1 1 August 2006 CATALYST FILTER, METHOD FOR PRODUCI NG THE SAME AND METHOD
FOR TREATI NG EXHAUST GAS W TH THE SAME. FI ELD OF THE I NVENTI ON 5 The
present invention relates to a catalyst filter, a method for producing the
sanme and a nmethod for treating exhaust gas with the same. BACKGROUND ART
There is known a filter with denitrifying functions, which 1DAugust28dBve
dust and nitrogen oxides (NOx) from exhaust gas generated from
i ncinerators for mmi ci pal waste, sludge or industrial wastes, boilers,

di esel engines, I PRPE a filter
conpri si ng cat aI yst %ﬁ‘%éf ?:([:%#t?gl I?Iﬂ?lg t t}gén um om?@nﬁan&ﬁ um ox: de is
~proposed (see 1niPuermeobd 4083 TRERTMNG 2REABSS GAS' mgﬂomn%m USP

5,051,391), etc.). In general, the filter is vibrated to renove the
col | ect ed rraterialsfromthefllter, in particular, to shake off cal ci um
hydroxi de (sl aked line) and dust. -However, in the case of the 20 filter

di scl osed FIRLPPOR THESERVBNTION cat al yst f| ber itself drops off fromthe
filter when vibration, in particular, pulsated vibration is applied to the

filterg and thushb.fp:e:@éred th@nao:bnwdl)atey‘tbfaecétélysttﬁrlctse:tpame.
In addition, in the case of the filters disclosed in other publications,

si nce t hefeatptydicindahe samenmd semevhoddfarmtreatd mppekhaliss gappdrthed on
titania fiber, the vanadium oxide particles drop off fromthe catal yst
fiber so theasamke catal ytic activity of the filter tends to decrease, even
when the catal yst fiber itself does not drop off fromthe filter. 2 1
August 208BCKGROUND ART
There is known a filter with denitrifying functions, which
10 can remove dust and nitrogen oxides (NO,} from exhaust gas
generated from incinerators for municipal waste, sludge or
industrial wastes, boilers, diesel engines, etc. with a single
apparatus. As such a fllter, a fllter comprising catalyst fn.ber
contalnlng t:.tanlum oxide and vanadium oxide is proposed (see -
15 JP-A-5-184923, JP-A-1-2587846 (corresponding to USP 5,051, 391),
etc.).

In general, the filter is vibrated to remove the collected
materials from the filter, in particular, to shake off calcium
hydroxide (slaked lime) and dust. However, in the case of the

20. filter disclosed in JP~A~5-184923, the catalyst fiber itself drops
off from the filter when vibration, in particular, pulsated |
vibration is applied to the filter, and thus the catalytic activity
of the filter tends to decrease. In addition, in the case of the
filters disclosed in other publications, since the catalyst fiber

26 comprises vanadium oxide particles supported on titania fiber,
the vanadium oxide particles drop off from the catalyst fiber so

that the catalytic activity of the filter tends to decrease, even

when the catalyst fiber itself does not drop off from the filter.



SUMVARY OF THE | NVENTI ON one object of the present invention is to provide
a catalyst filter, which can renove dust and nitrogen oxides fromthe
exhaust gas with a single apparatus, has a high catalytic activity and 5
mai ntains the high catalytic Activity eyen when the filter is vibrated to
shake of f cal ci um hydroxi de and dust. Ahother object of the ptAugyat2006
I nvention is to provide a nethod for producing such a catalyst filter. A
further object of the present invention is to provide a 10 nmethod for

treating £oN0eSE SESTHES | NovErerom filter.  Accordingly, the present
I nvention provides a catalyst filter conprising titania catalyst fiber and

at |east one | ayed obglectodpatRpteHELE i@zfv@&'ib@isfﬂobﬁfovfdété'@éﬁﬁn.?sthe
present invention provides a nethod for 16 producing a catalyst filter of

the presefilteéwenhieh canpendivegdusbantt ePErofeniciicies AgonitihRerhaakal yst
fiber and polynmer fiber in.a solvent (e.g. water, etc.) to obtain a .
di sper si aja®fwitte 4 isiargle apbadratms)g hasskehtighr eathlgtdicspetivanyobnthe
fibers to obtain the catalyst filter. 20 The present invention also
provi de anadaiteihs orherividgivi catakyttiat agtsitviftiy tesrernfwhdme fhree fHittemvient i on
conprising the step of placing a layer of titania catalyst fiber on a
nonwoven Vilrated dfo mhakercff malcium hysnshuide drghishditnent, t he nonwoven
fabric and the 25 titania catalyst fiber in the catalyst filter are fixed
toget her . by aRnrgher okiget gl the PEagent dnvwentiion Ag 40 Prevideeds. |n
addi tionf the present invention provides a nethod for treating exhaust gas
conpri si e i FRF (oGS tSYHs & ahedyst £iAdd@Rst 2006
‘ ' A further object of the present invention is to provide a
10 method for treating exhaust gas using such a filter.
Accordingly, the present invention provides a catalyst
filter comprising titania catalyst fiber and at least one layer
-of_nonwoven fabric of polymer fiber.'
Furthermbre, the present ihventioh broﬁides a method for
15 producing a catalyst filter of the present invention comprising
the steps of dispersing titania catalyst fiber and polymer fiber.
in a solvent (e.g. water, etc.) toobtain a dispersion of the fibers
and forming a sheet from the dispersion of the fibers to obtain
the catalyst filter.
20 The present invention also provide a.methed for producing
a catalyst filter of the present invention cdmprising the step
of placing a layer of titania catalyst fiber on a nonwoven fabric
of polymer fiber.
In a preferred embodiment, the nonwoven fabric and the
26 titania catalyst fiber in the catalyst filter are fixed together
- by adhering, knitting with yarns or entwining of the fibers.

In addition, the present invention provides a method for

treating exhaust gas comprising pasSing the exhaust>gas through




the catalyst filter of the present invention. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a cross sectional view of the first enbodi nent of the
filter of the present invention. 6 Fig. 2 is a cross sectional view of the
second enbodinment of the filter of thegpresent invention. Fig. 3 is a
cross sectional view of the third embodiment of the filter ofAugstgPe&ent
i nvention. Fig. 4 is a cross sectional view of the fourth enbodi nent 10 of
the filter having a scrim of the present invention. Fig. 5is a cross
sectional théepapalybe filtbreabotheeptesait tivevéntisn. having a scrimof the
present invention. Fig. 6 is a cross sectional view of the sixth enbodi nent
of the fiBREEFhDERSORIBRTIONI OF DHEt DRAWING®Nt invention. 15 Fig. 7. is a
cross sectional view of the seventh enbodi ment - of the filter having a
~scrimof the prBsgntli hseattomss DEMAGE] DESGRICETIEOR 8 rBHYEemkvERMedt The
catalyst filter of the present invention conprises titania catalyst fiber
and at | eafttbeecfilper of hbampveaemhbkmzenég;mﬁ pol ymer fiber. The titania
catal yst fiber used in the present invention may be a known one. For
exanplfe, titani Blgatalista iquass sertdanadoniev el dthe seoonshembpdimests,
met al oxi des and_conpl ex _conpounds of an el enent sel ected fromthe group
consi st i ngfotheafhlitar ofsthanpredant o} RveRE+R R ar seni ¢ ni ckel , zirconi um

desor bed | n JPEAS1135b865 SHE03P. ST IBA Ot Ao SPIEY, REDEELRAS
catalyst L%bgﬂeagggggLngftghéh&réSéhé“%%@%néﬁ%?
Fig. 4 is a cross sectional view of the fourth embodiment

10 of the filter having a scrim of ﬁhe present invention.

