in which powder of said adsorbent and
powder of the follow ng inorganic substance [err] as a binder are n xed
together; and pulling up the supporter from said suspension for drying
after imersing, wherein said inorganic substance [err] is at |east one
of diatomearth, silica, alumna, a mxture of silica and alum na, alum num

silicate, activated alum na, porous gl ass, activﬁTéd*t+ayT-agLLxg£$d
bentonite or synthetic zeolite; and said inorgani ce ais at |east
one of talc, kaolin mineral, bentonite, di atom” g”mm#

al um na, a mxture of silica and alumna, at ure
activated al um na, por ous gl ass, hydr at ed nagne5|un1S|I|%aIb cl ay

m neral having a crystal structure

L. An air filter comprising an inorganic material layer
that is formed by fixing the following adsorbent to the
surface of a 'subpdrter, using powder of the following

" inerganic substance @« as a binder or a filler, wherein
said adsorbent is prepared by impregnating a salt of an
inorganic acid to powder of an inorganic substance
consisting of at 1least one of diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
-silicate, activated alumina, porous glass, activated clay,
activated bentonite, or < synthetic zeolite; and the
inorganic substance « is at least one of tale, kaolin
mineral, Dbentonite, diatom earth, silica, "alumina, a
mixture of silica and alumina, aluminum silicate,
activated alumina, porous glass, hydrated magnesium
silicate clay mineral having a crystal structure of the
ribbon type, actlvated clay, activated bentonite or
synthetic zeolite. '

A An air filter comprising a first inorganic material
layer and a second inorganic substance layer consisting of
the following substances and a supporter, either one of
the first inorganic material layer or the second inorganic
material layer being directly fixed to the surface of the
supporter and the remaining inorganic material layer being
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93/ 101 of the ribbon t tivated clay, activated bentonite or synthetic
Z W?Wfor manuf act uri ng t he air filter
abcorcﬂ ng t mu Umu er conprising a step of - dissolving the salt of
t'he inorgan ﬂ“ﬂlﬂ“

y .into sai d,suspension. 16. A net hod for
manuf act uri n@ ah dir filter conpri sing tr@%&gmgnt@heetl %&65&320@0
supporter in a suspension in vgg%/ﬁﬁ po oW ng

i norgani c substance [err] and the following inorganic subst ance a  as
a binder additionallyogiited; toul ithey spriflaeesupfortlee ffnrs’salﬂlxed

Suspens! onshoEgdiye a4 flal TRLALO 9 SMSL ST | TRIB ST

dried suppor In"a n of an i norganicaci
support er maberrsal dlapent aod ftdile dredond ainergamher dangri arsalsi:aaﬂdad | on,

wherein sgj {wgnﬁnfapces%taafee [s%fp{ﬂ ortier,al JHRA%tlin °381 il Ak

earth, SI|IC8. umna, a re |ca and al umi na mnumS|I|cate
activat ed HRQFEeMLC p@#ﬁﬁ%lﬁgi er okf i da @aercﬁaymedaeﬁ a8t adsozdendni t e

or synt hetﬂ?l@lﬁoistﬁadé‘nﬂgsdhﬂrbﬁﬁﬁﬁiﬁkc SUWBIANGE ani $ndrghRde! a@Rg Of
tale, kaoélnp mdré%raof anemiggi'tgghlcdlgﬁbosn%anegerth conmé%fﬁg of at
least one of diatom earth, silica, alumina, a mixture of
silica and alumina, aluminum silicate, activated alumina,
porous glass, activated clay, activated bentonite, or
synthetic zeolite, and powder of an inorganic substance
used as a binder; and said second inorganic substance
layer is a layeér consisting of at least one of diatom
earth, silica, alumina, a 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, activated
bentonite or synthetic zeolite.

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
the following adsorbent using powder of the following
inorganic subs-tanée @ as a binder or a filler, wherein
said inorganic substance « is at least one of tale, kaolin
mineral, bentonite, diatom earth, silica, alumina, a
mixture of silica and alumina, aluminum silicate,
activated alumina, porous glass, hydrated magnesium
silicate clay mineral having a crystal structure of the
ribbon -i:ype, activated clay, activated bentonite or
synthetic zeolite; and said adsorbent is prepared by
1mpregnat1ng a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina,'a mixture of silica and alumina,
aluminum silicate, - activated alumina, porous glass,
activated clay, activated bentonite, or synthetic zeolite.
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al um na, a mxture of silica and alum na, al um num si | i cate,
.activated al um na, por ous gl ass, - hydrated magnesium silicate cl ay

