TI M-E OMTHE | NVENTI ON NOx Adsor bent s BACKGROUND OF

THE FNVENTI ON  FI ELD OF THE | NVENTI ON The present invention relates to
adsorbents for efficiently adsorbing and renoving nitrogen oxides (NOx)
from.gases which contain much noisture and | ow concentrati on, fnqo

exanpl e, a few ppm NOx such as gases ldischarged by ventilation from
hi ghway t uroreL.E. OF THHEIEeINVEMMIONM al so relates to inorganic porous solid
acid carriers which conprise Mh added to titania. For exanple, these

carriers are suitably used for NORSRAdsdidbgnts he above- menti oned NOx
adsor bents. DESCRI PTI ON OF THE RELATED ART Known NOx adsorbents are
t hose obtained by supporting oxides of netals such as Ru and Ce on
anat ase-type titania and baking the titania, those obtained by supporting.

oxi des ofgAekaRpuis bPSTRE aNgEderdya carrier such as' zeolite and
silica-alumna and baking the carrier in the same ‘manner, etc.
FIELD OF THE INVENTION '

The present invention relates to adsorbents for
efficiently adsorbing and.removing nitrogen oxides (NOx)
from gases which contain much moisture and low-
concentration, for example, a few ppm NOx such as gases
-dischargéd by ventilation from highway tunnels.

The invention also relates to inorganic porous solid
acid carriers which comprise Mn added to titania. For

example, these carriers are suitably used for constiiuting

the above-mentioned NOx adsorbents.

DESCRIPTION OF THE RELATED ART
Known NOx adsorbents are th&se obtained by supporting
oxides of metals such as Ru and Ce on anatase-type titania
and baking the titania, those obtained by supporting oxides
of metals such as Ru and Ce on a carrier such as zeolite

and silica-alumina and baking the carrier in the same
manner, etc.
The adsorbent comprising titania as a carrier has a

defect in thermal resistance, for example, NOx adsorbing

performance falls rapidly by heating at 400 °C in air. The




The adserbent conprising titania as a carrier has a defect in thermnal
resicstance, for exanple, NOx adsorbing performance falls rapidly by
heating at 400[err]Cin air. The _ 2 NOx
adsor bing performance falls, although slowy, even by heating at

300[err]C, which leads to problens in practice, considering that heating
at around N9x [ad39rbisgnpesfsamance faddser Aleharghdsbewdat. even (pyt he
ot her hand, the adsorbent conprising Al-Si system conpound oxi des such as
si | i ca- al uhiead fargl 2boBP0e ° Cas whichrleadsassrdklems dhePRACkie? st ance,
and the drop in NOx adsorbing performance i s not observed even by heating
at about 4@dnsidéfingonbadr hedtiingosbr aepunds 256 ° Qobd necmssary to
resi stance, and the adsorbing performance falls by repeating adsorption
and desor ptregrerdrdiOe. the aSiswarbdriigh silica zeolite which is considered to
be satisfactory in acid resistance has a very small pore dianeter of |ess

than 5 angstrom #He gehért Rahds any cdeorbéhat cpmpesi siwgbhdekad in
supporting conpounds of Ru and/or Ce thereon by inpregnation and that

suf fici ent ghit entdsOmpbigdpesfiddPitck aasn8l 1he a0k Rimeda and lZecaddid i on,
since the limt of NOx adsorbing _
as a carrier has sufficient thermal resistance, and the
drop in NOx adsorbing performance is not observed even by
heating at about 400 °C. However, this adsorbent is not
good in acid resistance, and the adsorbing performance
falls by repeating adsorption and desorption of NOx.

Since high silica zeolite which is considered to be
satisfactory in acid resistance has a very small pore
diameter of less than § angstrdm, the zeolite has a problem
that pores are blocked in supporting compounds of Ru and/or
Ce thereon by impregnation and that sufficient NOx
adsorbing performance can not be obtained.