Fig. 5 is a cross sectional view of the fifth embodiment
of the filter having a scrim of the present invention.

Fig. 6 is a cross sectional view of the sixth embodiment
éf the filter having é scrim of the‘presentkinveﬁtion.

16 .~ Fig. 7 is a cross sectional view of the seventh embodiment
of the filter having a scrim of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The catalyst filter of the present invention comprises
titania catalyst fiber and at least one layer of nonwoven fabric

20 of polymer fiber.

" The titaniaICatalyst fiber used in the présent invention
may be a known one. For example, titania catalyst fiber, which
contains at least one of metals, metal oxides and complex compounds
of an element selected from the group consisting of vanadium,

26 tungsten, aluminum, arsenic, nickel, zircenium, molybdenum,
ruthenium, magnesium, calcium and platinum, may be used, as

described in JP-A-11-5036 and JP-2000-220038-A.

The use of the titania catalyst fiber according to the



present invention can prevent the drop-of f of the catalyst from the
filter, so that the catalytic activity can be nmaintained for a long tine.
Even when a weight (per unit area) of the titania catalyst 6 fiber is
increased in the filter of the present gnvention, the filter can achieve a
high filtration rate without the increase of pressure |oss of Augest2Pg er
According to the present invention, an anmount of an adhesive, etc., which
is used to fix the catalyst fiber, can be reduced or 10 avoi ded to use the
titani a cptebyat fnbentiontden catenterst thiel deop-oliéreforiee datmldestr dasm of
the catalytic activity due to the adhesive, etc. can be suppressed, and
t hus t he thaefihtenctsovithat bhetmmmqacﬁisriéfyf ceni belnainmiinghsor
titania catalyst fiber may be processed in the formof a sheet by a
paper - mekangongt hige.15 etc. Preferably, the titania catal yst fiber
contains at least 50 % by weight of titaniumoxide and.at |east 5 % by
wei ght of vanaBVvem whena weightadparfumk areajt pfothattitanta satahyst
fiber dianeter of from2 pmto 100 pm and, a porosity of at |east 0.05 20
cm / g, Bwhféhersigeinareased innthe oﬁg@ht%s%ﬁ hePLRASTd i nMent igTecithie

surface area of the titania cat st, fiber may be at, |l east .10 mg, and is
pref er abl §iiE6H oant achdevery b f#t@e“i’??%ﬁ% ratg Hithous fde 15!?% sity

o oL o2, B3 d2,82 5ot PR Bhe Ok el 57 10 A, (1 1y be at feast,
(6,300 A U1 to 50 1yl - A BSLEUINN AR 19 100 A LIS Ll The
, titani um g lc<:(.)>,(|w 1<(:ﬁ s Lfs'et Q' uﬂgﬁ%'c%etaljyﬁu@i%ter 08§n be reduced or
10 avoided to use the titania catalyst fiber in the catalyst filter.
Therefore, the decrease of the catalytic activity due to the
adhesive, etc. can be suppressed, and thus the inherent activity
'»of the catalyst is effectively used The tltanla catalyst f:Lber.
may be processed in the form of a sheet by a paper-maklng method,
15 etc.
Preferably, the titania catalyst fiber contains at least
50 % by weight of titanium oxide and at least 5 % by weight of
vanadium oxide, and has a fiber length of at least 50 ym, a fiber
diameter of from 2 pm to 100 ym and.a porosity of at least 0.05
20 cm’/g, which is measured by a nitrogen absorption method. The
spécific surface area of the titania catalyst fiber may be at leaSt
10 m*/g, and is preferably from 20 to 300 m’/g. In the titania
catalyst fiber, the porosity of pores having a pore diameter of
at least 10 A (1 nm) may be at least 0.02 cm’/g, and the peak of
256 the pore diameter may be in the range of 10 to 300 A (1 to 30 nm),
and preferably 10 to 100 A (1 to 10 nm).
The titania catalyst fiber can be prepared, for example,

by dissolving a titanium alkoxide (e.g. titanium ethoxide,



titani um n-propoxide, titaniumisopropoxide, titanium n-butoxide, titanium
| sobut oxi de, titanium sec.-butoxide, titaniumtert.- butoxide, etc.)
i nal cohol (e.g. ethanol, n-propanol, isopropanol, n-butanol, iso-butanol
sec.-butanol, tert.-butanol, etc.), 5 hydrolyzing the al koxide to forma
slurry containing titania, dissolving a vanadi um conpound (el §ugust 2006
triethoxyvanadyl, triisopropoxyvanadyl, tri-n-propoxyvanadyl, tri-n-
but oxyvanadyl, etc.) in the slurry to obtain a spinning dope, then
spi nni ng titerspimni-pgodopide p tdlkaaiinmpi sapr cpoxiddet i tanduhth-daitoxide t he
precursor fiber. The nonwoven fabric used in the present invention
conpr i sestitmnjureriokhtoxiSlenc & ittran iim e -dattaixnisle, f itidranisim dtegitned i n
a layer of the nonwoven fabric, the catalyst filter of the present.
i nvent i orbutoxixdsi eve. i i ghcehel (eodl. thano lof hrprepanohhillsepr®panol,
naintainiqgén%%? erneability or a |ow pressure loss, and further it can

mai ntai n & ytizoduttanaly Seochandnwdest Emwtanolyr @tsht)s t he
drop-of f of the titania catalyst fiber even when the filter is vibrated
to shéke TfArelyzingn R G ¢ U farm g aipirdy Gontad ndaigy it amiger
syl o STV HaR B AR COKRIEY ol +9  (Be S aTRe b de 11 ber.
e nonuekieht SORERIR AP 1 SPESERPY IR /by LeOor | s one of
(hese . RS Binddlh PEPo bR ERE ) BB pedh AL B Sl 1
aonlt oo SO Al e B BRI ARG Y, 308 [oro oL

10 calcining the precursor fiber.

The nonwoven fabric used in the present invention comprises
polymer fiber. Since the titania catalyst fiber is retained in
a 1aye_r of the nonwoven fabric, the catalyst filter of the present
invention‘éan échieve é'high dhst-CdlleCtibn efficiénéy while

15 maintaining high permeability or a low pressure loss, and further
it can maintain the catalytic activity since the nonwoven fabric
prevents the drop-off of the titania catalyst fiber even when the
filter is vibrated to shake off calcium hydroxide and dust.