n1neraF—hav+ﬁg—a—eLySLaL_structure of the ribbon type, activated clay;

actlvate li t heti g zeollte 17. A method for manufacturing
an ai v o[l |ﬂ mﬂﬂﬁ!@! he steps of . | TRE2b gy SUIRSIC S Rody
suspensiorr 1 @ of 9/1f0ql I e [err]
and the 94/101 fol | owi ng |norgan|c substance a as a binder are n1xed in
a salt solution of an inorganic acid, and pulling up the supporter from

said suspepsi on Hﬁraﬁii'}’f'ilgltéi't ebmpm&agng ishppRird eFYS RE THIrQt, mqreed n sal d
i nor ganl C east di a m eart

bst ance n Si
- alumina, a2 HHX@UF@ 8@ 4¥%fﬁuuf qﬁﬁ?ﬁﬁalg Fﬁﬁ?ﬂénpegSPtcéFe@or |vated
al um na, apounds tgleassollaﬁimgat Bilr st ayeldetti at ecodeii@niwti ¢horpowdeirheti c

mneral BEni o CIANE, PEAAEE BpbRyhe PR R °galfh Fages®or "

silica annelhbtumlrsa fixed uminnuthei Isuodias,e oﬁctsa\mlt esluppa:t'tueu'ha ,saidporous

9,235 o MBSO MR SR o AT EELE B BB FAAT gy

synt hetic broimpsegnating” a sal an 1norgan1c ac1 to powder of
an inorganic substance consisting of at least one of
diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous

N glass, activated clay, activated bentonite, or synthetic

zeolite wusing powder of. an inorganic substance as a
binder; and said inorganic substance B .is at least one of
diatom earth, silica, alumina, a 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,
activated bentonite or synthetic zeolite.

5. An air filter, comprising a casing filled up with a
plurality of pellets, wherein either a pellet which is
formed by pelletizing the following. adsorbent using powder
of the following inorganic substance o as a binder or a
f111er, or a second pellet formed by coating with powder
of the follow1ng inorganic substance B around a first
pellet which is formed by pelletizing fhe' following
adsorbent using powder of an inorganic substance as a-
binder, is filled up in the casing; wherein said inorganic
substance o is at least one of talc, kaolin mineral,
bentonite, diatom earth, silica, alumina, a 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, activated bentonite or synthetic zeolite; said
adsorbent is prepared by impregnating salt of an inorganic
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18. The nethod for manuf act uri ng t he air ' filter according to
.claim 12, 13, 16, 17 or 18, wherein said salt of the inorganic

atid is su igh efficiency air cleanlng appar atus conpri si ng:

an air cir ﬂu Nﬂu ,ch C|rculates air in a space where cl ean

- atnosphere ¢S ¢ € air filter. dqai ting
path; and a particulate filter, ar rgzé?l 'O%E%‘%mé&ﬁéétjgd eFQ (gal d space

in said air circulating path and on{ fie¢ downst r eam si de of sald air filter,
wher ei n Saadlﬂlkbepomdeku@éSan11nurgﬁnu© snbetamtelay351sn1ma|oﬁ Blte

f [ d f t wd
P hor oanf €E8E Bk oF AT NeaPth 2 gid1%a0) AN BHEPRAT B £kt 08 oo Ner
|npregnatl9glacaabndoml&m1mmor@iuﬂﬂnnmcﬁlblp@Wderaotlaatedoﬁéanﬂaa,

subst ance 88P§ﬁ§t |§pdd§)§ atadntglays‘; ae é]faydl atﬁ%@l%ﬂé& %'én't%?mtg' urrbga a

m xture of ca U i ate actlv%ée | umi na,
por ous g$EB§het109§P9b1tactﬁ@étéﬁtﬂiaynoﬁéﬁﬂk%téﬁ BEARGR| tR, bF §§nthet|c

§|e0| I tgo Za%ast-rbﬁeh'o&'h Efdtid easvtiai r sellgan] nmmafa@t Up ﬁsﬁeﬁﬂe ngfto
alm ,

f ein said.air filter includes, an tnorg g ga .layer in

whi ch the $bt16%i A8 a@%&PE@ﬁt iad ymiphy o311 Heatey f ELIRRLE a HBbBPter

using powdgsrefist lass, hydrated magnesium silicate clay mineral
having a crystal structure of the ribbon type, activated

clay, activated bentonite or synthetic zeolite.