In addition, since the limit of.NOx adsorbing
performanée, expreésed in the volume.of gases per the
weight of the adsorbeﬁt, is up to about 2-3 ml/g in the
initial performance, it is necessary to regenerate the
adsorbent frequenﬂly.

The first object of the invention is to provide an NOx

adsorbent which is excellent in thermal resistance and acid

resistance and can exhibit a high adsorbing performance.



performance, expressed in the volune of gases per the weight of the
adsofbent, is up to about 2-3 m/g in the initial performance, it is.
necessary to regenerate the adsorbent frequently. The first object of
the invention is to provide an NOx aglsorbent which is excellent in therm
resi stance and acid resistance and can exhibit a high adsorbing

performance. phe second object of the inventidn is 106 peevidoarcioef
the invention is to provide an NOx adsorbent which exhibits high thernal

resi stance,gad Hdfh ¢RIEH! ¥XHL NG OEQd %”Qhe%@'ie@%t%@é eghddgerai ng

per f or mance by Trepeati ng adsorptlon and” desor pti on of

Si11ca-al ughad.s D hia® OUPHUY S £61 8008 Sy pba WiRGIgaL] on of

silica being a s e tetrava eing a trival ent

of silica BRatoptHfds Byl ge%%fa&i%r?o AF8 AR P%%%ESE’?? £k oker
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Sites. O Ehe oRaakian P piadba Fefed.a SR LT fefyalpiedl Sblde,
and alumina being a trivalent oxide, zeolite, which is a
special crystal consisting of the combination of silica and
alumina, etc. are known to exhibit strong solid acidiiy.
These are usually used as inorganic porous solid acid
carriers by granulating powders and also used as catalysts,
adsorbents, etc. by adsorbing and supporting trandition
metals, noble metals, etc. on acid sites.

Aluminium oxide in thése carriers is relatively apt to
be eroded by acids or alkalis, the crystal structures of
the carriers often change, and the acid sites often-

'disappear while the carriers are used, so that the carriers
exhibit impaired catalytic performance, ‘etc. In particular,
the impaired performance leads to problems when these
carriefs are used in a liquid phase system which has pH of
lower than 4 or higher than 10 or in a gaseous phase system
which contéins acidic gases such as SOx, NOx and c12.

Still another object of the invention is to provide a

titania carrier which can retain an excellent catalytic

performance without permitting the change in crystal



be eroded by acids or alkalis, the crystal structures of the carriers
often change, and the acid sites often disappear while the carriers are
used, so that the carriers exhibit inpaired catalytic performance, etc.
particular, the inpaired performance ldeads to probl ens when these

carriers are used in a Jiquid phase system whi¢ch has _pH. of | r .than 4 or
hi gher t har®YPugture é’%a %uggﬁﬁé@é’ 2 e whPEf ESEt%%sa%g&g?é%es

such as SOx, NOx and gégfrr
to provi de ¥heRj thfi §

%. Still another object of the invention is
¥¢%ri§nr88%%an retain an excellent catalytic

performance wi thout permtting the change in crystal
4 structure of the carrier and the loss of the acid sites when the

carrier

i s used. SUMVARY OF THE | NVENTI ON The first aspect of the

i nventi on iSUMMARKQQF]SHH NKENERIINr bent conpri si ng adsorbi ng conponents
supported on a titania carrier wherein the carrier is a Mi-Ti system
sur f ace-r ef or e t fLHALa asPeGteroBothendavientaddn nts at whp regstriIndnt JOx
anor phous titania and baking the titania and the adsorbing conponents ar
oxi des of RdsoxbentCeompSuicsiing adsorbing components supported on a

titania carrier wherein the carrier is a Mn-Ti system
surface-reformed titania carrier obtained by adding a Mn
compound to amorphous titania and baking ﬁhe titania and
the adsorbing components &re oxides of Ru and/or Ce. (Such
NOx adsorbent is hereinafter referred ﬁo as the "first NOx
adsorbent".) .