Examples of the polymer fiber include, polyamide fiber,

20 polypropylenefiber,polyesterfiber,acrylicfiber,aramidfiber,
fluororesin fiber, polyether imide fiber, polyimide fibér;"
polyphenylene sulfide fiber, polyketone fiber, etc. The nonwoven
fabric used in the present invention may compriée one of these
fibers, or two or more of these fibers.

25 A weight ratio of the polymer fiber to the titania catalyst
fiber is preferably from 20:1 to 1:1 in order for the catalyst
filter to have good processability and long term shape-stability.

The nonwoven fabric comprising the polymer fiber may be



1 August 2006 produced by any conventional nethod, for exanple, a resin
bond nethod conprising adhering the polyner fibers with a resin, a needle
punch met hod conprising entwining the polyner fibers with needles, a

t hermal bond net hod conprising thermal |l g bonding the 5 polyner fibers. a
wat er punchi ng met hod conprising entw ning the polyner fiber5Augusi280hi gh
pressure fluid jet, etc. In the catalyst filter of the present invention,
preferably the titania catalyst fiber is retained in the layer of the
nonwoven pradiuced ky amy cegsntinnakdiethodedor wxamPdper & e sime beddwoven
10 fabric. In such cases, the drop-of f of_ the catalyst (the catalyst

fi ber andrekhedcCemphi §5RT cAipRREN ) the Pobypee BHas slidh viheieSithe 2

catalyst filter is set on an apparatus whi ch appljes pulsed yvibratiop to
t he cat al§eed}e Ruich B‘eFBﬁ’ﬁlv‘éO'Plg’élﬂ’cB‘{! Ut I tb? W?FI#%?@’-’%B”EE‘WE

ypeal CaIples o e Bttt Shpt 1 S Y SR 21O
20015 bRl Eh 4808 Ay pR0hBLY Sl LiFTnd ol B
COY! SeSpheppt Ll 12, o R0t hAALBI MR TUPeIode bl ey
oL 011 Rl DR PRLE UM o RShHE VI ey

cat al yst [ Qar, :an e 4 f.abr.iiCi 4 = Jfyl i ch
55 oo subabatehid CaBtyor T RRREY Fae ad el ehle RYSLTBE (HOREnTOvEA!

i Tver"! COEBYEPEY usSorbetEi ML Spde b RE Pl RoRbYE
shownyg n Fhgfic. In such cases, the drop-off of the catalyst (the catalyst
fiber and/or the catalyst component) can be prevented even when
the catalyst filter is set on an apparatus which applies pulsed
vibration to the catalyst filter to rexﬁove the dust collected by
the filter. | - o |
15 Some typical examples of the catalyst filter of the present
invention are shown in Figs. 1, 2 and 3. The catalyst filter of
Fig. 1 comprises nonwoven fabric 4 of polymer fiber 2 and titania
catalyst fiber 1 which is carried on one surface of nonwoven fabric
4. The catalyst filter of Fig. 2 comprises nonwoven fabric 5 of
20 titania catalyst fiber 1 and polymer fiber 2, in which titania
catvalyst: fiber 1 is present in the layer of the nonwoven fabric
of the polymer fiber. The catalyst filter of Fig. 3 comprises
nonwoven fabric 4 of polymer fiber 2, a layer of titania catalyst
fiber 1 and another nonwoven fabric 4 of polymer fiber 2, which

25 are superimposed in this order.

The catalyst filter of the present invention may comprise

a scrim, which is a woven fabric of the polymer fiber. Some typical

examples of the catalyst filter having the scrim are shown in Figs.



7 1 August 2006 4 to 7. The catalyst filter of Fig. 4 conprises nonwoven
fabric 4 of polyner fiber 2t scrim3, a |ayer of titania catal yst fiber

1. anot her nonwoven fabric 4 of polynmer fiber, which are superinposed in
this order. The catalyst filter of Fig.75 5 conprises nonwoven fabric 4 of
pol yner fiber 2, scrim3 and nonwoven fabric 5 of polyner fib&rgyst2006
containing titania catalyst fiber | therein. The catalyst filter of Fig. 6
conprises the first nonwoven fabric 4 of polynmer fiber 2, the first scrim
3, the segopsl 7.noTheveatéhpst £illtedr pd Figr 4 adompsi fes momworsn fabrile 5 of
10 polyner fiber 2 containing titania catalyst fiber | therein, the third
nonwoven & adf ippWmer Fdbere?, f $opin 3, whdayeronl titaniscatalysthdibes th
nonwoven fabric 4 of polyner fiber 2, which are superinposed in this
order.” Thg, cahather hohwevenffahpic 4 ofdppiymes fike¥ i rwhiclndk®en fabric
4 of polymer fiber 2, scrim 16 3, nonwoven fabric .5 of polymer fiber 2
cont ai ni nguperimpasedt dnythisiepdery (The satalysd fid teac fd Tridhmoven
fabric 4 of polymer fiber 2 which are superinpgsed ip this, orﬂer. The
catal yit E£pmpeises naswWpVeBehebIiGeftPEP 8t bHRKIcRY, SCHi™t Al | owi ng
met hod: 20 For exanple, the catalyst filter of Fig.,4 may be nmanufactured
by produchABWORBNSsFRIRELC of Of o FE f rczug?ﬂgafgﬂéng p"b#%ﬁfé’ra ﬁa%grlyﬁil; t he
needl e punch net hod, superj.nposin .ane _ surf.ace.of o she : e
nonwoven fFaBerct LhREELBr | r#h?ﬁékﬁg*ylggnﬂg&eﬁ ?grfirlag'cgtcé’imfsr}t%'sﬁr&ogée gfrjftfts?he

ot her sheet of nonwqven fabric.25 in.i.his,orderf:. - P | hem
al | toget REPWOVER ’é’sc 3f° Pﬁ&%tﬁo%%ﬁzérgﬂ)é g&%%gnggfﬁlé.%éaggﬁg%se{&%ﬁ ter
of the present LAvention yngkugs: gnlE! POOr£OUPS! ShOGWGYLR" EROriBes of

10 polymer fiber 2 containing titania catalyst fiber 1 therein, the
third nonwoven fabric 4 of polymer fiber 2, the second scrim 3,
and the fourth nonwoven fabric 4 of polymer fiber 2, which are
superimposed in this order. The catalyst filter of Fig. 7
comprises the first nonwoven fabric 4 of polymer fiber 2, scrim

16 3, nonwoven fabric 5 of polymer fiber 2 containing titania catalyst
fiber 1 therein, and the second nonwoven fabric 4 of polymer fiber
2, which are superimposed in this order.

The catalyst filter of the present invention may be produced.
by the following method:

20 For example, the catalyst filter pf Fig. 4 may be
manufactured by producing two sheets of nonwoven fabric using the
polymer fiber by the needle punch method, superimposing, on one
surface of one sheet of the nonwoven fabric, the scrim, the layer
of titania catalyst fiber and the other sheet of nonwoven fabric

256 in this order, and needle-punching them a'll together.

