filters such as HEPA filters, and the removal of solid particulates
is now controlled to the greatest possible extent. However, it has
been found that when the air in a closed clean space is used cyclically
through filters, sone of the m sty or gaseous chem cal substances
contained in the air are rather concentrated to |evels higher than those
in open air. The reason is that in the conventional cleaning of air, the
necessity of renoving m sty or gaseous chem cal substances contained in
the air has not been noticed, and therefore that the conventional air

cl eaners did not have such a function. In the electronic industry

where products like very large scale integrated circuits are produced, the

necessity of renoving the chem cal substances began to be noticed.
Especially in the photolitho process, the phenonena that the yields of
products are |owered by the presencéhsftnawdse chem cal substances have
been

5 A chemical filter unit, which comprises a filter medium

formed by laminating a plurality of fiber sheets and a housing
for containing the filter medium, and has a gas inlet open on one
face of the housing and a gas outlét open on the other face
substantially in opposite to the gas inlet, characterized in that

10 gas passages to allow the flow of the gas along the surfaces of
the fiber sheets are formed between the respectively adjacent
fiber sheets of the filter medium from the gas inlet to the gas
outlet, and that the adsorption capacity of the filter medium is
300 eq/m3 or more.

15 It is preferable that the fibers constituting the fiber

sheets are ion exchange fibers.
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f ound: “and® t he necessity of devel opi ng chem cal substance renoving
techni ques of a concept quite different fromthat adopted in the
conventionally used HEPA filters has been noticed. Especially it is
demanded to devel op techniques for renoving ammonia. and am nes such as
or gani c anine?. Agroni a causes haze and dielectric breakdown in the
product, and ﬂg-gﬂgsence greatly lowers-tha yigld of the product.

In the chenically anplified resist profay : ﬁ?iy* of the photolitho
process, protons are generated i// fe- (e f{ffadi ated with light as a
chem cal anplifying agent, to pr oy he di ssolution into the
devel oper. According to this neclfap ' 2forned. | f anmoni a
exi sts in the atnosphere,
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protons\"?a‘l&e’r'\eut ralirsed, and dissolution into the developer in this portion
Is inhibited. This causes a very serious problemcalled T-TOP failure.

Thi s phenonenon occurs when the amoni a concentration in air 1is as

smal| as several parts per billion. The ammonia concentration of the air
to be treated is, usually tens to hundredsQf parts per billion, though

di fferent froméﬂg»cé to place. To sol g""e’ ) oble! It IS necessary that
t he ammoni a concentration in the cl p 5 g]pb or |ess. LSI
manuf acturers are required to s we ad i‘ and desire the

devel opnent of any filter unit whi chipag l!,;‘-.l €\ ammoni a concentration in
the air of a closed clean production ‘E’:-‘G@‘ erysl ow as possi bl e.
Japanese Patent Laid-Qpen No. I ."'ﬂa‘@@. a method for renpbving sea
salts (including ammonia) in-air by |é& Q‘—“"- Lé pass through a filter
medi um contai ning i on exchange fibers. Te®Ver, thts. techni que does not
state any possibilityof renoving ammonia by adsorption down to a very'low
concentration (Eyges of '
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ppb), or any nmethod for | essening the pressure loss of the filter using
the filter medium' or any nethod for increasing the substance adsorption
capacity per unit volume of the filter medium which indicates the filter
service life. Japanese Patent Laid-Open No. 61-138543 discloses a
filter medi um obt ai ned by corrugating a | am nate fornmed by
overlaying pulp sheets on both sides of an ion exchange fi ber-containing
sheet. However, the filter nediumis used in the crossflow nmethod in which
agas is fed fromthe front sheet face of the filter medium to the back
sheet face. The dHEMICAQUEIKITERS UNIT aiNat eASngLEMNING SYSWEMI esseni ng t he
pressure loss of the filter using the filter = nmediumor any nethod for

i ncreasi ng the substance adsorption capacity per unit volune of the filter
medi um whi ch i ndi cates the

Technical Field
The present invention relates to a chemical filter unit and
a ges cleaning system.
The present invention relates to a chemical filter unit and
a gas cleaning system which can decrease the chemical pollutants
_ in a gas, particularly in the air supplied to a clean i‘oom, clean
booth or clean bench, etc. (hereinafter called a closed clean
space) to very low levels by using ion exchange or electric charge
adsofbing action, are low in the pressure loss of the gas to be
treated and can be used for a long period.
Background Arts
In recent years, in the electnic and electronic industry,
biochemical industry, etc., the demand for closed clean spaces
has been sharply increasing. With the improvement of production
techniques in the respective industries, the demand for cleanness
becomes véry se\}ere. In this connection, techniques for
_ analyzing pollutants are also unprov1ng dramatlcally in these
years._ As a result the necessity of removing conventionally
overlooked substances has been notiCed. |
The edm_[entional cieaning of ailr in closed clean spaces is

to mainly remove solid parti_culaf.es’ by u'sing particulate removing
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filter service life. Japanese Patent Lai d-Open No. 60-183022
discloses a filter conposed of cation exchange fibers for arresting
mut ageni ¢ substances in air. However, the filter mediumis used in the
crossfl ow net hod. The techni que does not state any nethod for |essening
the pressure | oss of the filter using the filter medium or any nmethod for
I ncr easi ngeiltersubsianceas admeapt £ Ortex@pacaty tper nemota¥olafiresofiifihe filter
medi um which indicates the filter service life. Japanese Lai d- Open
No. 8-2456gkuliiscllases ia Mdd temtaolilled tOmhai BidagedtOn pexehangexkteher sheets.
However, the technique does not state any nethod for |essening the
pressure | oss dbweher, it hkerneden fdimd thdtewhemthe @irdmnya ped Hed clioean
i ncreasing the substance. adsorption capacity per unit volune of the filter
nmedi um whmdve ndi esd@eythecdilyt ehrsesyifiaterbe. some of Thezaekerer the
above prior art cannot neet the demand in the above technique field.

gaseous chemical substances contained in the air are rather

concentrated to levels higher than those in open air. The reason

is that in the conventional cleaning of air, the necessity of

removing misty or gaseous chemical substances contained in the

air has not been noticed, and therefore that the conventional air

cleaners did not have such a function.

In the electronic industry where products like very large

scale integrated circuits are produced, the necessity of removing

the chemical substances began to be noticed. Especially in the

photolitho process, the phenomena that the yields of products are

lowered by the presence of these chemical substances have been

found, and the necessity of developing chemical substance

removing techniques of a concept quite different from that adopted

in the conventionaily used HEPA filters has been noticed.

Espec:Lally 1t is demanded to develop techniques for removing

ammonia and amlnes such as organic amines. Ammon:.a_ causes haze

and dielectric break_down in the product, and.its presenbe greatly

lowers- the y"iel'd of't':he produot.

- In the chemically amplified resist production process of the

~

photolitho process. protons are generated in the regions

irradiated with light as a chemical amplifying agent, to promote .

.
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The object of the present invention is to provide a filter wunit and a gas
cl eani ng system capabl e of responding to the above demand. The
present invention provides a filter unit very large in the adsorption
capacity of the filter nedium conpared to the conventional filter nedia
and small in the pressure loss of the filter mediumconpared to the
conventional filter nedia. To sol ve the above problens, it has been

consi der eghd @i 49 Le2SE 1h B tHYABLELdpf. thdorkihg €6 tHEEmdBheisn,0l une, but
this method does not solve the latter problem To solve the latter

probl em dHe RS iBeensCoBSIHEr edrt amflatedsestheifuant ialtodphdhe fil ter
medi um per volume, but this method does not solve the former problem The

ler :\i Ie(r;ts ulr r}&%{,‘ tatr(hneu§ \fg(g ta?c%nﬂsso uugl? 1rr]1Eort 1€ Ac%lgpre}/mq{u(s) 8!):8&? is 1an|h1b1(e<§ T ur;C e

causes a very serious problem called T-TOP failure.

This phenomenon occurs when the ammonia concentration in air
is as small as several parts per billion. The ammonia
concentration of the air to be treated is usually tens to hundreds
of parts per billion, though different from place to place. To
solve the problem, it is necessary that the ammonia concentration
in the cleaned air is 5 ppb or less.

LSI manufacturers are required to solve. this problem, and
desire the development of any filter unit which can keep the
ammonia concentration in the air of a closed clean production
space as very Ilow as possible.

Japanese Patent Laid-Open No. 1-317512 discloses a méthod

~ for removing sea salts (inclﬁding ammonié) in‘air by letting the
air pass through a filter medium containir;g.'ion exchange fibers.
- However, this technique does not étate any possibility of removii.?xg
ammonia by adsorption down to a véry'iow concentration (order of
ppb). ox any méthod foﬁ lessening the pressure loss of the filter
' ﬁsin? the f.:i..ite:::-r .medium, or any rx}éthéii' for increasing the
s_libs-t_anf:e hd\sor"pti_on cabadify bér unit v;al.ume of the filter medium
which 1n'd1(':a.tes the filter service life.

Japanese Patent Laid-Open No. 61-138543 discloses a filter

i EE“ | ACEMENT SHEET
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First version of the invention: A chemical filter unit, which

conprises a filter

medium formed by lamnating a plurality of fiber sheets

and a housing for containing the filter nedium said filter nedi um having
a gas inlet open on one face of said housing and a gas outlet open on
another face substantially opposite to said gas inlet; and gas passages to
al | ow t henedigw pbtayredbyngestHdddas dflapingtei HumesdhbEtvelgiydngas
passages being formed between two of said fiber sheets adjacent to each

ot her; wiaH@ gheehe ety séfAes phcn jobf exahande IFLbeT neth tahniigg

300 eg/nferr] or nore. The gas passages allow the raw gas to
f 1 ow mai rAheedl-onpwever. the filjrdrmediugfis Heed iibahestraass lewmstthedt i ng t he
filter medium This nmeans that the flow of the raw gas through the

filter neidivpd¢lsa ga§ iphedificen thiegfirontSiled fadsofthadtiditerimedigmned

substantially by

fi ber sheets only, the adsorption capacity of the

filter neth Ghe back sheet face. The technigue does not state any method

for lessening the pressure loss of the filter using the filter
medium or any method for increasing the substance adsorption
capacity per unit volume of the filter medium which indicates the
filter service life.