The second asﬁect of the invention is to provide an NOx
adsorbent comprising adsorbing components supported on the
titania carrier wherein the carrier is the Mn-Ti system
surface-reformed titania carrier obtained by adding a Mn
compound to amorphous titania and baking the titania and
the adsorbing componenté are oxides of Ru and Ce, and an
oxide of at least one metal among Ag, Cu and Mn. (Such NOx
adsorbent is hefeinafter referred to as the "secand NOx
adsorbent”.)

The third aspect of the invention is to provide a Mn-
added titania carrier obtained by adding_a Mn salt to

amorphous titania and baking the titania. The titania

~carrier is produced, for example, by impregnating a

In

e



Nox adsorbent is hereinafter referred to as the "first NOx adsorbent”.)
The :second aspect of the invention is to provide an NOx adsorbent

conpri sing adsorbi ng conponents supported on the titania carrier wherein
the carrier is the WMh-Ti system sur$ace-refornmed titania carrier obtained
by adding.a Mh conpound to anorphous titania and baking the titania and

t he adsor b$wugstenshepbtainedobii@vaporating @ tidmnba colil@dld#l at | east
one nmetal anmong Ag, Cu and Wh. (Such NOx adsorbent is hereinafter referred
to as the setutddrmdo dAuyoessnwith a Mangahese spetselutden andhtion is
to provide a Mh- added titania carrier obtained by adding a Wh salt to
anor phous bakaniga tdal $rakshgnles titania. The titania carrier is produced,

for exanple, by inpregnating a _ 5 substance
obtai ned by evaporating a titania colloidal solution to dryness with a
manganese salt solution and baking the substance. BRI EF DESCRI PTI ON OF

THE DRAW NERIEF DESRREPTION oFgmaEsh DREWINGSH al ati ons between the
figure 1 is a graph showing ralations between the
number of repeating adsorption and desorption of NOx and

the denitration rate.
| Figure 2 is a graph showing ralations between the

cerium concentration in the immersion bath and the
saturated amount of NOx adsorbed.

Figufe 3 is a graph showing ralations between the
elution time and the Mn elution rate.

Figure 4 is a graph showing ralations between the
numbe: of repeating temper;ture rise and temperature drop

and the residual rate of acid.

DETAILED DESCRIPTION OF THE INVENTION

In the firsi NOx adsorbent of the invention wherein the
carrier is the Mn-Ti system surface-reformed tiﬁania
carrier obtained by adding the Mn compound to amorphous
titania and baking the titania and the adsorbing components
are oxides of Ru and/or Ce, amorphous titania can be a
piate obtained, for example, by impregnating an

incombustible fibrous preform with a titania colloidal



nunber of repeating adsorption and desorption of NOx and the denitration
rat e. Figure 2 is a graph showi ng ral ati ons between the cerium
concentration in the i mersion bath and the saturated anount of NOx
adsor bed. Figure 3 is a graph sgowi ng ral ati ons between the elution
time and the Mh elution rate. Figure 4 is a graph showi ng ral ations

bet ween t kluwpdrr aslid rdpebthg ngheeppefitn & Thecamakntenper ahorphduxp and
the residual rate of acid. DETAI LED DESCRI PTI ON OF THE | NVENTI ON In

the first NQamflaorbeindd the tRY8NplataVid pReEleabldyf ré@+96% bye M- Ti
system surface-reforned titania carrier obtained by adding the M conpound

to anor pheusig ﬁuamb&eartﬁké)ﬂwm%hest-latsamay Xpdighe .adsor bi ng conponents
are oxides of Ru and/or Ce, anorphous titania can be a plate obtained, for