Examples of other methods for producing the catalyst filter

of the present invention include a method comprising adhering the

titania catalyst fibers and the nonwoven fabric with a resin; a



titania catal yst fibers and the nonwoven fabric with a resin; a 8 1 August
2006 nethod conprising entwning the titania catalyst fibers with the

pol ymer fibers of the nonwoven fabric with needles; a method conprising
knitting the titania catalyst fibers ang the nonwoven fabric with yarns; a
met hod conprising thernmally bonding the 6 titania catal yst fib&rgusdig80% he
nonwoven fabric; and a nmethod conprising entwining the titania catalyst

fi bers and the polyner fibers of the nonwoven fabric with jetting high
pressure metkbd coMprEisiaig eatwinting the litsnifd catalyat Bibersdecthl tihe
using the titania catalyst fibers together with the polynmer fibers in the
10 step opopymerct ilgetseofiotheveonfiaven cfatbrihevith yreediesperasmetived the
titania catalyst fibers are retained in the |layer of the nonwoven fabric
produced. cémpthsingrignitting &he itaniateataiyst Fdbprsdandchy nonwaven
shaping the polyner fiber by a carding nethod, placing the titania
catal yst fabeis whthoparnaal aymehbhod scempthsing t the BondiRg thders,
and then entwining the polynmer fibers with the titania catalyst fibers by
t he ndedl bipanthi agtakeshofibers apAwEhe menwpyen ofabRec Hhoydet TeHRPd ysed

Luo. or | 2GORBF&SKRCRRELTE SHe BAF aht B AL S ity SRS, SRreHe APOVEST ( he
nonwoven fabric are present in t gat al, t.f'éter, the kinds of the

pol yner fEbRRES| Al e ngRavedy élﬁowﬁﬁf}e%e# R MR BEESTHE YRR Tor

di ff t_f h other. W h talyst filt has _t .M, nbh

Lhi cknossPbFerDaCLRE THonHe A TRDIT & Tl tHfo ara® or i d i dst A thF  he
dust , d i bly | | t f '
on' t he- ophErpysstate bySF iEREERs ol hath iR nSlvhef (SR T fe¥ 1 €

10 step of producing the nonwoven fabric of the polymer fiber so that

the titania catalyst fibers are retained in the layer of the
nonwoven fabric produced. Furthermore, the catalyst filter may
- be produced by_ firstl_y shaping the polymer fibe;:’ by a carding
method, I-Jlac:ing‘ the titania catalyst ‘fiberls and obtionall} the |
15 scrim on the shaped polymer fibers, and then entwining the polymer
fibers with the titania catalyst fibers by the needle-punching
method.
The nonwoven fabric of the polymer fiber used in the present
invention may comprise one kind of the polymer fiber, or two or
20 more kinds of the polymer fibers. When two or more layers of the
rlxonwovenAfabric are present in the catalyst' filter, the kinds of
the polymer fibers iﬁ the layers of the nonwoven fabric may be
the same or different from each other.
When the catalyst filter has the scrim, the thickness of
25 the nonwoven fabric on the side of the scrim on which the dust
are recovered is preferably larger than that of the nonwoven fabric
on the opposite side of the scrim. When the thickness of the

nonwoven fabric on the opposite side is made small, the pressure



nonwoven fabric on the opposite side is nmade small, the pressure 9 1 August
2006 | oss can be decreased without deteriorating the dust-collection
efficiency and the catalytic efficiency of the catalyst filter. The
nonwoven fabric of the catalyst filter @&cording to the present invention
may further conprise inorganic fiber such as 5 alumina fiberlAygyst@g08
fiber, zirconia fiber, gI ass fiber, etc. The use of the inorganic fiber can
i ncrease the nechani cal ren? and heat resistance of the catalyst

filter obtlaessedanTipe decmﬂ withoat deyepbosappnycthe cusie-ephlesision
fabric in the same nmanner as the titania fiber 'is supplied to the
nonwoven Rificiency rofl thamataltie midigieneyr phekhetrtalyahifi¥ierer and
the polyner fiber are dispersed in water and then processed in the form of
a sheet by a papée- mw‘mge%fmdc Thdde FHE%H?&I gasftqma[cg,or(glfinq ke thesent A
I nvention, which conprises the rgani ¢ fiber, obt ai ped. 15 The

cat al yst WPF@Ptof'-nf’ﬁBtﬁPBs@ﬁV FH(-?E%?}' o%%%%%h}wa%&%eﬁw PR Es
when the d st and _nj trogen.oxi des, are renoved t he sane

ot hodb (wALERIPE. SARGFY aRebLeadELPer ¢ o TERRR LR Lo Trerd 478 [LiRe D SHF . dry
met hod) n addi . cat st filter _of t res nt.in tion.can be
Used 1 b réfhﬁv%s&a'fh%}%iaaﬁg%?iﬂa B C%%&ﬁcgsaﬁﬁﬁﬁb%@ BAhaFRda LAy

oxi des, I a ) whi are
gener at ed 131 %efaﬁ e%cfs%%%lggors %r'IE Jﬁ%tﬁgg t 9&%%{3 obﬁggned ﬁlréndustrlal

wast es, tltl‘ﬁlo?grakﬁ IBQP rﬂfﬁ? s%ﬁe&st et.tl'fe néﬁwggéﬁrf lé‘ ?1\’ e %?nehe

cat al yst e prese nventi on can renove

ni trogen g;a?g%%ghtﬁﬁ%méﬁm PR S supBliBaSLE 1 m&ﬁs@&éﬁtfaq&tle“ ty

10 For example, the inorganic fiber, the titania fiber and the polymer
fiber are dispersed in water and then processed in the form of
a sheet by a paper-making method. Thus, the catalyst filter of
the present invention, which c;omprises the inorganic -fiber,b is
obfained. | o -

16 The catalyst filter of the present invention can achieve
excellent effects when the dust and nitrogen oxides are removed
at the same time by a dry method (which is simultaneous dust-
collection and denitrification in a dry method). 1In addition,
the catalyst filter of the present invention can be used to remove

20 hazardous materials such as hydrogen chloride, sulfur oxides,
organic chlorinated materials {e.g. dioxin), etc., which‘arer"'
generated from the incinerators for municipal waste, sludge or
industrial wastes, the boilers, the diesel engines, etc.