Japanese Patent Laid-Open No. 60-183022 discloses a filter
composed 6f cation exchange fibers for arresting mutagenic
substances in air. However, the filter medium is used in the
crossflow method. The technique does not state any method for
lessening the pressure loss of the filter using the filter medium
or any method for increasiné the substance adsorption capacity

per unit volume of the filter mgdium which indicates the filter

. service life.

Japanese Laid-Open No. 8—24564 discloses a filter unit
containing”ion exchange fiber sheets. However, the technique
does not state any method for lessening the pressuré loss of the
filter in the filter unit or any method for increasing the
substaﬁdggdsorptioﬁcapacityparunitﬁblumeofthefi;termedium
which i\ndi’catc;s the filter service life. |

Théféfore, the above prior art cannot meet the demand in

the above technique field._
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can be kept at 300 eg/nferr][err] or nore and the pressure |oss of the
filter medi um can be kept small. The adsorption capacity
refers to, the amount of plus charged 10 particulates, m st and gas
adsorbed per unit volume (1 nferr]) of the filter medi um under

chem cal bal ange. For exanple in the case . . _qof active carb fibers
carrying phosﬁlﬁkﬁ ngﬁ‘éﬁ: g’,fn?]ﬁ% ﬂ&&?&f‘ﬁt‘r’b‘ﬁ"“tlon l%&ﬁae}f?‘{llvdfeesacélrﬁg?%{ ed from
the total wej ght. of the carried hqosphoric acjd, based on the maxi num
bal anci ng"®apZ0%t S 93EHT &“9159’St\‘1’vﬁ‘e‘?f’l§?qlet‘?1fgrf3§%%‘ﬁw g‘? 2PN react ed

to formsalts. In the case of ion exchange fibers, the ion
exchange é‘a’B%\‘?:qty IS the adsorption capacity. The nethod for neasuring
the ion exchange capacity is not specified. In general, a filter

nedi um withe Breeerailnvenphet MFovddesid S tenyndiusdd 18 Feak? in an
acid 20 or alkali with a known normality, and the residue is neutralized
for titrafh@nadsorption capaetlshPh dhs; 6hlg?rt‘}‘f§31i”|'1\/€ﬁt“¥’6¥ﬁd to the A
chemcal filter unit, according to the first version, wherei n when the
aver age fFelveRtigdialyfattampegad andd epalbfin Rge pressure loss of the

filter medium compared to the conventional filter media.

To solve the above problems, it has been considered to increase the quantity of the
filter medium per volume, but this method does not solve the latter problem. To solve the
latter problem, it has been considered to decrease the quantity of the filter medium per
volume, but this method does not solve the former problem. The present invention solve

these contradictory problems all at once.

Discl £ t1 . £1
First version of the invention:
A chemical filter uhit, which comprises a filter medium

formed by laminating a plurality of fiber sheets and a housing

for containing Fhe filter medium, said filter medium having a gas inlet open on one face of
said housing and a gas outlet open on another face substantially opposite to said gas inlet;
and gas passages to allow the flow of gas along surfaces of said fiber sheets;said gas
passage's‘ being formed between two of said fiber- sheets adjacent to each other; wherein

"the adsorption capacity of said filter medium is

~
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25 gas flowng fromthe gas inlet to the gas outlet is 0.5 m sec,

6
with

| ess.
filter

the pressure loss of the flowng gas by the filter

medi um

a depth of 70 nmin the gas passage direction is 3 nmAq or
Third version of the invention: A chemi cal

unit, according to the first or second 5 wversion, wherein the

fibers conRiTEPMPReHETRFbEPals gEplanafion with rasPecEdlq fhameligdead acti ve
carbon fibers (for exanple, active carbon fibers carrying phosphoric
acid) or ibWeaKdeange fibers, preferably ion exchange fibers.
The ion exchange fibers used here will be described later 10 in detail.

It is preferable that the fiber sheets are formed by scooping
short fibers of 0.1 to 10 mm in length; such as filter paper using
a wire cloth. It is preferable that the areal unit weight of the
fibers of the fiber sheefs is in a range of 30 to 1000 g/m2, and
a more preferable range is 50 to 500 g/mz. If the fiber sheets
are post-processed by folding or thermal bonding, etc., an
especially preferable range is 100 to 300 g/m2.

The fiber sheets may also have any other material than the
chemicaliy modified active carbon fibers and ion exchange fibers
mixed. For improving paper fomabi_lity, long £ibers of cellulose
or pulp, etc. may be mixed to some extent. Inorganic fibers can
also be mixed. When other materials are mixed, it is preferable
that the amount of the chemically modified active carbon fibers
or ion exchange fibers is 50 wt% or more. '

It is important that the filter medium is a three-dimensional
structure formed by a laminate comprising a plurality of fiber
sheets, a;_x_d that gas passages from oné face of the filter médium
to the corresponding othér face are formed_ between the adjacent

fiber sheets.

‘The gas passages can be formed by laminating undulating £ iﬁer

.sheets. -For example, corrugated structure, honeycomb structure,

simply wavy structure and their combinations, etc. can be used.

Corrugated fiber sheets can be preferably used.

REPLACE}
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Fourth version of the invention: A chemcal filter unit,

according to any one of first to third versions, wherein the filter
mediumis inmobilized in the housing substantially only by the
resiliency of the plurality of fiber 15 sheets. That the filter
medi um i s i moBi FPTEMadgdshearnd ganya il javy a flat £hbey sdieeitehbinet) t he
plurality of the fiber sheets neans that when the filter unit is used,

t he means i®FONERFhuitinghe woeptbef corrugghedfsbandheapmbtorvigytite fil ter
mediumin the housing do not 20 evolve any gas to decrease the effect of
gas cl eani®rfia)For exanpl e, if the fiber sheets are |an nated
adhesi ve or supported in their formby any other organic mater
if the filter Aeckrugated boardivgthi animgbtdni tegoloduced yefebding 2 figershedigeameadhesi ve,

then any gas to

25
7

O ber cenugitingsmediuh Hgetyrea stevat rotating nbilo withi urdulaéngl e GEice b &6l
prepare a corrugating medium. The corrugating medium is then sent by a rotating roll
which is corrugated on the surface like the corrugation of the corrugating medium, while
a fiber sheet destined to be a liner is sent by a roll flat on the surface installed in opposite
to the rotating roll. The corrugating medium and the liner are pressed together by both
the rotating rolls, to produce the intended corrugated board. The fiber sheet destined to

be a corrugating medium can also be a laminate comprising a plurality of fiber sheets.

In the above, if a powdery or fibrous heat fusible polymer
is contained in a:t least either of the fiber sheet destined to
be a corrugating medium or the fibr.ous sheet destined to be_ a iiner,
the heat fgsible polymer is meited by heat when the corrugating
medium and the liner are pressed together by the __ro.tating rolls,
.to ef-.fectively integrate-the c_orrugating medium and the l_iﬁer.

'I:he_hea’c fusible _i)olynief is-only required to be ‘a polymer
with a melting point 1bwer than that of the fibers. mainly used

in the flber sheet, for example, polystyrene oxr poly o - olefin

forming the ion exchange fibers and is not especially 1:Lmited.

using an
Il al or

decrease the effect of air cleaning may be evol ved.
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bel ow in nore practical explanation with respect to the present invention.
It is preferable that the fiber sheets are fornmed by scooping short fibers
~of 0.1 to 10 mmin length suchasfilterpaperusing a wire cloth. It is .
preferable that the areal unit weight of the fibers of the fiber sheets is
in a range of 30 to 1000 g/nferr], and a nore preferable range is 50 to
500 g/ n2. erpmphe- f iTher fHeat nih P hast 2 fridces eaf r-FonERHYL I POKer mal
bonding, etc., an especially Erefere}ble range is 100 to 300 g/nferr].
The fiber 22hEeY SREP1RIRS chavLtaR ediNar 2hanerd LOVERAPR Ré teKOeEal |y
nmodi fied active carbon fibers and ion exchange fibers mxed. For inproving
paper for i FLlter meAdunr priaigringePpPY| D5 &LteF Hhif FlléeE. mefiythE@lni xed to
sone extent. Inorganic fibers can also be mxed. Wen other materials are
ni xed, it has peed cmaiiedledhin thse fakbantmestiumheortaifiiog P9xmdi f Oad active
carbon fibers

the opposite faces of the filter medium-containing box 22 and the

cover box 23, openings 24 and 25 for allowing the passage of -gas

are formed respectively.

Before the filter medium 21 is installed in the filter
medium-containing box 22, a rear aluminum screen 26 and a rear
non-woven fabric 27 are installed in the'filter medium-containing
box 22 in this order. Then, the filter medium 21 is pressed in
the direction indicated by an arrow 28, and installed in the filter
medium-containing box 22 in a compressed state.

Before the cover box 23 is installed to cover the filter
medium-containing box 22, a front non-woven fabric 29 and a front
aluminum screen 30 are installed in this order. Then, the cover
box 23 is installed to cover the filter medium-containing box 22.

The movement of the aluminium screen 30 and cover box 23 toward the filter medium-

containing box 22 is indicated by an arrow 32. Both of them are
fastened by fasteners (not illustrated). Thus, the filter unit
of the present invention as an example is completed. The filter

medium-containing box 22 with the opening 24 and the cover box

23 with the-opening 25 form the housing of the present invention.