N 6. The air filter according to claim 1, 2, 3, 4, 5 or 6,
wherein the average pore diameter - of said inorganic
substance powder impregnated with salt of inorganic acid

is 100 angstroms or more.

7. The air filter according to claim 1, 2, 3, 4, 5 or 6,
wherein said salt of the inorganic acid is sulfate.

8. The air filter according to claim 1, 2, 3, 4, or 5,
vherein said supporter has a honeycomb structure.

q, The air filter according to claim 9, wherein said
honeycomb structure consists of inorganic fiber as an
essential component.

10, A method for manufacturing an air filter comprising
the steps of: . '
. immersing a supporter in a suspension in which the
following adsorbent and powder of the following inorganic
substance @ are dispersed; and then

drying said supporter, thereby forming an inorganic
material layer fixed to the surface of the supporter.

wherein said adsorbent is prepared by impregnating a
salt of an inorganic acid to powder of an inorganic
substance cohsisting of at least one of diatom earth,
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followi ng inorganic.substance [err] as a binder or a filler; said adsorbent

1S prepare | ting a salt of an inorganic acid to powder of -an
[ ﬁorgj ml‘Mi Bﬂﬁsi sting of at |east one of diatomearth, silica,
al um ¢  of siliica and alum na, alumi num silicate,

| activated alum na, porous gl ass, actiyatgg Ek&¥mﬂ@ﬁ%&¥3§?ﬂmdﬂ§25@gite’ or
.synthetic zeolite; and said inorggahig St R ast one
of talc, kaolin mneral, bentonite, diatom earth, silica, al um na,
a mxture sidfica,sidliumdna,amd nixdhuoe e siblaariandnalwiingat €] umiiiyat ed

| um na, : , h - Si silicate clay mneral
ﬁaerhgaa'cfggggﬁigfrggﬁﬁﬁgtsg %ﬁgﬁﬁﬁgboégﬁﬁﬁiaéﬁgﬁﬁﬁ[ﬂéﬁ%ﬁftﬁgegﬁa?’ .
activated apdiveiiede hantopitieeti oeosyntheRic zFbdibegh amfd cismiay air
cleani ng aRRBERH cAHA A 0of! AN 33 VORIP! Bugaidk Akhibi ! gl

oqﬂwludes
a first inorgani¢ material |ayer a I nor,gani ¢ substance 1-ayer
cansi stingBiBfTalne beatraithy diBieAncearihd &i Gﬁﬂ@rt@ﬂpmwm@neim ei t her
one of themfikt@tel NogPanisq1geher igd | av@umdha, he §egRNSuh NOr qril(patrgs’lfte_r.l al
rface of _the supﬁorter nd the renaining

| ayer is directly fixed ta the su _
i n-)c/)rgani c ﬁﬁ?éy?iﬁ?dl afgru'qlglaaddil’?’éﬂ‘é?l y 853884 to Yﬂ’éag‘él&f adkBee SN f | r st
fixed inorghbicatat arlay hiwyerakohakdngt f’@ki:i(tj'ﬁrsﬂ:aln(ymut%f;@t 6f| %:che| ?Ker
and the se | nor, ic | re stacke on . the ,surfac o] e
supporter;fgﬁgoéa[&qigfsgafﬁ%&%&ﬁ?c ﬁﬁf ’iala?5§%ﬁt?€ ab95§8P1$8rn86 from
t he adsor b8rmthetipi zeobited t of an I norganic acid is inpregnated to powder
of. an inorganic ,

~ 11, A method for manufacturing an air filter comprising
the steps of: .
immersing a supporter in a suspension -in which the
following adsorbent and powder of an inorganic substance
for the binder are dispersed; ; |
then drying said supporter, thereby forming a first
inorganic material
layer on the surface of the supporter;
immersing the supporter on which said first
inorganic material layer is formed in a suspension in
which powder of the following inorganic substance B8 is
dispersed; and then
" drying said supporter,. thereby forming a second

inorganic material layer on the ‘surface of the first
inorganic material layer, or forming said second inorganic
material layer on the surface of the supporter and then
forming said first inorganic material layer on said second
. inorganic material layer,
wherein said adsorbent is prepared by impregnating a
salt of an inorganic acid to powder of an inorganic
substance consisting of at least one of diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and said
inorganic substance B is at least one of diatom earth,
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§g$?1§292-~QQDSL8Pan of at least one of diatom earth, 96/ 101