As described above, the catalyst filter of the present

25 invention can remove the dust and the nitrogen oxide with a single

apparatus, and has a high catalyst activity and maintains the high

catalytic activity since the drop-off of the catalyst can be

prevented even when the filter is vibrated for shaking off calcium



catalytic activity since the drop-off of the catalyst can be prevented
even when the filter is vibrated f or shaking of f calcium 10 | August 2006
hydr oxi de and the dust. Even when the weight of the titania catal yst fiber
per unit area is increased, the catalyst filter of the present invention
can performthe high-speed filtration without increasing the 1Augu2906 e

| oss of the filter. Furthernore, when the catalyst filter of the present

i nvention has a structure in which the titania catalyst fiber is retained
in a | ayeatydrfoxide reomhoshen dusditi c, or a layer of the titania catalyst
fiber is interposed between |ayers of the nonwoven fabric, 10 the filter
can maintain t {Even gihesatheyigight ofi the siiteaisneatalyahi biker ReFsvnitper
does not drop off fromthe filter even when the pul sed vibration js

appl i ed taresd s ilincreasese ¥heheatabyshrottkehPh o RFFSEDL F?@?ng&@&r ding
to the present invention can easily provide the catalyst filter, which 15 .
has a hi garperfere the iRy spReddd a1tk %taw%eé}%qasgaq &) by
preventing the drop-of f_of the titania catalyst fiber fromthe filter
even WherPEXESWHER s %i%ﬁa‘ﬁli"%rfjr]st%‘b'pl ied to the filter to shake off

| ci hyd id d the dust. di tq t th t |
xhaust gis of THECISTRreaciten dRTHL YT Tren il (e HISRIN oxi des
' b fectjvel d t he, ' T ;
can b Cllectiyel v omved Ll samch oh, AR, e sig. 1
limt the seoDe §hind'3aPeet¥ tnt RALERLLRR rdtid) 8% Y&Y¥er of the titania

catalyst fiber is interposed between layers of the nonwoven fabric,

10 the filter can maintain the high catalyst activity since the
titania catalyst fiber does not drop off from the filter even when
the pulsed vibration is applied té the filter.

The method for producing a catalyst filter-ac_:cordipg to the
present inirention can é‘asi_.-ly provide' the catalyst‘ fillter,. which

16 has a high catalytic activity and maintain the high catalyst
activity by preventing the drop-off of the titania catalyst fiber
from the filter even when the pulsed vibration is applied to the
filter to shake off calcium hydroxide and the dust.

| According to the method for treating exhaust gas of the
20 present invention, the dust and the nitrogen oxides can be
effectively rerﬁoved at the same time.
EXAMPLES
The présent invention will be illustrated by the following
Examples, which do not limit the scope of the present invention
25 in any way. |
The dropping test and the denitrirficat ion test were carried
out as follows: |

Dropping test:




The dropping test and the denitrification test were carried out as
follows: Dropping test: 1 August 2006 A disc having a dianeter of 10 cm
was cut out of a catalyst filter and the periphery of the disc was
hardened with a thernosetting resin to gbtain a speci men. Then, the

speci men was vibrated for 1, 000 timed™with an air pul se j et 1 Augest 206
pressure 5 of 3 kg/cre (0. 3 MPa) . Fromthe weight difference of the
speci nen before and after the test, the anount of materials dropped was
calculated. Denjtrificati.on Lesi. teh iWd L eultasu o R & chtadystn
area of 22 cie %\/églsclg‘a&lglgeé cg}fa%ér?ce&étnogﬂ gfé %ﬁgléass t ube having an i nner
di aneter of. 53 mm.,verti l, ' RCldilse tvhits Haxrsdenedesifinea, a test
gas contafh}ﬁﬁr1aﬁdpgh%o§%hé%h%%yhggﬁlof NH3f 10 % of 02f 20 % of H20 and
t he rest-g%8%%8§?§tgﬁ ted 3t 28086taie BaspedikenmugithenhetheaspecaBerny r om

t he open e end having the filter 15 at a flowrate of 2.2 L/mn.
From the diffenence of the, 06®RSMeEN tipanadiNPulskojet andeafa pregadisieng
t hr ough tH@sg‘fJ‘ass ?68%8 a denitrification rate was cal cul ated. In the

Exanpl Es, Jhe gl}ichz "@En @ba) L S Bron ttiecae bghbidid fendrare afbhe SPCLAHSS
expressedin %‘ rms of a weight (g) per 9, 000 20 mof fiber, Onec'inch S
2.54 cm Eﬁ%?] e ahdPeeparathentest} i theianmmialof mateysia iy GRARRRS Was

| sopr opoxi de ngtra Pure Reagent available from Wko Pure Chem cal

| ndustri eg,1ldid atedd300. 0 g) and ethyl 26 acetoacetate (Guaranteed Reagent
avai |l abl e farom Wako Pure
| Denitrification test:
A catalyst filter having a filtration area of 22 cm® was
10 placed at one end of a glass tube having an inner diameter of
53 mm vertically with respect to the glass tube. Then, a test
gas containing 100 ppm of NO, 100 ppm of NH;, IOA% of 0,, 20 %
of H,0 and the rest of N, was heated at‘2Q0°C apd.passed #hrqugh.
the éléss tube ffoﬁ.the dpen end to the end having the filter
15 at a flow rate of 2.2 L/min. From the difference of the
concentration of NO before and after passing through the glass
tube, a denitrification rate was calculated.
In the Examples, the unit n"denier" is an indicator of a
fiber diameter and is expreséed in terms of a weight (g) per 9,000
90 m of fiber. One inch is 2,547cm.
Examplé 1
Preparation of titania catalyst fiber
Titanium isopropoxide (Extra Pure Reagent available from
Wako Pure Chemical Industries, Ltd.) (300.0 g) and ethyl
95 acetoacetate (Guaranteed Reagent available from Wako Pure
Chemical Industries, Ltd.) (55.0 gq) weré dissolved in
isopropanol (Guaranteed Reagent available from Wako Pure

Chemical Industries, Ltd.) (73.6 g), and the solution obtained



Chem cal Industries, Ltd.) (55.0 g) were dissolved in isopropanol

(GQuar ant eed Reagent available from Wako Pure Chem cal Industries, Ltd.)
(73.6 g) , and the solution obtained 12 1 August 2006 was refluxed under
nitrogen atnosphere for one hour to obtl A n Raw Material A Separately,
pure water (3 6. 0 g) was mixed with isopropanol (324.8 g) tbAupugi2906

Al cohol A containing 10 % by wei ght of water. 5 Then, Al cohol A was added
to Raw Material A while stirring and heating the resulting m xture under

ni t r ogen W@sopsphtusednundeyapbEaruny ﬁ!‘@ﬁﬁbg&ﬁel fos ppgr lopre to oRtiadn

| sopropoxi de. After refluxing the m xture f or one hour, the m xture was
further RhedtMatardanad-concentrated with evaporating i sopropanol. until 10

the Ti concentration reached 3.46 x 10-3 Mdl/g to obtain . a polyner slurry.
The rate of hyd?8P3spEehYs %‘&i‘f%é"@é’-&rsg3f3’hgtg’t %és IB%%%W%&’%ESP Fepgnol