exanpl e, by ifpragdakirataiod EPSOHBELE!, et&febrmvscaﬁefa%mivsth atitania

col | oi dal solution and drying the

preform L @dPaiyob @@ﬂiﬂU“ﬁmol/g Ti0,, more preferably 0.5-2.5
mmol/g Tioz,_most preferably 0.6-2.0 mmol/g Tioz, the Ru
content is preferably more than 0.05 mmol/g Tioz, more
preferably 0.05-2.0 mmol/g Tioz, most preferably 0.1-0.2
mmol/g Tioz, and the Ce content is preferably more than 1.0
mmol/g Tioz, more preferably 1.0-10 mmol/g_TiOz, most
preferably 1.5-2.5 mmol/g Tioz. The specific surface area
of the carrier is preferably 40-200 mz/g, more preferably
70-140 mz/g, and the specific surface area of the NOx
adsorbenp is preferably 40~200 mz/g, more preferably 70-140
mz/g.

Amorphous titania constituting the carrier is obtéined,
for example, by drying a titania colloidal solﬁtion
obtained by the nitrate hydrolysis method.

In the first NOx adsorbent, the carrier may be a metal-
Ti system surface-reformed titania carrier obtained by.
adding the Mn compound and/or the second compound of at
least one metal selected from the group consisting of Cu,
Fe, Ni and Sn to amorphous titania and baking the titania.

The first NOx adsorbent is preferably prepared, for

example, by impregnating amorphous titania with a Solution



titania retained in this plate is preferably 60-95% by weight, nore
preferably 75-85% by wei ght. In the first NOx adsorbent, the M content
is preferably 0.01-3.0 nmol/g TiJerr], nore preferably 0.5-2.5 nmol/g
TiJerr], nost preferably 0.6-2.0|ﬂny/g TiJerr], the Ru content is
preferably nore than 0.05 mmol/g TiJerr], nore preferably 0.05-2.0 nmol/g

Tiderr], sgsh MAtigandky Qohpgduhd MPaAking @ ritandal hand supperting
preferably nore than 1.0 mmol/g TiJerr], nore preferably 1.0-10 mmol /g

Tiderr], tRét oxlddLer 88l Rul ardy/dxr ®@! 68 the ebtaidée Mpedif isysuamace
area of the carrier is preferably 40-200 m/g, nore preferably 70-140

nierr]/ g, sa¢frhlkte-sPeeotingasihaGsl £A'E@€arelocle AMIrpRIssT ReRania RiFd&r fR! Y
40- 200 nR/ g, nore preferably 70-140 2 nferr]/g Anor phous titani a

constituti h LET ol ' , |5, BV i n |
col | oi dal ggligt ?ofr?é%%fasﬁgd%qtlgn?t{?gtaéaﬁ?oiiﬂr{c?y%% 'rr%t %ng%gt 4?{}5?%

first NO ?ﬂéoﬁ.g%bﬁgéiﬁﬁér !ﬂ%ﬁ&tfsﬁgﬁfg;&.ag%hﬂ tBYSiefania

surface-reforned titania carrier ng the Mh conpound and/ or

t he seCOn%8?%%2%°%t%lﬁ§a§%’d&%ﬁghﬁsl ?,&te%glﬁpm t he group

consisting o _ _ ous titania and baking the

L egna 15 e R RGeS, ST ELSLATY LB SO orlont b o
the manganese compound in the above—meniioned process,
amorphous titania is immersed in a Mn'solution contéining
preferably 0.2-5.0 mol/l, more preferably 0.5-1.5 mol/l of
a manganese compound such as chloride, nitrate, salt of
organic acid and alkalli manganate, then the titania is
baked preferably at 250-600 °C, more preferably at 350-
600 °C, most preferably at 380-450 °cC.