A Y

Example
Ion exchange fibers: | -
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or ion exchange fibers is 50 wt% or nore. It is inportant that the
fi'lter mediumis a three-di nensional structure fornmed by a |am nate
conprising a plurality of fiber sheets, and that gas passages from one
face of the filter nmedium to the corresponding other face are forned
between the adjacent fiber sheets. The_gas passages can be forned by
| ami nati ng ontWEst amd ifinpesed dheetsedipprhwdcamiie sdotiogAedeseFikedr e,
honeyconb structure, sinply wavy structure and their conbinations, etc.
can be usedfor Gherinaerchdidsef ibbrmt §0 Meashae el B hapgicapacity
J~~ e | - A corrugated board can al so have a flat fiber
sheet (|inepdr sampleomeaghtwi Thet hen cxetandef ceprifyaad i bernedidet s
(corrugating
. Filter unit:

From the obtained corrugated board, many sheets having a
width of 590 mm x a length of 70 mm sheets were.cut out in the
state of that the gas passages are positioned in the length
direction. These corrugated sheets were piled with the gas
passages kept in the same direction, and compressed as a 590 mm
in width x 590mm in height (H) x 70 mm in depth (L) filter medium,
being installed in the aluminum housing, to produce a filter unit
of the present invention. In Fig. 5, the height of the filter
medium is expressed by symbol H, and the depth of the filter medium,
by symbol L.

The total weight of the filter medium installed in the filter
unit was 6050 g. The ion exchange capacity per unit volume was
360 eq/m3.

An ammonia adsorbability test of the filter unit of the
present invention is described below. The testing systemis shown
in. Fig. 6. In Fig. 6, the testing system 40 is chPOSed of a fan
42 for introducing open air 41, an active carbon chemical filter

43, a HEPk filter 44, a gas mixer 46, a filter unit 48 of the present
invention and an exhaust pipe 50. These components are arranged
from left to right in the drawing, and connected by a gas feed

pipe 51 respectively. The gas feed pipe 51 between the HEPA filter

19




medi a) . A corrugated board with a liner can be produced by feeding
a fiber sheet destined to be a corrugating nedi um between two rotating
rolls with undulating surfaces to prepare a corrugating medium The
corrugating nediumis then sent by a rotating roll which is corrugated on
the surface |like the corrugation of the corrugating nedium while a fiber
sheet desCfnBEF I iR lampinkpnaneesetibe fiiltaroppit |4 e¥ghapged gt sbe
installed in opposite to the rotating roll. The corrugating medi um and the
li ner aretﬁP@s%EdF??ﬁﬁﬂFhé?rb?d¥ﬁﬁﬂ1maﬂﬁ§eP%@%ﬁ4lﬁ?dréPIBPiQ(FQ@ﬁod@bé t he

I nt ended corrugated board. The fiber sheet destined to be a corrugating
nmedi um caRUEPed e 50| dshaeang dimt shagtal teirurelt mpssf bé idxohaglyedt s.

In the above, if a powdery or fibrous heat fus ible polymer is contained
in at | east EBPENEFAf the fiber sheet destined to be a corrugating nedi um
or the fibrous sheet destined to be a liner, the heat fusible polyner is

mel ted by heat when the correqeranegive Example 2

For a marketed filter unit (the width of 590 mm x the height
of 590 mm (H) x the depth of 70 mm (L) filter medium) in which
an ion exchange non-woven fabric obtained by irradiating a
polyolefin filament non-woven fabric with electron rays to form
graft sites and converting the fibers into cation exchange fibers
by graft reaction is installed in a housing together with spacers
formed by aluminum wires, the same test as performed for the
Example was performed.

The ion exchange capacity of the filter mediumwas 2.5 meq/g,
and the weight of the installed filter medium was 2068 g. The
ion exchange capacity per unit volume of the filter medium was
220 eg/m3.

As a result of simulation, the life of the marketed filter
unit was judged to be 586 days, but the pressure loss of the filter
medium was as very high as-6.0 mm Aq.

Since the gas flOW'velodity'had to be kept at the same level
ds that in thel,\ Example, the fan 42 had to be changéd to a fan with |

a'larggr capacity in the test for the filter unit with a higher
pressure "loss.
Industrial Availability
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medium and the liner are pressed together by the rotating rolls, to

effectively integrate the corrugating-nediumand the |iner. The heat
fusible polymer is only required to be a p'olymar with a nelting point

| ower than that of the fibers mai nIy |n the fi ber sheet, for exanple,
pol ystyrene or poly- a -olefin for nge fibers, and is not
especially limted. I t can Was required froml ow

mel ting pgLAIMSO! yners such as pol yest ers ’p ol efins, vinyl

polyners, etc. The form of the heat fusi bIe pol yner contained in the
fi ber sheet is not especially limted. However, considering the

easi ness of m A ¢gemibalvilteh uhifewhiom cemheexga fiiteb eesliuar faticdviey atibating’ aber s
and paper e t.hat eat fusibl e

1 PAPe BRI 8 fiber snaets and  hefsie or SpotAing R PR etl. 355 AR OF
300 eqg/nferr] efedium having a gas inlet open on one face of said housing and a gas outlet
open on another face substantially opposite to said gas inlet; and gas passages
to allow the flow of gas along surfaces of said fiber sheets, said gas passages
being formed between two of said fiber sheets adjacent to each other; wherein

the adsorption capacity of said filter medium is 300 eq/m® or more.

2. A chemical filter unit, according to claim 1, wherein the average flow velocity of
~ said gas flowing from said gas inlet to said gas outlet is 0.5m/sec at said gas inlet
and the pressure loss of said flowing gas by said filter medium with a depth of 70

mm in said gas passage direction is 3 mm Aq or less.

3. A chemical filter unit, according to claim 1, wherein the fibers constituting said
fiber sheets are ion exchange fibers, and the adsorption capacity is the ion
exchange capacity.

4, A chemical filter unit, according to claim 3, wherein said ion exchange fibers are
islands-in-a-sea conjugate fibers.

5. A chemical filter unit, according to claim 4, wherein said ion exchange fibers are
cation exchange fibers.

6. A chemical filter unit, according to claim 5, wherein the sea component of said
islands-in-a-sea conjugate fibers is a polystyrene based polymer.

7. A chemical filter unit, according to claim 1, wherein 50 wt% or more of said fiber
sheets are fibers of 0.1 to 10 mm in length.

8. A chemical filter unit, according to claim 1, wherein said filter medium is
immobilized substantially only by the resiliency of said plurality of fiber sheets.

24




nore can be obtained by using chemically nodified active carbon 10 fibers
(for exanple, active carbon fibers ca I ng phosphoric acid), or ion
exchange fibers as the fibers form ng[/!ﬁﬂmmml sheet s. I t
is preferable that the ion exchange fi ¢ /Hﬂgé/ﬂ#n pol ystyrene.
It is nmore preferable that they are conjugate Fi 15 consisting of a

polymer with ion exchange groups introduced into crosslinked

i nsol ubi lized polystyrene and a reinforci.ng, polyner . Q.. a. .

pol yol ef i r%z K Cﬁem'xa'%@e%’e\'gp%ﬁcﬁ'é’lm Brdan e Y"bé?e{“o%@‘#. ﬁBE’g?h‘%t‘é eentained i cul ¢
to form f iheat fasiblethatprialcandsaid plueality offibee shaxtd ard laminapsy byothednsigg by

20 pol ystyr:nr&gﬁaﬁgaﬁqég%d{jé}%%%bt aining fibers with nechani cal

properties, is used to be conjugated with
pol ystyrene. It is preferable that the water content of the ion
exchange fybhers,is.in a range of .1.0 to 5..0. The water content, is
obtained 5 @yggwginﬁgsytsf‘?én's%%‘fr@qgi Befradugtion rﬂg{nﬁ;ﬁa(@s tlesr feht i on
(ani on) supplying a clean gas to the production, room, wherein the gas cleaner contains

the chemical filter unit stated in any one of claims 1 through 9.

11. A gas cleaning system, according to claim 10, wherein the production room
contains an LS| production process.

12. A gas cleaning system, according to claim 11, wherein the production room
contains a photolitho process in said LSI production process.

13. A gas cleaning system, according to claim 11, wherein the production room
contains a chemically amplified resist process in said LS| production process.
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10 exchianger sufficiently in ion exchange water, renoving the
wat er on the surfaces by centrifugal dehydration, neasuring the weight
(W inmmediately, drying the sanple, neasuring the weight (W) after
drying, and calculating fromthe following formula using 5 the neasured
val ues. vateri o ent = (W - VI»/VM%".|. It is preferable that the

di aneter of thé&'ion exchange fi bey Qo & I n4a range of 15 to 100 [err]m
in adry state. A nore prefggabl -.“...ﬁ)eg, is 20 to 70 [err]m and a
further nore preferable range | s@‘.'.‘gf- 0 [err]m If the dianeter is
in this range, the specific i@‘m’_@.‘ﬂ a,3s a fi ber sheet can be
enhanced. The conjigga -‘32; thé_ pol ymer to have ion exchange
groups introduced and the reinfor Q‘-‘*l‘ i 1&5 not especially
Fig.5 ,
["T1 28

{TTTTTTTI SITozIo --’I’---""“::::::::'.:::':::: _________

1 A s'

E 3 ;

| O O s O Lo J -4 ;
~ — AR ;

| 32 i

| H E

25//i E\\E4

1 1

.?---[ ————— 7 ;.:::_::_ ______ X _‘:_::::::::::::2‘“:: "‘"Z""“r

7/ TN 1\

23 30 29 21 27 26 22 20

Fig. 6

43 44 46 40 48 50

2/2



limtes: C8e-sheath type conjugate fibers consisting of an ion T3
exchange pol yner as the main sheath conponent and a reinforcing 35
polymer as the core conmponent can be preferably used.