oD T S BbEath Ao 5L R b T PBR NS bt o)
chm e oL AL A ot BRI ASHLEERRN kG LAR £ R HBLR T,
1 1ot LS nd S0 IO bt SRR B SRR T SO A R
P Y STEGhEB s P, shbrbekibn o8 R AR S it bspRRIUESY
oot RRERR T glng WRhElEREe ST, Shk etlpppATedyyes e
whi ch wasyebt aiingddl¥as concentrated with evaporating isopropanol until
10 the Ti concentration reached 3.46 x 107? mbl/g to obtain a polymer
slurry. The rate of hydrolysis was adjusted so that the
evaporation rate of isopropanol and the rate of the addition of
isopropanol were substantially the same and*tl:he addition time
was 13d minutes. o |
16 | To the polymer slurry obtained, tetrahydrofuran
(Guaranteed Reagent available from Wako Pure Chemical Industries,
Ltd.) (362 g) was added, and the resulting mixture was refluxed
for one hour to dissolve the polymer contained in the slurry in
tetrahydrofuran. Thereafter, triethoxyvanadyl {(available from
20 High Purity Chemiqals Co., Ltd.) (51.2 g) was added to the
tetrahydrofuran sélution, and the resulting mixture was refluxed -
for another one hour to obtain the solution of the polymer. The
amount of triethoxyvanadyl was the amount such that vanadium was
contained in the titania catalyst fiber, which was obtained by
256 spinning and calcining the polymer, in an amount of 21 % by weight
in terms of vanadium oxide.
The polymer sclution obtained above was filtrated through

a membrane filter of a fluororesin having a pore diameter of 3



25 spinning and cal cining the polyner, in an anount of 21 % by weight in
ternms of vanadi um oxi de. The pol yner sol ution obtai ned above was filtrated
through a nenbrane filter of a fluororesin having a pore dianeter of 3 13
1 August 2006 pm Then, the filtrate wag heated and was concentrated with
evapor ating i sopropanol and tetrahydrofuran to obtain a spi nni Aygusi@d86 (200
g) The spinning dope obtained was nai ntai ned at 400C and was extruded
t hrough a nozzle having a dianmeter of 50 pminto 5 an air at 400C, 60%H
with nitregen gasnhawhy filtrmsssinaofh@dted gdndiwd 2. cOndayrateddwid
resulting spun material was wound at a rate of 70 mMmn. to obtain a
precur sor dvdpratiiey psepropanc if et edixtadiyda faean teabdthin atspimaingn a
t hernostat hum di stat vessel at 85*C, 95%H (partial pressure of steam
0. 053 MPa)idpe (2001§)houfle spidnimendape chtained was maiateinedsatotd ter
one hour to obtain titania catalyst fiber. The titania catalyst fiber
obt ai ned aakwawaextrodadi thrergh f beezhahaging 6 dbangteresopmimnte a
BET specific surface area of 65 nR/g, and a porosity (of pores with a pore
di amet ér Bh efimat 48SE,160ARH 71 bh Mol WiRgeRvdash baXd nPeasbFeasByeachi4f ogen
absorption nmethod, According to X-ray diffraction analysisf the titania
catal yst fHBem cdRai0sMBa) of 2aBAaERG T F AR SRR SN2 tpEiahywas i“f%‘l‘FP%rﬁ%xi de
ot her than anatase one was not found. 20. When the_tjtani g catal yst fiber
Rt £35RRai U

was observedaka RIa79cBAifiRg tR A PELGUESRE, TH3Rhdi UM DBTREHET ¢l es

of Nonwoverneb ARE AANSS] YR HeeT Y Bbra Hh PAGaR e, (oot ab B e ot

fibers vessel at 85°C, 95%RH (partial pressure of steam: 0.053 MPa) for

10 15 hours, and then was calcined in an air at 500°C for one hour
to obtain titania catalyst fiber.

The titania catalyst fiber obtained above was a continuous
fiber having a fiber diameter of 15 um, a BET specific surface
areé of ‘65 m’/g, and é pofoSity (of: pores witﬁ a pore dian'tete'rA

15 of at least 10 A) of 0.18 cm’/g which was measured by a nitrogen
absorption method.

According to X-ray diffraction analysis, the titania
catalyst fiber consisted of anatase titanium oxide, and any
titanium oxide other than anatase one was not found.

20 When the titania catalyst fiber was observed with a scanning
éiectron micfoécope, vanadium oxide particles which tended to drop |
off were not found on the outer surface.

Production of Nonwoven Fabric A

Polyimide fibers (trade name: P84; 2 deniers; short fibers

25 of 60 mm; available from TOYO BOSEKI SALES, Inc.) were processed
by a needle punch method to obtain Nonwoven Fabric A having a weight

per unit area of 200 g/m’.

Production of Scrim A



25 of 60 mm available from TOYO BOSEKI SALES, Inc.) were processed by a
needl e punch nethod to obtain Nonwoven Fabric A having a weight per unit
area of 200 g/n2. Production of ScrimA 14 1 August 2006 Polyimde fibers
(trade nane: P84; 960 deniers; 480 fil 4&4ent vyarn; available from TOYO
BOSEKI SALES, Inc.) were plain woven at a weaving density of ! fpgys 2006
yarn/inch (warp/wef t) to obtain Scrim A having a weight per unit area of
100 g/m~. 6 Production of catalyst filter and eval uation thereof ~ScrimA
was pl aced on NemMwimRife-abbeEs Atrpdenane: 884 nd6hdenpergp ARQ §plamarl
titania catal yst fibers, which had been cut_ _to have a |length of about 3

cm was bl akad akil erdiiemy TIOYPe BOSERT; RALESHeL8C! h HRTEnBLALNsWEKeRhat a
density of the fibers becanme 10 150 g/ my.. Furjhenore,_another nyoven
Fabric A a3 Waatdw Gﬁns%méqfell%’?l@ygﬂfﬁélf‘f;ga %FQjan%ﬁ@sfomf‘?% N 25 B he
resulting layers were needl e punched. The fter, ,the thickness of the

| ayers V\g& hayird & ‘\’/ﬁ’tq}‘t Rek a(?zﬂaer?céa 5.972hd the |ayers were heat

{reat gt S000E o dRed ot 20 ielan "L Vsl Ages Sinee
SarleLe 10 o B RRP 58les e MIERRRE B 402 biag LUsdith, 1
o e B AL 08 et TR deTEfd Cqhneh Rk ot o
test, waspd YIHETs SUNAH 8¢ LBohPe3 4R Wdd AN 4t to make a layer
of the fibers in an amount such that a density of the fibers became
10 150 g/m*. Furthermore, another Nonwoven Fabric A was placed on
the layer of the titania catalyst fiber, and the resulting layers
were needle punched.
- Thereafter, the thickness of the layers was adjuste;l with
flat heat cV:alendering,‘ and the layers were heat tr.eat'ed. at 300°C
15 for 30 seconds, followed by singeing with a gas singer to obtain
a catalyst filter.

The catalyst filter obtained above was subjected to the
dropping test. The dropped amount was less than 3 $. The catalyst
filter, which was obtained in the same manner as above, was

20 subjected to the denitrification test. The denitrification rate
was 70 % or more. |

The catalyst filter, which had been subjected to the
dropping test, was further subjected to the denitrification test.
The denitrification rate was 70 % or more. The denitrification

26 rate of the catalyst filter did not decrease after the dropping
test, although the filter was vibrated with the air pulse jet in
the dropping test.