To support the oxides of Ru and/or Ce on the above-
mentioned carrier, amorphoué titania is immersed in A_Ru
solution containing preferably 0.05-0.2 mol/l, more
preferably 0.1-0.15 mol/l of a'ruthenium compound such as
chloride, nitrate, carbonyl compound and organic
alcoholate, the titania is baked preferably at 250-380 °C,
more preferably at 300-350 °C, and/or the amorphous titania
is immersed in a Ce solution containing preferably i.S
mol/l-saturated conéentration, more preferably 2.5-2.8

mol/l of a cerium compound such as chloride and nitrate,

then the titania is baked preferably at 250-380 °C, more



7 of a manganese conpound, baking the titania, and supporting the oxides
of Ru and/or Ce on the obtained Mh-Ti system surface-reforned titania
carrier. Anorphous titania used in this process can be also a plate
obtained by inpregnating the inconbustible fibrous preformwth the
titania colloidal solution and drying the preform To i npregnate
anor phous tprefie zahiliyh athe3 80+8600% Cof Rutizenbhnganesk: asrhemnnayn kee
above-nenti oned process, anorphous titania is imersed in a M solution
cont ai ni ng syppbdeted WM. 2abnOusthhy andmengreieonablati) codtaiming tife a
manganese conpound such as chloride, nitrate, salt of organic acid and

al kal i mngarcthéeniuherrdnipsoind aahd an idiers Poaf Baah Yarit 2601690 thay r] C,
nore preferably at 350- 600 [err]C, nost preferably at 380-450 C. To

support theexdidifscompdumddind heyobet Rapivreed ERNtNEEshm@r tife using
anor phous titania is imersed in a Ru solution containing preferably

0.05-0.2 mMYrld , ifiMees iReiEith| YoRta18iky BULh ©hea rutiHuit bl 6OMPOUHE

'such as chloride, nitrate, carbonyl conpound and organic al coholate, the
titani a is dpkether ebeidd Yecthps@Rg380 [err]C,  nore preferably at 300-350

[err]C, and/or the anorphous titania is imrersed in a Ce solution
containing preff{sdh¥sé Ritrate, ruthenium chloride and cerium
nitrate are preferable as the manganese compound, ruthenium
compound and cerium compound respectively.

In the second NOx adsorbent of the invention wherein
the carrier is the Mn-Ti system surface-reformed titania
carrier obtained by adding the Mn compound to amorphous
titania and baking the titania and the adsorbing components
are oxides of Ru and Ce, and an oxide of at least one metal

.among Ag, Cu and Mn, amorphous titaqia can bé a plate
obtained, for example, by impregnating the incombustiple
fibrous preform with the titania colloidal solution and
drying the preform. The amount of amorphous titania
retained in this plate is 60-95% by weight, preferably 75-
85% by weight.

In the second NOx adsorbent, the Mn c&ntent is
preferably 0.01-3.0 mmol/g Tioz, more preferably 0.5-2.5
mmol/g Tioz, most preferably 0.6~2.0 mmol/g Tioz, the Ru
content is preferably more than 0.05 mmol/g Tioz,'more

preferably 0.05-2.0 mmol/g Tioz, most preferably 0.1-0.2



nol /| -saturated concentration, nore preferably 2.5-2.8 nol/l of a cerium
conpound such as chloride and nitrate, then the titania is baked
preferably at 250-380 C, nore ' 8
preferably at 300-350 [err]C. Ruthegiumand ceriumnay be supported in
turn-using an i mrersion bath containing the ruthenium conpound and an
innersionmnmh/gomwniur@mdhéheceﬂlﬁnnxnmmumd Pk fewabbysmope ttdrhratlt de
same tinme using one Tmersion bath containing-both the rutheni um conpound

and the(xmmunygommn%mtmore prafarabdyilr0+e) mmidisfy UTLOYI, omodet and
cerium nitrate are preferable as the nmanganese conpound, r{thenium

conpound giitle £@krialiDyc ANPHERASr ampeyig e, . Thel eonteersecofdalOl s tOrdeat
of the invention whérein the carrier is 4he M-Ti system surface-reforned

titania orReLa®r aqleind} egl, byuagddansint N reparavng to. Bo®L phaRsL Ag t ani a
and baking the titania and the adsorbing conponents are oxides of Ru and