| sl ands-i n-a-sea-type conjugate fibers belong to the core-sheath type
conjugate fibers, and are especially preferable si nce they have hi gh

t oughness and hi gh bondability be mer to have ion
exchange groups introduced and the relnﬁbr0|ng polymer. 20 Blend type
conjugate fibers in which both the polyners are bl end- spun can al so be
preferably used. Pol ymer s whi ch can be used as the reinforcing
pol ymer include ol y- -olefins oly pol yesters,

pol yacrylic conpouﬁHEQICXL £E¥% RAH%%B @%QH$A§O¢¥EAT ]SY%#EM ins are

preferable since they are 25 excellent in chem cals resistance.
The poly- a-ol efins include pol yethyl ene, polypropyl ene,

5 Technical Field
The present invention relates to a chemical filter unit and
a gas cleaning system.
The present invention relates to a chemical filter unit and
a gas cleaning system which can decrease the chemical pollutants
10 in a gas, particularly in the air supplied to a clean room, clean
booth or clean bench, etc. (hereinafter called a closed clean
space) to very low levels by using ion exchange or electric charge
adsorbing action, are low in the pressure loss of the gas to be
treated and can be used for a long period.
15 Background Arts
In recent years, in the electric and electronic industry,
biochemical industry, etc., the demand for closed clean spaces
is sharply increasing. With the improvement of production
techniques in the respective industries, the demand for cleanness
20 becomes very severe. In this connection, techniques for
analyzing pollutants are also improving dramatically in these
years. As a result, the necessity of removing conventionally
overlooked substances has been noticed.
The conventional cleaning of air in closed clean spaces is
25 tomainly remove solid particulates by using particulate removing
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pol y- 3- net hyl but ene- 1, pol y-4-net hyl pentene-1, etc. Anong them

pol yethylene is preferable since it is excellent in strength and
production conveni ence. 5 The fibers are cut into short fibers with
an appropriate | engt h, and have ion exchange groups introduced into
the ion exchange pol yner portions. The ion exchange groups can be

h | | h h
Cength of TRECRRRr (SThore | BopAr SREFEERY" G "7, BEARRR cf, sobic,

likely f the f fib f d
A |eongarPieﬁaﬁeéﬁr&ﬁ&"ecqrﬁ%ﬁﬂ%g 9 Ehe SXtrenqlyposacbie SFFREIy 1o

be | ess honmpgeneous unpreferably. is preferable that the | engt h of
the short fiberBoveven. itrhagdeen fO‘Gﬁd ¢hatywnen the alr dHr 2 clesee akpan
range is 0.3 to 5 nmm and a 15 further nore preferable range is 0.3 to 1
mm spacer b$ ensdd yeyrskeiccaliliyo rthaoontgin gid. 1greosns siomel ofiethermhgtpast c
ani on exchange groups obtained by treating a hal oal kyl at ed conpound

using @ teghbabilsathBRisdih sibsitfdn®RIshydoidEne@ndn WeBkl ir ardasa€héri on
exchange groups obtained by treating using a secondary
concentrated to levels higher than those in open air. The reason
is that in the conventional cleaning of air, the necessity of
removing misty or gaseous chemical substances contained in the
air has not been noticed, and therefore that the conventional air
10 cleaners did not have such a function.

In the electronic industry where products like very large
scale integrated circuits are produced, the necessity of removing
the chemical substances began to be noticed. Especially in the
photolitho process, the phenomena that the yields of products are

15 lowered by the presence of these chemical substances have been
-found, and the necessity of developing chemical substance
removing techniques of a concept quite different from that adopted
in the conventionally used HEPA filters has been noticed.

Especially it is demanded to develop techniques for removing

20 ammonia and amines such as organic amines. Ammonia causes haze
and dielectric breakdown in the product, and its presence greatly
lowers the yield of the product.

In the chemically amplified resist production process of the
photolitho process, protons are generated in the reglons

25 irradiated with light as a chemical amplifying agent, to éromote,
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20 or primary am ne such as isopropyl am ne, diethylam ne, piperazine

or norpholine. To preferably achieve the object of the present

i nvention, a strongly basic ani on exchange group is nore pr ef er abl e.
If a filter nedium conposed of ani on exchange fibers is used, 25 the
adsorption capacity of the present invention is the anion

é>2<change gr oups ?%%% e s&?‘?@ﬁ?ﬂé &evgloper.gr%gégi‘& %géh%hf%mgg é%nFS'Ups
oo e AR fforaea. "SGR A e it SHES. e BPacgan
am nes in the raw gas
protons are neutralized to vanish, and the dissolution into the
developer in this portion is inhibited. This causes a very
5 serious trouble called T-TOP failure.

This phenomenon occurs when the ammonia concentration in air
is as very small as several parts per billion. The ammonia
concentration of the air to be treated is usually tens to hundreds
of parts per billion, though different from place to place. To

10 solve the problem, it is necessary that the ammonia concentration
in the cleaned air is 5 ppb or less.

LST manufacturers are required to solve this problem, and
desire the development of any filter unit which can keep the
ammonia concentration in the air of a closed clean production

15 space as very low as possible.

Japanese Patent Laid-Open No. 1-317512 discloses a method
for removing sea salts (including ammonia) in air by letting the
air pass through a filter medium containing ion exchange fibers.
However, this technique does not state any possibility of removing

20 ammonia by adsorption down to a very low concentration (order of
ppb), or any method for lessening the pressure loss of the filter
using the filter medium, or any method for increasing the
substance adsorption capacity per unit volume of the filter medium

which indicates the filter service life.

25 Japanese Patent Laid-Open No. 61-138543 discloses a filter
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(air). exist as plus charged particul ates, m st and gas. To effectively

adsorb themfor renoval using the filter unit of the pr esent
invention, it is preferable that the ion exchange groups are cation
exchange groups, and sulfonic acid groups are nore 10 preferable.

When a filter medium corrposed of cation exchange fibers is used, th

adsor pti 0%&&9&8'&%#’%&&‘% S&%Ibag% .ll.ﬁa]i:geforxaedc ﬁ%}hﬂ{%
capacity on ex ang er can e produce exanpl-e
15 crossli n:t;%n and ins Bbl %‘%1 nJe st og{éﬁes of
conj ugat e ¥¥ %‘%%'ﬁ%l %’?Ql?ﬂ; fS éep% ﬁ'g g’ba%’é%’%% ran%ontalnjepg
poly-a-olef in by fornaldeg%de in the presence of an acidic cat al
and i nt r odtRe9%- d Wuis w5ed inhghe crosgslowime
portions. 20 I t is prefer abI e that the anobunt of ion exchange groups
i nt r oducedin ¥hdch awwsgle fedof xomdbedfoont sbegtyf aee gifit thd flilllferypedium and
a nore preferable range is 1.0 to 10 neg/g. The housi ng of the
filtersnmedieirilies balckl shsatpface A IMve vethnique does not state any method
for lessening the pressure loss of the filter using the filter
medium or any method for increasing the substance adsorption
capacity per unit volume of the filter medium which indicates the
filter service life.
10 Japanese Patent Laid-Open No. 60-183022 discloses a filter
- composed of cation exchange fibers for arresting mutagenic
substances in air. However, the filter medium is used in the
crossflow method. The technique does not state any method for
lessening the pressure loss of the filter using the filter medium
15 or any method for increasing the substance adsorption capacity
per unit volume of the filter medium which indicates the filter
service life.
Japanese Laid-Open No. 8-24564 discloses a filter unit
containing ion exchange fiber sheets. However, the technique
20 does not state any method for lessening the pressure loss of the
filter in the filter unit or any method for increasing the
substance adsorption capacity per unit volume of the filter medium

which indicates the filter service life.

Therefore, the above prior arts cannot meet the demand in

P L
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25 the above technique field.

This Sheet Has Been Replac

[T —




a cover. The top of the cover and the bottom of the box have 25 openings
to all ow the passage of the gas. The cover is coupled

13 with the box after the filter nmediumis installed in the
box. It is preferable that the filter nediumis installed in the
housing in a conpressed state, and that its resiliency for restorlng

its original forRd gpYyeed H€Tth és”ﬁ}%éér?ﬂ et sl &grmw descrl ptlon

housi ng, Ww t hout using any ad

f
Sheet eué’éﬁﬁnn'lgcsand 2 98% PHEBRLN T RERRPIecH SARRSORISH B8 the ahas o

Fig. 21is ective view showing a filter nedlun1used 10 in the
filter unlt e present invention as an exanpl e.

The present invention provides a filter unit very large in

5 the adsorption capacity of the filter medium compared to the

conventional filter media and small in the pressure loss of the
filter medium compared to the conventional filter media.

To solve the above problems, it can be considered to increase
the quantity of the filter medium per volume, but this method does

10 not solve the latter problem. To solve the latter problem, it
can be considered to decrease the quantity of the filter medium
per volume, but this method does not solve the former problem.
The present invention solve these contradictory problems all at
once.

15 Disclosure of the invention

First version of the invention:

A chemical filter unit, which comprises a filter medium
formed by laminating a plurality of fiber sheets and a housing
for containing the filter medium, and has a gas inlet open on one

20 face of the housing and a gas outlet open on the other face
substantially in opposite to the gas inlet, characterized in that
gas passages to allow the flow of the gas along the surfaces of
the fiber sheets are formed between the respectively adjacent
fiber sheéts of the filter medium from the gaS inlet to the gas

25 outlet, and that the adsorption capacity of the filter medium is
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Fig. 3 is a perspective view showing a filter nmediumused in the

filter unit of the present invention as another exanple. Fig. 4
is afront viewof a filter nediumused in the filter unit of the
present invention as a further other example. 15 Fig. 5is an

expl oded side view showi ng the filter unit of the present invention as
an exanpl e. . 6 is a schematic side view show ng an ammoni a
adsor babi | 18P NETL ngfrs for the chem' cal filter used in the

filter unit of the present invention. The Best Enbodi nents
of the Inventiorf® 925 Passgges 4liqw t@?aﬁﬁ\"e%a%ftq RAOKrBAERLY iFhN itHe are
descri bed bel ow, but the present invention is not limted thereto or

thereby. surfaces gf gheif ipmeheetsinansdtidatt ingethé 6 ltermediume fHhitser
medium 25 of the filter unit of the present invention as an exanple. The
14 means that the flow of the raw gas through the filter medium is

5 parallel flow. Since this structure is formed substantially by
fiber sheets only, the adsorption capacity of the filter medium
can be kept at 300 eq/m3 or more and the pressure loss of the filter
medium can be kept small.