Example 2



The denitrification rate was 70 % or nore. The denitrification 26 rate of
the catalyst filter did not decrease after the dropping test, although the
filter was vibrated with the air pulse jet in the dropping test. Exanple 2
15 1 August 2006 Production of Nonwovers Fabric B The titania catal yst
fibers which were obtained in the sane manner as in Exanpl e.1August 2086 e
cut to have a length of about 3 cm (150 parts by weight), polyimde fibers
(trade nane: P84; 5 filament dianmeter: 20 ~=; fiber length: about 5 mm
avai | abl e from PToGcBOSEKD £ SdbESoVEncFabti®0Bparts by weight), kraft pulp
obtained fromconifers (67 parts by weight) were dispersed in water and
wer e processed Bhedt pamia waltiadysitef Hoelr s whdishawerelebtaigred-dbr the sBreavi ng
a weight per unit area of 317 gle. The wei ght per unit 10 area of the
titani a chaahest asi berExampie wanisch wegsr citBtoabavygoa gngth mHaRAubL P of
catalyst filter and eval uation thereof On Nonwoven Fabric A produced by
-the net he® 6L5Bxpapte. byfwekght iy APl pimide Hiberne herade pamexaRpte 1 and
Nonwoven Fabric 16 B were gl aced in this order and the resulting |ayers
vere reedfélapaptifbpmetia cdfiiy fiRerIanatiys abantihany ;geatlahke fdoist ed
with flat heat calendering, and | ayer.s were, sjnged with a gas .Ssinger
Yo obt ai nTeleHosEK SRERS cncd (1S par kSt v utl | Sas i stie thed
subjected_to the .droppipg test. .The dr ed anmount was | ess than 3 %. The
catalyst PR EpnifRPRN (RAPEEES REd e kR dhanis of Yhotenatd

were processed by a paper making method to obtain Nonwoven Fabric

B having a weight per unit area of 317 g/m’. The weight per unit

10 area of the titania catalyst fibers in Nonwoven Fabric B was 150
g/m?.

Production of catalyst filter and evaluation thereof

On Nonwoven Fabric A produced by the method of Example. 1,
Scrim A produced by the method of Example 1 and Nonwoven Fabric

15 B were placed in this order and the resulting layers were needle
punched.

Thereafter, the thickness of the layers was adjusted with
flat heat calendering, and the layers were singed with a gas singer
tolobtain a catalyst filter.

20 The catalyst filter obtained above was subjected to the
dropping test. The dropped amount was less than3 %. The catalyst
filter, which was obtained in the same manner as above, was
subjected to the denitrification test. The denitrification rate
was 70 % or more.

26 The catalyst filter, which had been subjected to the
dropping test, was further subjected to the denitrification test.
The denitrification rate was 70 % or more.

Example 3



subjected to the denitrification test. The denitrification rate was 70 %
or nore. 25 The catalyst filter, which had been subjected to the dropping
test, was further subjected to the denitrification test. The
denitrification rate was 70 % or nore. jganple 3 16 1 August 2006
Producti on of Nonwoven Fabric C on Nonwoven Fabric A produced! hyguste0R8t hod
of Exanple 1, Scrim A produced by the nethod of Exanple | and anot her
Nonwoven Fabric A were placed in this order and the resulting | ayers were
5 needl e punchebrodinet on hef tXomkoresrs Pdbrie ¢ ayers was adjusted with flat
heat cal endering, and the layers were heat treated at 3000C for 30
seconds, fol | owen NonwiveyeiBapriic A prgducedngerthe metthed oNExampde Eabric
C having a weight per unit area of 500 g/m . Production of catalyst filter
and eval uSeTm A peocucedobXob®e et ofc ERampdawb\and Raiortihe rBNpnwdyead by
the method of Exanple 2 and anot her Nonwoven Fabric C were placed in this
order. ThEabric i werel pépeedsim thikorder and bhewreRHIRINENayersOWaERi ers;
avai l able from Lenzing), were sewed the resultin l.ayers by quilting to
obtai P a keedl§RuaGhedy  ThenthEheathigkress ek thmdAviass Mosyvadjusted

subj ected to the ed. amount was | ess than 3 The

catal yst Withklat %?ﬁf%@%%&ﬁ;gga%ﬁogﬁﬁ Sayer fliffs hestafsrateaat
o mor e, W0ThcRAc FecopiRre FOLYRRER Pasbearinanr i e s E1B9%Er bipi ng
égrs]it t ry\??%}fafé%ﬂ%ﬁé@ﬁg&%rig 5:& Hﬁggggié &L:Eic;ﬁ%téeornu}lg%téreg rclaef 500 g/m’.

‘ Production of catalyst filter and evaluation thereof

10 Nonwoven Fabric C, Nonwoven Fabric B produced by the method
of Example 2 and another Nonwoven Fabric C were placed in this
order. Then, usuing fluororesin fibers (trade name: PROFILEN;
400 deniers; available from Le_nzing)‘ ’ were sewed the resulting
layers by quilting to obtain a catalyst filter.

16 The catalyst filter obtained above was subjected to the
dropping test. The dropped amount was less than 3 %. The catalyét
filter, which was obtained in the same manner as above, was
subjected to the denitrification test. The denitrification rate
was 70 % or more.

20 The catalyst filter, which had been subjected to the
dropping test, was further subj ected to the denitrification test.
The denitrification rate was 70 % or more.

Example 4
Production of Nonwoven Fabric D

26 Polyimide fibers {(trade name: P84; 2 deniers; short fibers

of 60 mm; available from TOYO BOSEKI SALES, Inc.) (40 parts by

weight) and fluororesin fibers (trade name: PROFILEN; 2.4 deniers

on average; fiber length: 60 mm; available from Lenzing) (60 parts



Exanpl e 4 Production of Nonwoven Fabric D 26 Polyimde fibers (trade nane:
P84; 2 deniers; short fibers of 60 mm avail able from TOYO BOSEKI SALES,
Inc.) (40 parts by weight) and fluororesin fibers (trade name: PROFILEN;
2.4 deniers on average; fiber length: $9 nm available from Lenzi n% gGO
parts 17 1 August 2006 by weight) were nixed and processed by A4guHiz00
punching to obtain Nonwoven Fabric D having a weight per unit area of 200
g/ m-. Production of ScrimB Fluororesin fibers (trade name: PROFILEN;, 400

deni ers; $#9 wlight prfdite YamEd bndSpr&edSs&H/Y nevaileaplfiching 63 #itn Wer e
plain woven at a weaving density of 25/25 yarn/inch (warp/wef t) to obtain

Scrim B haénwgveanWgablticper havihgaaeredfhtOped/ dhit Paeduchiropoof ggat al yst
filter and eval uati on thereof On Nonwoven Fabric D, Scrim B, Nonwoven
Fabric B produc®dodh@thygnt b€ serhimdBof Exanple 2 and anot her Nonwoven
'Fabric D were placed in.this order and the resulting | ayeres were needl e
punched. Then, Flherblresknefibefst herddey erasneaFROFILENed400t defiiats hept
cal endering, and the layers were singed with a gas singer to obtain a’
cat al ygt ffilbment g&rThéwdstad Q0T /Mt evabbabil actirahdben 2iagy)swbreqledn o
the dropping test. The dropped amount was |ess than 3 % The catal yst
filter, wwovenatsamsaiingidensite ofad® 2hwacn/dschbiotarpiwatt)stbjoddtada t o
the denitrification test. The denitrification rate was 70 %or nore. 20
The cat al psifm Bt BaViRgi ehwpaahbeRArsubjbcareat@ft h@0 af®pping test, was
further subjected to the denitrificatign test. The denitrification rate
was 70 % or nor &roduction of catalyst filter and evaluation thereof

On Nonwoven Fabric D, Scrim B, Nonwoven Fabric B produced
by the method of Example 2 and another Nonwoven Fabric Dwere placed
in this order and the resulting layeres were needle punched. Then,
the thickness of the layers was adjustedwith flat heat calendering,
and the layers were singed with a gas singer to obtain a catalyst
filter. |

The catalyst filter obtained above was subjected to the
dropping test. The dropped amount was less than 3 %. The catalyst
filter, which was obtained in the same manner as above, was
subjected to the denitrification test. The denitrification rate
was 70 % or more.