. ca, alum m xture of silica and alum na, alum numsilicate,
act m‘\ orous glass, activated clay, activated bentonite, or
syn“ ,.u3|ng meden of an inorgani c substance as a binder; and

sai d*setond |norgan| c substance | ayer.. |SR%IE{£¥J@;;%$,_Q&3| §t¢agfé9f20% | east one
of diatomearth, silica, alumna, 9"2/th alum na, al um num
silicate, acti vat ed al um na, porous | ass,, hydrated magnesium silicate
clay ninsidichaveAgminesyst aixsurecodr sidiaamand wominme alumizumt ed

clay, act b‘ii‘i@ﬁt@e”t%ﬂfvﬁe@ynhl‘%iﬁazeo zddzebusZZ gladbe higyusfddei ency

air- cl eani ng apparatu accord ing tQ clarm whereln sald air filter is
formed i nm3&BASLAM: Sipdcpéesclay mﬂn@ra#oh@awmﬁga samsd@l; & rurdadement

are fixedo@nthBersbbbaceypl, t Aetivaped: @1aysi ¢ tHewdRd Menitomift@l lgaw ng
i norganic SUEE gnce a g : a binder or a filler; said I nor gani ¢ substance
[err] is SYRFREELCOARBOLE Rl c kaolin mneral, bentonite, diatom earth,
silica, al um na, a nlxture silica and al um na, al um num

silicate, ?ct [ vﬁgd ag LHE nafcr p 4 Ia]tﬁ?uﬁe FX?LZ%H bbgﬁq%ney um

silicate clay mner al™ aV|ng crys £ pe
activat edacconging mtclfauedll,beﬁumem CQJIDISIySﬂtHEta stamldfiie; and sal d

ag\?\g;Peg]E ;‘ Prepesetyi by LMLgNabEnG A $ablgRhian 'cri(?lr 9fR1 G 3ehd e
P into the suspension separately before immersing the

supporter.

‘13, :The method for manufacturing the air filter
aceording to claim 12, further comprising a step of:

dissolving .a salt of an inorganic acid in advance
into the suspension before immersing the supporter.

‘14 A method for manufacturing an air f11ter comprising
the steps of:

preparing an adsorbent by impregnating a salt of an
inerganic acid in advance to powder of the following
inorganic substance ¥ ;
immersing a supporter in .a suspension in which powder of
said adsorbent and powder of the following inorganic
substancea as a binder are mixed together; and

pulling up the supporter from said suspension for
drying after immersing, '

wherein said inorganic substance y is at least one
of diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass, activated. clay, activated bentonite or synthetic
zeolite; and said inorganic substance « is at least one of
tale, kaolin mineral, bentonite, diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, hydrated
magnesium silicate clay mineral having a crystal structure
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i norgani-e—stbstance consisting of at. | east one of diatomearth, silica,
. alum ' l“ silica and alumna, alum num silicate, activated
al um Bﬂl‘”ﬂ“qmmmu ass, activated clay, activated bentonite, or -
synthe¥i ce zeol it es 28. Thehi.gh efficiency air cleaning apparatus according
to claim20, wherein said filter is forngd,] Hﬁﬁ | . cand: pel | et
Is formed by coating with the follé¥ﬁ g Amd e&.q%(SQSb 208 ar ound

the following first pellet, and sa econd pellet is fixed on the surface
of the supforther ribbgmertaine. ntdvated nlay,pagtivated bepdaniteor

pel I etizi Rgnith@+3ds2eBeRkepr epared by inpregnating 'a salt 97/ 101 of an
I norganic acid to powder of an inorganic substance consisting’™ of at

| east one of diatom earth, silica, alumna, a nixture of silica
and alumpa, Theunmmehed |i €alre, BELnTAEBEr BAgN the PoadHS o idStor
activated clalé,.-activatid.beggon'tet or Sénthetic zeol%te, sing powder of
an i nor gaft€® di8Eafheeclail honqgEPrther CAPRTISIGhi St &Rk ance [err] s
at | east ddssodfingatthen earltth,of stheé canoaganiocaacida separtatedy dfntosilica

and alum ] silicate, activated al um na, por ous gl ass,
hydr at ed ﬁggﬁengh?g%?gggte clay mneral having a crystal structure of the