The adsorption capacity refers to the amount of plus charged

10 particulates, mist and gas adsorbed per unit volume (1 m3) of the
filter medium under chemical balance. For example in the case
of active carbon fibers carrying phosphoric acid, the adsorption
capacity i1s calculated from the total weight of the carried
phosphoric aci_d, baéed on the maximum balancing capacity achieved

15 When all the reactive groups have reacted to form salts.

In the case of ion exchange fibers, the ion exchange capacity
is the adsorption capacity. The method for measuring the ion
exchange capacity is not specified. 1In general, a filter medium
with a certain capacity is cut off and caused to react in an acid

20 or alkali with a known normality, and the residue is neutralized
for titration.

Second version of the invention:

A chemical filter unit, according to the first version,
wherein when the average flow velocity at the gas inlet, of the

25 gas flowing from the gas inlet to the gas outlet is 0.5 m/sec,



fiber sheet 1 is fornmed by scooping short fibers 2 by a wire cloth to
form paper, and after paper formation, it is processed to have a
corrugation 3. A plurality of such fiber sheets 1 are | am nated to
forma filter medium In the filter medium gas passages 4 5 are forned
bet ween the respective fiber sheets 1. Fig 2 shows a filter

medi um use n t nj t ent lon_ag.an e | e.
The f11ter CREGPEATUFS %fgnéi;aﬁﬁ efoving MG e 13 o7 pER BB B o
set of fiber_sheets i.s corrugat ed board corrpr|S| ng a fiber sheet 6
as a corrufaffRE? 9% 7°n’€{9|3cﬁnt£‘?dgé’sf Paepagpsttrection iis dopm Ag@rgiess.
passages 8 are forned between the fiber sheet 6 as a corrugating

medi um and the ThaER versigpeef thesimvenhéen: Fig. 3 shows a
filter mediumused in the filter unit of the present invention as
anot her exanpl eA Themichiefiibdrumm@ti saacording to the first or second

5 version, wherein the fibers constituting the fiber sheets are
chemically modified active carbon fibers (for example, active
carbon fibers carrying phosphoric acid) or ion exchange fibers,
preferably ion exchange fibers.

The lon exchange fibers used here will be described later

10 in detail.

Fourth version of the invention:

A chemical filter unit, according to any one of first to third
versions, wherein the filter medium is immobilized in the housing
substantially only by the resiliency of the plurality of fiber

15 sheets.

That the filter medium is immobilized substantially only by
the resiliency of the plurality of the fiber sheets means that
when the filter unit is used, the means for laminating the fiber
sheets and immobilizing the filter medium in the housing do not

20 evolve any gas to decrease the effect of gas cleaning. For example,
if the fiber sheets are laminated using an adhesive or supported
in their form by any other organic material or if the filter medium
is immobilized in the housing using an adhesive, then any gas to
decrease the effect of air cleaning may be evolved.

25 Other versions of the present invention will be described



15 laminate conprising plurality of fiber sheets 10. The respective

fi ber sheets 10 are |am nated to have a honeyconb structure. The

hol | ow portions of the honeyconb formthe gas passages 11. Fi g.
4 shows a filter nmediumused in the filter unit of the pr esent
invention as a further other exanple. The filter nedium 20 12 is forned

b i ndi ted board 15 Y '
cCorrugat | nGote G BAES PTATrcah s Liasa of pEph FEbpect kO IR pEESSRET

the center toward the outside. Between the fiber sheet 13 as a
corrugat i ngnvedtd@tend the fiber sheet 14 as a liner, gas passages 16
are fornmed. 25 Fig. 5 shows the filter unit of the present

i nvention as anIt is preferable that the fiber sheets ang formed by scgggﬁ'ﬂge_
The filter unit 20 has a filter medi um containi ng box
short fibers of 0.1 to 10 mm in length like filter paper using

5 a wire cloth. It is preferable that the areal unit weight of the

fibers of the fiber sheets is in a range of 30 to 1000 g/m2, and
a more preferable range is 50 to 500 g/m2. If the fiber sheets
are post-processed by folding or thermal bonding, etc., an
especially preferable range is 100 to 300 g/m2.

10 The fiber sheets may also have any other material than the
chemically modified active carbon fibers and ion exchange fibers
mixed. For improving paper formability, long fibers of cellulose
or pulp, etc. may be mixed to some extent. Inorganic fibers can
also be mixed. When other materials are mixed, it 1s preferable

15 that the amount of the chemically modified active carbon fibers
or ion exchange fibers is 50 wt% or more. '

It is important that the filter medium is a three-dimensional
structure formed by a laminate comprising a plurality of fiber
sheets, and that gas passages from one face of the filter medium

20 to the corresponding other face are formed between the adjacent
fiber sheets.

The gas passages can be formed by laminating undulating fiber
sheets. For example, corrugated structure, honeycomb structure,
simply wavy structure and their combinations, etc. can be used.

25 Corrugated fiber sheets can be preferably used.
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22 for containing a filter nmedium 21 and a cover box 23 to cover the
filter mediumcontaining box 22 after the filter nmedium 21 has been
installed in the filter nmediumcontaining box 22. On the opposite faces of
the filter medi um containing box 22 and the cover box 23, openings 24 and
25 for allow ng the passage of gas are fornmed respectively. Bef or e

the filter medi | S, 4 d_i iLte [ LRI pgs 22,
a rear alum nun#&%%redr%ﬁhgggﬁr %%fr} éir.lg(e;onfhv?ok’t\?e% ﬁg%?ifé'rﬂze%ogirng?ng%é{? %21 in
the filter nmediymgontaining box 22 in this order. Then, the filter.nedi um
21 is pres:BFIHFe q"n lgl? Fé&%"rﬁﬁ&%&%ﬂlw%igéf’?’a\ﬁhf&tsa%ﬁ%%fH%% in
the filter mediumcontaining box 22 in a conpressed state. Bef ore
the cover B8%123-is installed to cover the filter medi um containi ng box
22, a front non-woven fabric 29 and a front alum numscreen 30 are
installed in thAscordegatéhdoantheidiver lihex @8 ite prodalceddbyofeedingt he
filter mediumcontaining box 22. The novenent of the alum nium screen 30
and coger RofiBértsneetl dssetinéletonpdi dntortadhting ngedDim 2Betwesndtwat ed

by an arrow 32. Both of themare

rotating rolls with undulating surfaces, for preparing a
corrugating medium, and the corrugating medium is sent by a
rotating roll corrugating on the surface like the corrugation of
the corrugating medium, while a fiber sheet destined to be a liner.

10 is sent by a roll flat on the surface installed in opposite to
the rotating roll. The corrugating medium and the liner are
pressed together by both the rotating rolls, to produce the
intended corrugated board. The fiber sheet destined to be a
corrugating medium can also be a laminate comprising a plurality

15 of fiber sheets.

In the above, if a powdery or fibrous heat fusible polymer -
is contained in at least either of the fiber sheet destined to
be a corrugating medium or the fibrous sheet destined to be a liner,
the heat fusible polymer is melted by heat when the corrugating

20 medium and the liner are pressed together by the rotating rolls,
to effectively integrate the corrugating medium and the liner.

The heat fu-sible polymer is only required to be a polymer
with a melting point lower than that of the fibers mainly used
in the fiber sheet, for example, polystyrene or poly- & -olefin

25 forming the ion exchange fibers, and is not especially limited.
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fastened by fasteners (not illustrated). Thus, the filter unit of the
present invention as an exanple is conpleted. The filter nmedium containing
box 22 with the opening 24 and the cover box 23 with the opening 25 form

t he housi ng of the present invention. Exanpl e
| on exchange fi bers: An islands-in-a-sea type conjugate
fiber with.po tyre t C n Y, e
sl and conbbred, 6 Flegtea 3 reiyTFRa SR 10k ARLLERG HEOIM 3061 ARed
conj ugated at. 50 to 50 and_hayi 16 islands was prepared. . The.fiber
was cut atSUgh ag| FﬁtﬁF§D.§°ﬁ¥Pxeggns' vin (??ﬁﬁqeﬁ%f Cght T8¢ T¥ cut
fibers were added into a crosslinking and sul fonating sol ution

consi st i ngobfthre heayy fasgple polymer contained in the fiber sheet is not
especially limited. However, considering the easiness of mixing
5 with the ion exchange fibers or active carbon fibers and paper
formability, it is preferable that the heat fusible polymer is
fibrous. |
A filter medium with an adsorption capacity of 300 eq/m3 or
more can be obtained by using chemically modified active carbon
10 fibers (for example, active carbon fibers carrying phosphoric
acid), or ion exchange fibers as the fibers forming the fiber
sheets.
It is preferable that the ion exchange fibers are based on
polystyrene. It ismore preferable that theyare conjugate fibers
15 consisting of a polymer with ion exchange groups introduced into
crosslinked insolubilized polystyrene and a reinforcing polymer
(e.g., a polyolefin).
Since polystyrene has low toughness, it is difficult to form
fibers with practically endurable mechanical performance by
20 polystyrene alone. So, for obtaining fibers with mechanical
properties, a reinforcing polymer is used to be conjugated with
polystyrene.
It is preferable that the water content of the ion exchange
fibers is in a range of 1.0 to 5.0. The water content is obtained

25 by immersing the sample fibers as a Na type (Cl type) cation (anion)