The catalyst filter, which had been subjected to the
dropping test; was further subjected to the denitrification test.

The denitrification rate was 70 % or more.




1 August 2006 18 What is clainmed is; 1. A catalyst filter conprising
titania catalyst fiber having a catalytic activity on the renoval of
nitrogen oxides, said fiber containing at | east one of netals, netal

oxi des and conpl ex conpounds of an el enent sel ected fron1thq,§{ E?ﬂo
consi sting of vanadium tungsten, alunmnum arsenic, nickel Em
nol ybdenum rut heni um magnesi um cal ci®um and platlnun1 and at | east one
| ayer of nonwoven fabric of polymer fiber. 2. The catalyst filter

accor di fg3to 18 sil@itedwAérein said titania catalyst fiber is retained in
at | east one layer of nonwoven fabric of polyner fiber. 3. The catal yst
filter according to claiml, which conprises at |least two | ayers of
nonwoven fabtic Af q&tlaﬁry@rt fibeerampratrisdast bhbahagercafakhitd HibgEi a

catal yspoliRer s b liGRSL R LAXSS Al e LIhaha 6t AlYaboLhbeheiheisng

| nt er pose yers ol nonwoven cat'al yst

filter gacardibBgrt @oelltallmliag \Mtel’l%amtsaa‘onb @@Immealé;bmetas atciBeastandne
fi ber selected fromthe _grou consi sting of polyam_de fiber, pol%ﬁgggylene
fiber, 56m9é§¥ercompﬁ@nd8acp || 80f | BéPMeBEanPELlEFber, £FGBr otBEi n

pol yEt h@&ns%%gﬁgf ' vaHQEXBH‘ dec&ﬂéjﬁ:ren pol iﬁﬁl@ﬂﬁ!ﬂeneaz?éjérﬁi(ge fikgle1and

pol yket one A net for uci'ng a catalyst filter conprising
t he stepscoﬁiuﬂispmmﬁyhﬁdﬂwmwnaruahamy@m fi regnasdupoel ynexldiwer iamda
sol vent io obtain_a dl%p rsi Qn of the fibers and

atinum, and eas one layer o nonwoven fabric of polymer

fiber.

2. The catalyst filter according to claim 1, wherein said
titania catalyst fiber is retained in at least one layer of

nonwoven fabric of polymer fiber.

3. The catalyst filter according to claim 1, which
comprises at least two lavers of nonwoven fabric of polymer
fiber and at least one layer of said titania catalyst fiber, at
least one layer of the titania catalyst fiber being interposed

between at least two layers of nonwoven fabric.

4. The catalyst filter according to claim 1, wherein said
polymer fiber is at least one fiber selected from the group
consisting of polyamide fiber, polypropylene fiber, polyester
fiber, acrylic fiber, aramid fiber, fluororesin fiber, polyether
imide fiber, polyimide fiber, polyphenylene sulfide fiber and
polyvketone fiber.

5. A method for producing a catalyst filter comprising the
steps of:

dispersing titania catalyst fiber and polymer fiber in a
solvent to obtain a dispersion of the fibers and

forming a sheet from the dispersion of the fibers to cobtain the



formng a sheet fromthe dispersion of the fibers to obtain the 1 August
2006 19 catalyst f ilter, said catalyst filter conprising titania

catal yst fiber having a catalytic activity on the renoval of , nitr

oxi des, said fiber containing at |east. one of netals, netal15&iﬂi§&§ﬁd
conplex conpounds of an el enent select®¥ from the group con5|st|ng of
vanadi um tungsten, _alum num, arsenic, nickel, zirconium ybdenum

ruthenlﬁﬁFa%ﬁﬁ%esﬁﬁﬁFeEalcﬁ@ﬁ@an&mﬁﬂ%ﬁqquuﬁl%ﬁﬁFaICP@BE%Sbﬂ% I&ﬁ&?néﬁ

nonwoveg,f abrsc ¢f b@?l Wlngf'gercatgly%l@tatwl\fﬁ PEAJUHNGram&a Bl p§t
filter conprising the step ©of placing a | ayer of tltanla catal yst fiber on

a IayernDtrog@@moHedeEabsaadoﬁlb@tymmnﬂﬁumemgsﬁﬁ(ﬂeﬁﬁ%19@$ pE| metals,
conprisin i tani.a cat | yst fi ber havin talyt a

vl mSr=hi PRUSER” Braerelen SRS o hg Lk s P 88, B,

et al oxhdegrang COMYiex ieQMRAUNESnAd1 @R, et@ﬁ@menselaeamedumomhmgr oup

consi sting of vanadium tungsten al um num arsenic, nickel Z|rcon|un]
nDIybdeﬁhﬁ¥e¥uthbﬁ¢@@ﬁumrm@éh%#@ﬁﬁUWXHRHQHﬁQ%Hﬁ[MW%QQﬁ%ﬁuman&aéFlpﬁaép one

| ayer o 1%EPHMHVEQnéaQE'§é% %Qﬁiagéﬁnﬁ gbn&@@éﬂefgggléngrg NYmee

cl ai m 6, ereln salrd nonwven sald titania catalyst fiber are
fixed tbigeeher by adhering, knitting with yarns or entw ning of the
fibers. 8. A nethod for treating exhaust gas conprising passing exhaust
gas through a catalyst filter according to claiml.

6. A method for producing a catalyst filter comprising the
step of placing a layer of titania catalyst fiber on a layer of
nonwoven fabric of polymer fiber, said catalyst filter
comprising titania catalyst fiber having a catalytic activity on
the removal of nitrogen oxides, said fiber containing at least
one of metals, metal oxides and complex compounds cof an element
gselected from the group consisting of wvanadium, tungsten,
aluminum, arsenic, nickel, zirconium, molybdenum, ruthenium,
magnesium, calcium and platinum, and at least one layer of

nenwoven fabric of polymer fiber.

7. The method according to claim 6, wherein said nonwoven
fabric and said titania catalyst fiber are fixed together by

adhering, knitting with yarns or entwining of the fibers.

8. A method for treating exhaust gas comprising passing

exhaust gas through a catalyst filter according to claim 1.