ri bbon type, activated clay, activated bentonite or synthetic zeolite.. 24.
The high gficigngytfbd Por2MdihARPAH AL #¢CA1EI T1ter comprising
the steps of: -
immersing a supporter in a suspension "in  which
N~ powder of the following inorganic substance y and the
following inorganic substance ¢ as a binder are mixed
togethérf . .
pulling up the supporter from said suspension for
drying after -immersing in said suspénsion; .
immersing said dried supporter in a salt solution of an
" inorganic. acid; and
- pulling up the supporter from said solution for
drying after immersing in said solution,
wherein said inorganic substance y is at least one of
diatom earth, silica, alumina, a mixture of silica and
alumina, aluminum silicate, activated alumina, porous
glass, activated clay, activated bentonite or synthetic
zeolite; and said inorganic substance o is at least one of
talec, kaolin mineral, bentonite, diatom earth, silica,
alumina, a 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, activated bentonite or
synthetic zeolite. o
17. A method for manufacturing an air filter comprising
the steps of: _
immersing a supporter in a suspension in which
powder of the following inorganic substance ¥ and the
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said filter is formed by filling in a case either one .

3 he foll owm ng adsorbent pelletized using powder of
theﬂ IM ﬂl]ﬂ '!ﬂganic substance a as a binder or a filler, or the
secon d by cqati ng with powder of the foll ow ng inorganic

substance [err] around the first g!lgl%ﬁmﬂgi?ggmaaggirzwo
pelletizing the follow ng adsorben§ subst ance

used as a binder; sai.d inorganic su s ance is at | east one of. talc,
kaol i n mi rEarldiowimentimoirganicdisabstanear toh, assal binder atned mixed aimi &t ure

of s|I|caE§nQ @oQWEQ%n.%%“Eh”ﬁﬁb?ghh?@t§c19CthH8ted al um na, porous gl ass,

hydrated ‘magnesium_-sil m neral having a crystal structure of
the ribbon typepuddingateni dhay, sumrw eérouemwit@usmnsgpm hEer c

zeolite, ;g%h%gaQ§Q%Qe@hmb?s@h@pfﬁegabﬁ sRpEASAHANY a salt of an inorganic
)

acid to p ngr gani ¢ .substance consi sting of at |east one, of
di at om ea™yeredy j 3aid 5 igerganic Subsianee ¥ of issi PFcaleaa'ﬁd ogeunfha,

al um num diilait@at ega@En V%tleldcaLunanmlm,r ouas ﬂiﬁ‘o‘ﬁre aqifl vaiddcal aynd
activated ;bentonite, nt.heti,c zeol q] s.ai d i nor anlc

subst ance dL#MLR3: | sa&t“mllgé@t g&él&atﬁi’ at (?‘rﬁtéd’l’attﬁd sid i3 u AHLUS
m xt ure ofglaislsi, caaanivatedi rdayal uat tivated 9dehtbrditlel care,syntdodtiwat ed -

al um na, , RQGQUS fmg' ?ﬁ%d inO¥PaRt S0 TRIPESEEMS {4 G o Sl @Y JHI S #!
having a &ystal ructure = . . L
tale, kaolln mineral, bentonite, diatom earth, silica,
alumina, a 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 cIay, activated bentqnite or

synthetic zeolite.

18{ The method for manufacturing the air filter
according to claim 12, 13, 14, 15, 16, 17 or 18, wherein
said salt of the inorganic acid is sulfate. '

19. A high efficiency air cleaning apparatus comprising:
an air circulating path which circulates air in a space
where clean atmosphere is required:

an air filter disposed in said air circulating path;
and

a particulate filter, arranged on the upstream side
of said space in said air circulating path and on the
downstream side of said air filter, _

wherein said filter includes an inorganic material
layer in which the following adsorbent is fixed on the
surface of the supporter wusing powder of inorganic
substance as a binder; and said adsorbent is prepared by
impregnating a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina, a mixture of silica and alumina,
aluminum silicate, activated alumina, ©porous glass,

rhig i3 the (epiacemant shogt
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of the ribbon type, activated clay, activated bentonite or synthetic
;zeollte Thp hi gh eff|C|ency air cleaning apparatus according to claim
erein said air filter and a particulate filter

are”l“llﬂ'l““l“ “I““i‘ ceil |ﬂg._port|on of said space or room

Replacement Sheet : 13 October 2000
95/101

activated clay, activated bentonite, or synthetic zeolite.