10



vol ume of marketed grade 1 sulfuric acid and 0.07 part by wei ght of
par af or mal dehyde, for reaction treatnent at” 90[err] C for 4 hours. 10
After conpletion of reaction treatnment, the cut fibers were treated by
an alkali and activated by hydrochloric acid, to obtain cation
exchange fibers with sulfonic acid groups The cation exchange

fibers .
ml1iequi v% htaql;béa réﬁ%?g@@gnt gai con n:fct?%n%egt CLFﬁ:é 3 gﬁﬁ tri%water
capacity was asure acc to the follown Jgram

. . 03]
of cation &&kh ﬁg%“‘? ‘é’aﬂ%‘bg?% deRydrajsion., meﬁs'iﬂlggdi?ktﬁnwelg%
hydr oxi de, d the mxture vvas shaken for 2 hours e rs of
t%e sol uti d rs\/\/é'é“"t%?eéﬁd FEaEng theq segple. meplsp,r&pgoﬁ.he i r(R"'IO

result, the exchange capacity was 20 cal cul at ed. The cut fibers
converted iafitexNdnoyipg.( €hdt gpeyuleting fromutie diciidwingnferseda msiog
exchange water, and dewatered by a centrifugal dehydrator, and the

wei ght W tife mMeasurted iMadnueswasWater oceasened= (WurtWg)i¥pe, the cut
fibers were dried at 60[err]C for 48 25 hours in a dryer, and the weight

(W) of the cut rfd PEI3-MRTARHNEE the diameter of the ion exchange fibers

1s in a range of 15 to 100 Um in a dry state. A more preferable

range is 20 to 70 um, and a further more preferable range is 30

to 50 Um. If the diameter is in this range, the specific surface
10 area as a fiber sheet can be enhanced.

The conjugated form of the polymer to have ion exchange
groups introduced and the reinforcing polymer is not especially
limited. Core-sheath type conjugate fibers consisting of an ion
exchange polymer as the main sheath component and a reinforcing

15 poiymer as the core component can be preferably used.
Islands-in-a-sea-type conjugate fibers belong to the core-sheath
type conjugate fibers, and are especially preferable since they
have high toughness and high bondability between the polymer to
have ion exchange groups introduced and the reinforcing polymer.

20 Blend type conjugate fibers in which both the polymers are
blend-spun can also be preferably used.

Polymers which can be used as the reinforcing polymer include
poly- & -olefins, polyamides, polyesters, polyacrylic compounds,

etc. Among them, poly--olefins are preferable since they are

25 excellent in chemicals resistance.

11



17 Fromthe formula (W- W)/WO, the water content of the cut
fibers . was obtained. Paper form ng: The obtai ned ion
exchange fibers, heat fusible fibers (a 5 polyester with a low nelting
poi nt, trade name "Sofit N720" produced by Kuraray) (1 mm|long) and
Mani | a henp (10 rrmlong) as a paper formng aid were mxed at a ratio

of 60 : 20 : 20, _an formed into by a rotar fllter cIo

| arge paper machT}h% poly Rt )dﬁlalP @#}%?g?wled{ey'er er{%

bei ng wound as a fiber sheet (0.55 mmthick). Fromthe fi ber
sheet, a 3 E%Xq%a’ﬂﬁtgﬁ%‘ét%ﬂ ePRAY - éafnegpylpentene 1, etc. Among them,

polyethylene is preferable since it is excellent in strength and
production convenience.

5 The fibers are cut into short fibers with an appropriate
length, and have ion exchange groups introduced into the ion
exchange polymer portions. The ion exchange groups can be either
cation exchange groups or anion exchange groups.

The length of the short fibers is optional. If they are too

10 short, fibers are likely to come off from the formed fiber sheet
unpreferably, and if too long, the ion exchange reaction in the
fiber sheet is likely to be less homogeneous unpreferably. It
is preferable that the length of the short fibers is in a range
of 0.1 to 10 mm. A more preferable range is 0.3 to 5 mm, and a

15 further more preferable range is 0.3 to 1 mm.

Preferably used anion exchange groups include strong basic
anion exchange groups obtained by treating a haloalkylated
compound using a tertiary amine such as trimethylamine, and weakly
basic anion exchange groups obtained by treating using a secondary

20 orprimaryaminesuéhasjsopropylamine,diethylamine,piperazine
or morpholine. To preferably achieve the object of the present
invention, a strongly basic anion exchange group is more
preferable.

If a filter medium composed of anion exchange fibers is used,

25 the adsorption capacity of the present invention is the anion

12



and i mrersed in a sodi um hydroxi de solution as described for the I on

exchange fibers, to neasure the ion exchange capacity per sanpl e

wei ght. The ion exchange capacity was 1.5 neq/g. 15 Corrugating:

The obtai ned fiber sheet was corrugated by a corrugator (a single
facer for No. 5 corrugated fiberboard). In the corrugator, a rotating
roll wth a gorrugatin suQIace (120 to 130 C), a fiber sheet desti ned
to be a corr%ﬁf ?éﬁfrﬁéﬁqﬁﬁ ¥ fiber sheet destined 20 to be a liner and a

rotating pressure roll with a flat surface wer e JQ%@L§Q fi$n1t0p L%.
bottomin this orfd&feratd¥ pped cafdon exchange graugs Iy tBrr BBAFiIaTS
medi um and the fiber sheet destined to be a liner were passed between
the rolls, @RPYRessphHospherkher acid gyoupst SAFbpKE¥digr &cithtgrqups and
corrugated board. 25 From the corrugated board, a 2 cm square sheet
sanpl e was aminocarboxylic acid groups such as imBnhodiacetic acid groups.

5 The ammonia and amines such as organic amines in the raw gas
(air) exist as plus charged particulates, mist and gas. To
effectively adsorb them for removal using the filter unit of the
present invention, it is preferable that the ion exchange groups
are cation exchange groups, and sulfonic acid groups are more

10 preferable.

When a filter medium composed of cation exchange fibers is
used, the adsorption capacity of the present invention is the
cation exchange capacity.

Ion exchange fibers can be produced, for example, by

15 crosslinking and insolubilizing the polystyrene portions of
conjugate fibers consisting of a polstyrene based compound and
a poly-Qa-olefin by formaldehyde in the presence of an acidic
catalyst, and introducing designed ion exchange groups into the
polystyrene portions.

20 It is preferable that the amount of ion exchange groups
introduced is 0.5 meq/g or more based on the dry weight of fibers,
and a more preferable range is 1.0 to 10 meqg/g.

The housing of the filter medium 1s, for example, a box with
a cover. The top of the cover and the bottom of the box have

25 openings to allow the passage of the gas. The cover is coupled

13



cut off and imersed in a sodi um hydroxi de solution as described for the

I on exchange fibers, to nmeasure the ion exchange capacity per sanple

wei ght. The ion exchange capacity was 1.45 nmegq/g. Filter unit: From
t he obtai ned corrugated board, many sheets having a wdth of 590 mMm x a

| ength of 70 nm sheets were-cut out in the state of that the gas passages

are positioped. ip the Lengih. di eifltﬁi?%% med'fif L0 el et & Nt th s &k

piled with € gas  passages kep sare ditection, and conpressed as
a 590 mm in widith x 590 i n_hej ght X0 mmin depth (L) .Lilter

medi um  bei ng ifn'étiaﬁ PEgLrRabAs %Fﬁ%ﬁﬁ&ggﬁf&?é’r‘ﬂnér%&ﬂgga&lﬁll T3 Rf ¢
of the present invention. In Fig. S, the height of the filter mnmediumis
expressed byousghhg| 1R, anecnpregited hstatehe and thathedtamresdyiepeyolfer

The total weight of the filter nmediuminstalled in the filter
restoring its original form is used for immobilizing the filter

5 medium in the housing, without using any adhesive.

Fig. 1 is a perspective view showing a fiber sheet used in
the filter unit of the present invention as an example.

Fig. 2 is a perspective view showing a filter medium used

10 in the filter unit of the present invention as an example.

Fig. 3 is a perspective view showing a filter medium used
in the filter unit of the present invention as another example.

Fig. 4 is a front view of a filter medium used in the filter.
unit of the present invention as a further other example.

15 Fig. 5 is an exploded side view showing the filter unit of
the present invention as an example.

Fig. 6 1is a schematic side view showing an ammonia
adsorbability testing system for the chemical filter used in the
filter unit of the present invention.

20 The Best Embodiments of the Invention

Preferable examples of the present invention are described
below, but the present invention is not limited thereto or
thereby.

Fig. 1 shows a fiber sheet used for forming the filter medium

25 of the filter unit of the present invention as an example. The

14



unit was 6050 g. The ion exchange capacity per unit volunme was 360
eqg/nferr] 3. An ammoni a adsorbability test of the filter unit of the
present invention is described below. The testing systemis shown in Fig.
6. In Fig. 6, the testing system40 is conposed of a fan 42 for

I ntroduci ng open air 41, an active carbon chemcal filter 43, a HEPAfilter

44, a gas mxer. _46: fJ l;tepuni Qf the pres . |

exhaust pi ptgx’%&r %%%gté 106trsrp%?1ré“r'é%%§r %"%?E%a‘r‘mgesgwﬂ gﬁ]&)?ég [5 'I[b %n?%%ea?%ott Re
drawi ng, and cgnnected by a gas feed pi %e 51 respecti,vely. The galcs geed
pi pe 51 bet WoehoTRLIRGN AN aFter paper formatjign, it tlﬁepé%eﬁ?ﬁ r-48a's
provided with an amoni a i ntroduci ng port 45. The gas feed pipe 51
bet ween t he aggerrugetian andAtharality pfischufiibergheets d\arredaminated
first sanpling port 47 for sanpling the gas, and the gas feed pipe 51
bet ween t he tfa Ifioam aniftilter medium. In the filter medium, gas passages 4

5 are formed between the respective fiber sheets 1.