Ce, and anppxi Jemeirealptepstanio Uet:aaiz.ﬁrmﬂawg, 70 andrid, spEerFIUS
titania can a plate obtained, for exanple, by |nﬁ%egnat|ng t he

roomhust et Ehb s TG0 s 44 oEb ety G- 50007 ibre

preferably 70-140 mz/g, and the specific surface area of
the NOx adsorbent is preferably 40-200 mz/g, more
preferably 70-140 mz/g.

In the second NOx adsorbent, the carrier may be a metal-
Ti system surface-reformed titania carrier obtained by
adding the Mn compound and/or the second compound of at
least one metal selected from £he group consisting of Cu,
Fe, Ni and Sn to amorphous titania and baking the titania.

The second NOx adsorbent is preferably prepared, for
example, by impregnating amorphous titania with a soiq;ion
of the manganese compound, baking the titania, impregnating
the obtained Mn-Ti system surface-reformed titania carrier
with the solution of the oxides of Ru and Ce, and the oxide
of at least one metal among Ag, Cu and Mn, and baking the
carrier. Amorphous titania used in this process can be aiso.
a plate obtained by impregnating the incombustible fibrous
preform with the titania colloidal solution and dry;ng the
preform.

To impregnate amorphous titania with the solution of



retained in this plate is 60-95% by wei ght, preferably 75- 85% by wei ght.
I n t:he second NOx adsorbent, the Wh content is. preferably 0.01-3.0 mvol /g
TiJerr], nore preferably 0.5-2.5 mmol/g Ti 2, nost preferably 0.6-2.0
mmol/g TiJerr], the Ru content i¥preferably nore than 0.05 mmuol /g
Ti-err], nore preferably 0.05-2.0 mmol/g Tigerr], nost preferably
0.1-0.2 +the manganese compound in the GbovetnenfiiChed [pragesSshe Ce
content is preferably nore than 1.0 mol /g TidJerr], nore preferably

1.0-10 Mmahideghébsr thitamld is pimhetaedy ih Stie MnmBoLlgtliod exoftainéng
content of at |east one metal anong Ag, Cu and Mh is preferably 0.1-5.0

mol /g PddmsFdb1§o08 2 efEmdl y10. Rozed pratd gabl e or5l-1 . Fnancheti bifc

surface area of the carrier is preferably 40-200 nierr]/g, nore

preferabl ¥ heD-ddgahese] /cbm d hgusneaisf ichIoridep ALeaxadle, ddibt NOE
adsorbent is preferably 40-200 nerr]/g, nore preferably 70-140 nierr]/g.

In the segqRfhdNX 283@r RAH .a kKl LahahGanTe DetlfeNBLRE- t itarfs o
surface-refornmed titania carrier obtained by adding the M conpound and/ or

Comet e oS R PRty PSS PLeOITIE, S gl tesmy kot
titania. gog °c, most preferably at 380-450 °C.

To support Ru oxide, Ce oxide and the oxide of at least
one metal among Ag, Cu and Mn on the above-mentioned
carrier, amorphous titania is immersed in the Ru solution
éontaining preferably 0.05-0.2 mol/l, more preferably 0.1-
0.15 mol/l of the ruthenium compound such as chloride,
nitrate, carbonyl compound and organic alcoholate, the
titania is baked preferably at 250-380 fc, more preferably
at 300-350 °C, the amorphous titania is immersed in the Ce
solution containing preferably 1.5 mol/l-saturated -
concentration, more preferably 2.5-2.8 mol/l1 of the cerium
compound such as chloride and nitrate, the tiyania is baked
preferably at 250-380 °C, more preferably at 300-350 °C,
the amorphous titania is immersed in a metal solution
containing preferab;y 0.3-1.5 mol/l, more preferably 0.5-
1.5 mol/l of a metal compound such as nitrate, salt of
organic acid and chloride (only Cu and Mn) of at least one

among Ag, Cu and Mn, then the titania is baked preferably

at 250-380 °C, more preferably at 300-350 °C.