20" The high efficiency air cleaning apparatus according
to cla1m 20, wherein said air filter includes an inorganic
material layer in which the follow1ng adsorbent is fixed
on the surface of the supporter using powder of the
foilowing inorganic substance ¢ as a binder or a filler;
said adsorbent is prepared by impregnating a salt of an
inorganic acid to powder of an inorganic substance
consisting of at least one of diatom earth, silica,
alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and said
inorganic substance « is at least one of talc, kaolin
mineral, bentonite, diatom ‘earth, silica, alumina, a
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, activated bentonite or
synthetic zeolite.

2. The high efficiency air cleaning apparatus according
to claim 20, wherein said air filter includes a first
inorganic material layer and a second inorganic substance
layer consisting of the following substance and a
supporter, wherein either one of the first inorganic
material 1ayer'or the second inorganic material layer is
directly fixed to the surface of the supporter and the
remaining inorganic material layer is additionally fixzed
to the surface of the first fixed inorganic material layer
so that the first inorganic material layer and the second
inorganic layer are stacked on the surface of the
supporter; and said first inorganic material layer is a
layer formed from the adsorbent in which a salt of an
inorganic acid is impregnated to powder of an inorganic
substance consisting of at least one of diatom earth,
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silica, alumina, a mixture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite, using powder of
an inorganic substance as a binder; and said second
inorganic substance layer is a layer consisting of at
least one of diatom earth, silica, alumina, a 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, activated bentonite or synthetic zeolite.

22,  The high efficiency air cleaning apparatus according -
to claim 20, wherein said air filter is formed in such
that pellets of the following pelletized adsorbent are
fixed on the surface of the supporté; using powder of the
following inorganic substance o« as a binder or a filler;
said inorganic substance « is at least one of talc, kaolin
mineral, Dbentonite, diatom earth, silica, alumina, a
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, activated bentonite or
synthetic zeolite; and said adsorbent is prepared. by
impregnating a salt of an inorganic acid to powder of an
inorganic substance consisting of at least one of diatom
earth, silica, alumina, a mixture of silica and alumina,
aluminum silicate, activated alumina, - porous glass,
activated clay, activated bentonite, or synthetic zeolite.

23.. The high efficiency air cleaning apparatus accordihg
to claim 20, wherein said filter is formed in such that
the second pellet is formed by coating with the following
inorganic substance Baround the following first pellet, and
said second pellet is fixed on the surface of the
supporter; wherein . said first pellet is made by
pelletizing the adsorbent prepared by impregnating a salt
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of" an inorganic acid to _powder of an inorganic substance
consisting of at least one of diatom earth, silica,
alumina, a mixture of silica .and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite, -using pqwder of
an inorganic substance as a binder; and said inorganic
substance B8 1is at least one of diatom earth, silica,
alumina, a 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, activated bentonite or
~ synthetic zeolite..

24. The high efficiency air cleanlng apparatus according
‘. to claim 20, wherein said filter is formed by filling in a
case either one of pellets made of the following adsorbent
pelletized wusing powder of the following inorganic
substance a as a binder or a filler, or the second pellets
formed by coating with powder of the following inorganic
substance B8 around thée first pellets being made by
pelletizing the follewing adsorbent with powder of the
inorganic substance used as a binder; said inorganic
substance « is at least one of talec, kaolin mineral,
bentonite, diatom earth, silica, alumina, a mixture of
silica and alumina, aluminum silicate, activated alumina,
porous glass, h&drated magnesium silicate c¢lay mineral
having a crystal structure of the ribbon type, activated
clay, activated bentonite or synthetic zeolite; said
adsorbent is prepared by impregnating a salt of an
inorganic acid to powder of an inorganic substance
consisting of at least one of diatom earth, silica,
alumina, a mizxture of silica and alumina, aluminum
silicate, activated alumina, porous glass, activated clay,
activated bentonite, or synthetic zeolite; and said
inorganic substance ‘B is at least one of diatom earth,
silica, alumina, a mixture of silica and alumina, aluminum
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silicate, activated alumina, porous glass, hydrated
magnesium silicate clay mineral having a crystal strﬁcture
of the ribbon type, activated clay, gc@ivated bentonite or
synthetic zeolite.

Replacement Sheet : 13 October 2000

25., The high efficiency air cleaning apparatus according
to claim 20, 21, 22, 23, 24 or 25, wherein said air filter
and a particulate filter are installed on the ceiling
portion of said space or room.
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