Fig. 2 shows a filter medium used in the filter unit of the
present invention as an example. The filtermedium5 is a laminate
comprising sets of fiber sheets. One set of fiber sheets is a
corrugated board comprising a fiber sheet 6 as a corrugating

10 medium and a fiber sheet 7 as a liner, and gas passages 8 are formed
between the fiber sheet 6 as a corrugating medium and the fiber
sheet 7 as a liner.

Fig. 3 shows a filter medium used in the filter unit of the
present invention as another example. The filter medium 9 is a

15 laminate comprising plurality of fiber sheets 10. The respective
fiber sheets 10 are laminated to have a honeycomb structure. The
hollow portions of the honeycomb form the gas passages 11.

"Fig. 4 shows a filter medium used in the filter unit of the

present invention as a further other example. The filter medium

20 12 is formed by winding one corrugated board 15 comprising a fiber
sheet 13 as a corrugating medium and a fiber sheet 14 as a liner,
continuously from the center toward the outside. Between the
fiber sheet 13 as a corrugating medium and the fiber sheet 14 as
a liner, gas passages 16 are formed.

25 Fig. 5 shows the filter unit of the present invention as an

15



5 48 and the exhaust pipe 50 is provided with a second sanpling port

49 for sanpling the gas. Wiile the open air 41 is introduced by
the fan 42 into the system 40, anmonia gas is injected fromthe
anmoni a i ntroduci ng port 45, to keep the ammoni a concentration of air

at 200 ppb at 10 the outlet of the gas m xer 46. The average fl ow

vel ocity Ofe:%r{lple. Thle E 'eQ‘l Sﬁ%ﬁfzér}%sf IaI %e Itg:@' ?éf%ﬂ(@? ff&iﬂn té%

m sec. The pressure oss i N am o

nmeasur ed se was_1,7 . After of certain
Cimer the a#? S0 RGApengeant bher B I@‘ﬂ‘dﬁ'\'nﬁét PRGN GONSTe DOR 24 0 ATverD
was sanpled at the first sanpling port 47 and the second sanpling port
49. the mel%%mmeé%iqnmmmnm@qx 22t ag4epl thg Hblterm i hél
second sanpling port 49 were directly introduced into the ul trapure
wat er i n arhaspbesrerinsitied leshdentuha ifditeaf meldd umrecopnitain2fig HoxspRvedn n
ul trapure water were neasured by ion chromatography. Based on the

neasur eg Vvathe oppoisiitleat 468s WIS tAEf ££1 €6 medium-contAIndnB 662G bhantid
simulation, the tine taken after feeding
cover box 23, openings 24 and 25 for allowing the passage of gas
are formed respectively.
Before the filter medium 21 is installed in the filter
medium-containing box 22, a rear aluminum screen 26 and a rear
10 non-woven fabric 27 are installed in the filter medium-containing
box 22 in this order. Then, the filter medium 21 is pressed in
the direction indicated by an arrow 28, and installed in the filter
medium-containing box 22 in a compressed state.
Before the cover box 23 is installed to cover the filter
15 medium-containing box 22, a front non-woven fabric 29 and a front
aluminum screen 30 are installed in this order. Then, the cover
box 23 is installed to cover the filter medium-containing box 22.
The movement of the cover box 23 toward the filter medium-
contalning box 22 is indicated by an arrow 32. Both of them are
20 fastened by fasteners (not illustrated). Thus, the filter unit
of the present invention as an example is completed. The filter

medium-containing box 22 with the opening 24 and the cover box

23 with the opening 25 form the housing of the present invention.

Example
25 Ion exchange fibers:
THiS SHEET HAS BELEN
REPLACED
This Sheet Has Been Replaced




10 ppb ammonia gas tilF the concentration at the outlet of the

unit 48 began to exceed 1 ppb was defined as the life of 25 the filter

unit 48.
20

el ectronic
unit

The |life was deci ded considering the
conditions required for the closed clean spaces in the
Industry. As a result of analysis, the life of the filter

48 vag ngQﬁﬂsthbS §gQ aays - Céﬂﬁl?gé'@eg"flltbéfe%%ht B@ﬁ.y&b?réhbt er

unit 48 can be conti nuousl used I n ah al cleani ng syst em for

act ual closed Iﬁ;ggas gﬁgonent a1¥aE|f oslfgeb r}ﬁ%néj%ﬁglh%xigi%g .cgqmponept , .

Conparatlv

t he Exanpl e me corru%Fted as descri bed for the Exa quothat

the void

10

15

20

25

gets prepare

with the sea component and the island component con ugé.te
to 50 and having 16 islands was prepared. The fiber was cut at
a length of 0.5 mm.

One part by weight of the cut fibers were added into a
crosslinking and sulfonating solution consisting of 7.5 parts by
volume of marketed grade 1 sulfuric acid and 0.07 part by weight
of paraformaldehyde, for reaction treatment at 90°C for 4 hours.

After completion of reaction treatment, the cut fibers were
treated by an alkali and activated by hydrochloric acid, to obtain
cation exchange fibers with sulfonic acid groups. The cation
exchange fibers had an exchange capacity of 3.0
milliequivalents/g-Na and a water content of 1.5. The exchange
capacity was measured according to the following method.

One gram of cation exchange fibers were added to 50 ml of
0.1N sodium hydroxide, and the mixture was shaken for 2 hours.
Five milliliters of the solution was taken and neutralized for
titration. Based on the result, the exchange capacity was
calculated.

The cut fibers converted into Na type (Cl type) were
sufficiently immersed in ion exchange water, and dewatered by a

centrifugal dehydrator, and the weight (W) of the cut fibers was

measured. Furthermore, the cut fibers were dried at 60°C for 48

hours in a dryer, and the weight (Wg) of the cut fibers was measured.

17
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after corrugation was changed. Fromthe obtained corrugated 10 board, the
sane corrugated sheets as obtained in the Exanple were cut out, and
fromthem a filter unit was produced as descri bed for the Exanple.
The total weight of the filter mediumin the filter unit was 4870 g.
The ion exchange capacity per unit vol une was 290 eq/nferr]. 15

The filter pyni thaSESSRL A prefvfd)f /g hensapBtaP i ent of BHE BB blelr)
test as in the Exanple. The pressure | oss of the filter medium of the

filter uni twavé'asob]t'a?i Aq, being | ower than that obtained in the

Exanpl e. gh a high ammoni a renoval rate was observed in the

20 beginning of the test, it was found that the renoval rate declined

at a hi gh PAPETNRRF™RG progression of test. As a result of

sinmulation, the life of the filter unit was judged to be 590 days.

Accordi ng to t hheqebfadnedr dpai expghatgec € iberishe headusiusyiblief fibersa (a

filter unit is estimated, at the time of current periodical 25

mai Nt er|mnc pollyest@re Wit he koW aklitiagl ifodndtef ofaddensivxt "EbfBt N720"
produced by Kuraray) (1 mm long) and Manila hemp (10 mm long) as
a paper forming aid were mixed at a ratio of 60 : 20 : 20, and
formed into paper by a rotary filter cloth type large paper machine,
and dried by a drum rotary dryer at 120°C, then being wound as

10 a fiber sheet (0.55 mm thick).

From the fiber sheet, a 3 cm square sheet sample was cut off
and immersed in a sodium hydroxide solution as described for the
ion exchange fibers, to measure the ion exchahge capacity per
sample weight. The ion exchange capacity was 1.5 meq/g.

15 Corrugating:

The obtained fiber sheet was corrugated by a corrugator (a
single facer for No. 5 corrugated fiberboard). In the corrugator,
a rotating roll with a corrugating surface (120 to 130°C), a fiber
sheet destined to be a corrugating medium, a fiber sheet destined

20 to be a liner and a rotating pressure roll with a flat surface
were located from top to bottom in this order. The fiber sheet
destined to be a corrugating medium and the fiber sheet destined
to be a liner were passed between the rolls, and pressed together

by heat and pressure, into a corrugated board.

25 From the corrugated board, a 2 cm square sheet sample was

18



21 of periodical maintenance, the filter unit is exchanged at the
time of current periodical maintenance, and in this case, the nunber of
590 days neans that the filter unit nust be exchanged in one year.
Conpar ati ve Exanple 2 For a marketed filter unit (the width of 590 mm
x the height of 590 mMm (H) x the depth of 70 mm (L) filter nmedium in
which an iaon,exghan non-woven fabri bi aj . ' i ati | ef
"0 711 amont SHEnoRBVERE AIBPEESs Eh Sreduvl hoEpELLfY Sd Tl RiaBsckabks
converting the fibers into cation exchange fiberi b}f raft reaction i.§
instal | ed i #°F HeediongekehenaefiRays s edResure gy ?5 SRR TRPRES
sane test as perfornmed for the Exanple was perforned.

per sample weight. The ion exchange capacity was 1.45 meq/g.

Yt he

Filter unit:

5 From the obtained corrugated board, many sheets having a
width of 590 mm x a length of 70 mm sheets were cut out in the
state of that the gas passages are positioned in the length
direction. These corrugated sheets were piled with the gas
passages kept in the same direction, and compressed as a 590 mm

10 in width x 590mm in height (H) x 70 mm in depth (L) filter medium,
being installed in the aluminum housing, to produce a filter unit
of the present invention. In Fig. 9, the height of the filter
medium is expressed by symbol H, and the depth of the filter medium,
by symbol L.

15 The total weight of the filter medium installed in the filter
unit was 6050 g. The ion exchange capacity per unit volume was
360 eq/m3.