The second NOx adsorbent is preferably prepared, for exanple, by

| npregnati ng anorphous titania with a solution - of the manganese conpound,
baking the titania, inpregnating the obtained Mi-Ti system
surface-reforned titania carrier wth the solution of the oxides of Ru and
Ce, and the oxide of at |east one nktal anong Ag, Cu and Wh, and baking

the carrier.pdvRERAQNS ddAim A380ath iidB$t PbRECMRLEAN difbrRgSAg,aqy ate
obt ai ned by inpregnating the inconbustible fibrous preformwth the

titani a coldel gl w39 Wd WupPrtedl 19 iernPhgiAhMan Lrkfle SP6ATBEL

anor phous titania wth the _ _ (

1, mnoaESE ASHRAY LY HONGHES, TALS0Rd, PenCasdar ta bty |20 2

o 1 1200 Paindy e orl i SBABRIGTE ERAVPHAC UL SRREBRLLLE, |
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containing the ruthenium compound, the cerium compound and
the compound of at least one metal among Ag, Cu and Mn
together.

Manganese nitrate, ruthenium chloride and cerium
nitrate are preferable as the manganese compound, ruthenium
compound and ceriqm compoundmrespectiveiy, and nitrates are
preferable as £he compound of at least one metal among Ag,
Cu and Mn.

Thermal resistaﬁce of the NOx adsorbent comprising the
oxides of Ru and/or Ce as adsorbing components can Be_.
improved by:

i) adsorbing and supporting Ru ion or Ru complex ion on
the acid sites of the carrier solid acid,

ii) baking the carrier at relatively low temperatures,
1ii) covering the residual acid sites.with Ce ion or Ce
complex ion, and

iv) arranging the excess Ce around Ru and baking the
carrier.

High acid strength of the carrier solid acid makes



containing preferably 0.05-0.2 nol/Il, nore preferably 0.1- 0.15 nol/I| of

t he rut heni um conpound such as chloride, nitrate, carbonyl conpound and
organic al coholate, the titania is baked preferably at 250-380 C, nore
preferably at 300-350 [err]C, the ann;?hous titania is inmersed in the Ce
sol ution containing preferably 1.5 nol/1-saturated concentration, nore
preferably hérfla3 meEgisbantBehdgham conmpound such as chloride and
nitrate, the titania is baked preferably at 250-380 [err]C, nore
preferably at Té- 836 S[icrgydt.emt bompoand @miside t anown as raestsedngnsaliet al
solution containing preferably 0.3-1.5 nol/I, nore preferably 0.5- 1.5
mol /1 of a aeidl cadriemdcaschigh nhemial saslsthno ganistated abdve.
chloride (only Cu and M) of at |east one -anong Ag, Cu and Mh, then the
titani a i s Hewedep!, eittieadyidasi2el- WG dpped L, berauvefthidl gxate3ds 350
[err] C 11 Rut heni um cerium and at

| east one péel geBEANAMGcd rasdsManEy died SNDPebnpdrdht Ui YEENG1aN
i mrer sion bath containing the ruthenium conpound, an inmersion bath

cont ai ni ng 4} £€6hUWHAYR L@ draBfoh3sd HIETEY §+ Oéxﬁibfiti‘iﬂ{:t@éﬂi&gaéidh@.%?t
one netal anong Ag, Cu and WMh, and nmay be supported at the sane tine uSing
one i mersiQ,d24 8 formation of nitrate or nitrite and thermal
decomposition and is separated from the skeleton by
repeating adsorption and desorption of NOx when the
adsorbent is used. As a result, thermal resistance of the
adsorbent disappears and the performance of the adsorbent
falls remarkabiy when the adsorbent is heated and
regenerated. |
It is preferable to use a carrier exh;biting strong
solid acidity and high acid resistance in order to prevent
this phenomenon. |
The first NOx adsorbent was prepared by supporting the
oxides of Ru and/or Ce as adsbrbing compoﬁent on the
surface-reformed titania carrier prepared_by.adding the Mn
salt on amorphous titania and baking the titania. This NOx
adsorbent exhibits high thermal resistance and does not
exhibit an impaired adsorbing performance at all by
adsorption and desorption of NOx.