An ammonia adsorbability test of the filter unit of the
present invention is described below. The testing system is shown

20 in Fig. 6. In Fig. 6, the testing system 40 is composed of a fan
42 for introducing open air 41, an active carbon chemical filter
43, a HEPA filter 44 , agasmixer 46, a filterunit 48 of the present
invention and an exhaust pipe 50. These components are arranged
from left to right in the drawing, and connected by a gas feed

25 pipe 51 respectively. The gas feed pipe 51 between the HEPA filter

This Sheet Has Been Replaced
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The ion exchange capacity of the filter nediumwas 2.5 neq/g, and the

wei ght of t

he installed filter nmediumwas 2068 g. The ion exchange

capacity per unit volume of the filter nmediumwas 220 eq/nSB. As a

result of si

be 586 days,

imulation, the life of the marketed filter unit was judged to
but the pressure loss of the filter nediumwas as very high

Tovei | as t M4 2P RS SRmMer ARe s oo R i AnREn{E nEhp Al RGTE

a | arger capaC|ty in the test for the filter unit mnth a _hi

level as t

| oss.
chem cal fi

45." The gas,diesd PAPeATL PREVEPR RS gas ey tpa the®

Iter unit and the gas cl eaning system of the
filter unit 48 is provided with a first sampling port 47 for

sampling the gas, and the gas feed pipe 51 between the filter unit
48 and the exhaust pipe 50 is provided with a second sampling port
49 for sampling the gas.

While the open air 41 is introduced by the fan 42 into the

. system 40, ammonia gas is injected from the ammonia introducing

10

15

20

25

port 45, to keep the ammonia concentration of air at 200 ppb at
the outlet of the gas mixer 46. The average flow velocity of air
at the inlet of the filter unit 48 was set at 0.5 m/sec. The
pressure loss in the filter medium of the filter unit 48 measured
in this case was 1.7 mm Ag.

After lapse of certain time, the air flowing upstream and
downstream of the filter unit 48 was sampled at the first sampling
port 47 and the second sampling port 49.

The samples taken from the first sampling port 47 and the
second sampling port 49 were directly introduced into the
ultrapure water in an impinger. The concentrations of the ammonia
dissolved in ultrapure water were measured by ion chromatography.
Based on the measured values, simulation was effected.

As aprecondition of simulation, the time taken after feeding
10 ppb ammonia gas till the concentration at the outlet of the
filter unit 48 began to exceed 1 ppb was defined as the life of

the filter unit 48. The life was decided considering the

20



present invention can renove the chem cal pollutants in a closed clean
space down to very low levels, and are low in pressure loss and long in

life. So,

they are especially useful in the electronic industry where

products sensitive to chem cal pollutants such as very large scale
integrated circuits are produced.

10

15

20

25

conditions required for the closed clean spaces in the electronic

industry. As a result of analysis, the life of the filter unit

48 was judged to be 890 days. This result means that the filter

unit 48 can be continuously used in an air cleaning system for

an actual closed clean space for 2 years without being exchanged.
Comparative Example 1

The fiber sheets prepared as described for the Example were
corrugated as described for the Example, except that the void
after corrugation was changed. From the obtained corrugated
board, the same corrugated sheets as obtained in the Example were
cut out, and from them, a filter unit was produced as described
for the Example. The total weight of the filter medium in the
filter unit was 4870 g. The ion exchange capacity per unit volume
was 290 eg/m3.

The filter unit was used to perform the same ammonia
adsorbability test as in the Example. The pressure loss of the
filter medium of thé filter unit was 1.3 mm Aq, being lower than
that obtained in the Example.

Though a high ammonia removal rate was observed in the
beginning of the test, it was found that the removal rate declined
at a high rate with the progression of test. As a result of
simulation, the life of the filter unit was judged to be 590 days.
According to the equipment repair practice in the industry, if
a filter unit is estimated, at the time of current periodical

maintenance, to come to the end of its life before the next time

21



23 © CLAI ME: 1- A chemcal filter unit, which conprises a
filter mediumforned by |amnating a plurality of fiber sheets and a
housi ng for containing the filter nmedium said filter

of periodical maintenance, the filter unit is exchanged at the
time of current periodical maintenance, and in this case, the
number of 590 days means that the filter unit must be exchanged
in one year.
5 Comparative Example 2
For a marketed filter unit (the width of 590 mm x the height
of 590 mm (H) x the depth of 70 mm (L) filter medium) in which
an ion exchange non-woven fabric obtained by irradiating a
polyolefin filament non-woven fabric with electron rays to form
10 graft sites and converting the fibers into cation exchange fibers
by graft reaction is installed in a housing together with spacers
formed by aluminum wires, the same test as performed for the
Example was performed.
The ion exchange capacity of the filter mediumwas 2.5 meq/g,
15 and the weight of the installed filter medium was 2068 g. The
ion exchange capacity per unit volume of the filter medium was
220 eq/m3.
As a result of simulation, the life of the marketed filter
unit was judged to be 586 days, but the pressure loss of the filter
20 medium was as very high as 6.0 mm Aqg.
Since the gas flow velocity had to be kept at the same level
as that in the Example, the fan 2 had to be changed to a £fan with
a larger capacity in the test for the filter unit with a higher

pressure loss.

25 Industrial Availability
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medi um havi'ng a gas inlet open on one.face of said housing and a gas outl et
open.on anot her face substantially opposite to said gas inlet; and gas

passages to allow the flow of gas al ong surfaces of said fiber
sheets, said gas passages bei ng fornmed between two of said fiber
sheets adjacent to each other; wherein t he adsorption capacity of

ni 1. accor di ng 11D ERSPACEL Ghbret e Serag T GheGBiag ycopn of The
said gas fl ow n%from sai,d gas inlet to said gas outlet is 0.5m sec at said

gas inlet Presehtyipveptigp.can renqyssthe chgfl¢abmpotdufantsyiap Flaseder

mediumwi th a depth of 70 nmin said gas passage direction is 3 nm
Aq or | ess.clean spaca dewmiteavery| lew lgviels .aandraliedowoinl pressureess n
the fibers constituting said fi ber sheets are ion exchange fibers,

and t he adsordlong inapife !y Sos theyiame especiakkehanflaldapthetelectrbnic A
chemcal filter unit, according to claim3, wherein said ion exchange

fibers fre industry whapdsptiaects Ben@Aitigd! €ofdHiival pdllutaftshandr s
filter unit, according to claim4, wherein said ion exchange fibers are

cation exchange 1fd.Res %cale6-int%eg§§ﬁ%§ﬁcﬁ§]cufiiﬂst %rreu?zbdu%%ﬁor ding to claim

5, wherein thé sea conponent o i sl'ands-i n-a-sea conjugate

fibers is a polystyrene based pol yner. 7. A chemical filter unit,
according to claim1l, wherein 50 wt % or nore of said fiber sheet s
are fibers of 0.1 to 10 mmin |ength. 8. A chemcal filter unit,
according to claim 1, wherein said filter nmedium is i mobi |i zed

substantially only by the resiliency of said plurality of fiber sheets.

23



24 _ " 9. A chem cal filter unit, according to claim1, wherein
said fiber sheets contain a heat fusible material, and said plurality

of fiber 'sheets are | am nated by the fusing of saj Ik e
material. 10. A gas cl eaning system conprising au ‘\ﬁ“‘m‘mu“\and a
gas cleaner for supplying a clean gas to the p on,x rgont
wherein the gas cl eaner contains the chemcal filter unit stated in

any one of claims 1 through 9. 11. A gas cleaning system according to
claim 10, wherein the production room _contains an LSI production

process. 12. A gas cl eaning system S3@d8€di ng to claim1l, wherein the
production room contains a photolitho process in said LSl production

process. 18. M gEemitahnifid terstemt acturai epmRriged @ BiligkeRedithe
production room contains a chemcally anplified resist process in

said LSl pregdeabliopy PI&fEsSting a plurality of fiber sheets and a housing
5 for containing the filter medium, and has a gas inlet open on one
face of the housing and a gas outlet open on the other face
substantially in opposite to the gas inlet, characterized in that
gas passages to allow the flow of the gas along the surfaces of
the fiber sheets are formed between the respectively adjacent
10 fiber sheets of the filter medium from the gas inlet to the gas
outlet, and that the adsorption capacity of the filter medium is
300 eg/m3 or more.
2, A chemical filter unit, according to claim 1, wherein when
the average flow velocity at the gas inlet, of the gas flowing
15 from the gas inlet to the gas outlet is 0.5 m/sec, the pressure
loss of the flowing gas by the filter medium with a depth of 70
mm in the gas passage direction is 3 mm Aq or less.
3. A chemical filter unit, according to claim 1, wherein the
fibers constituting the fiber sheets are ion exchange fibers, and
20 the adsorption capacity is the ion exchange capacity.
4, A chemical filter unit, according to claim 3, wherein the
ion exchange fibers are islands-in-a-sea type conjugate fibers.
5. A chemical filter unit, according to claim 4, wherein the
ion exchange fibers are cation exchange fibers.

25 6. A chemical filter unit, according to claim 5, wherein the

e e
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sea component of the islands-in-a-sea type conjugate fibers is
a polystyrene based polymer.

7. A chemical filter unit, according to claim 1, wherein 50 wt%
or more of the fiber sheets are short fibers of 0.1 to 10 mm in
length.

8. A chemical filter unit, according to claim 1, wherein the
filter medium is immobilized substantially only by the resiliency
of said plurality of fiber sheets.

9. A chemical filter unit, according to claim 1, wherein the
fiber sheets contain a heat fusible material, and the plurality
of fiber sheets are laminated by the fusing of the heat fusible
material.

10. A gas cleaning system, comprising a production room and a
gas cleaner for supplying a clean gas to the production, room,
wherein the gas cleaner contains the chemical filter unit stated
in any one of claims 1 through 9.

11. A gas cleaning system, according to claim 10, wherein the
production room contains an LSI production process.

12. A gas cleaning system, according to claim 11, wherein the
production room contains a photolitho process in an LSI production
process.

13. A gas cleaning system, according to claim 11, wherein the
production room contains a chemically amplified resist process

in an LSI production process.
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