Examining the NOx ddsorbing performance in more detail,

the inventors found that NOx in gaseous phase is first



cont ai ni ng the rutheni um conpound, the cerium conpound and the conpound of
at |east one netal anong Ag, Cu and Mh together. ~ Manganese nitrate,
rut henium chloride and cerium nitrate are preferabl e as the manganese
~conpound, ruthenium conpound and ceriumsconpound respectively, and
nitrates are preferable as the conpound of at |east one netal anong Ag,

Cu and MWh.adsorbledr mai Resostideqe mifgrtdee $iConadhe ol idogprifacey tidheCe

oxi des of Ru and/or Ce as adsorbing conmponents can be.. inproved by: i)
adsor bi ng ewiideyppmad i1y Ruxednthedal conplex ion on the acid sites of the
carrier solid acid, ii) baking the carrier at relatively |ow tenperatures,
iii) coveringrhiéeNogsifiidt ton dbgi tes prdsumabignaecompanbepl exei on, and
iv) arranging the excess Ce around Ru and baking the carrier. H gh acid
strength ofollewialy i¥saspibfsaci d makes.

12 thermal resistance higher. The Al -Si system conpound oxi de known as

a strong smigkoagbgd§u4¢@(N@%§2hi@@djmy@@% resi stanggjas stated above

2N02+2Ce02 3)2

The existence of tetravalent Ce oxide is necessary to

—~Ce(NO4), * Ce0+1/20, - (II)

promote the above-mentioned reactions smoothly. Since Cl
-ion cannot be removed completely by baking below 350 °C,
using cerium chloride as a starting material of Ce, the NOx
fixing capacity is sometimes low. Baking is performed ét
higher temperatures to remove Cl ion completely. However,
it is feared that the adsorbing perforﬁance falls
remarkably by thermal change of Ru oxide already supported
on the carrier, if baking is performed at high
temperatures. .

Accordingly, it is preferable to use a nitrate as the
starting material of Ce and to convert Ce into tetravélent'
Ce oxide almost completely by bakiné below 350 °C.

In heating the adsorbent to eliminate NOx and to
regenerate the adsorbent, it is postulated that reverse
reactions of the above-mentioned reactions shown in the_
formulas (I) and (II) proceed. Namely, it is thought that
Ce fixing NOx is'divalent Ce oxide and that this oxide is

reoxidized to tetravalent Ce oxide when NOx 1is eliminated.



However, the acid sites disappear, because this oxide is not good in acid
resi.stance and Al conponent in the Si skeleton which is responsible for
exhibiting solid acidity repeats formation of nitrate or nitrite and
thermal deconposition and is separat&#d fromthe skeleton by .repeating
adsorption and desorption of NOx when the adsorbent is used. As a result,

t hermal rebtsianprafetrableadooddita dduhppaace axhibitpeagt strore of the
adsorbent falls remarkably when the adsorbent is heated and regenerated.
It is prefexsheive usatalgadc actadn bbverg29ir iy teothe mtirfageand Begh
acid resistance in order to prevent this phenonenon. The first NOx

adsorbent grsdprdparerdey Loppaionotd (el s oxedad ddt £Hn asmbothley as
adsor bi ng conponent on the surface-refornmed titania carrier prepared by

addi ng the Mrhgakiinvahedpspheuadt ithatl a @ngds balsifeg tiihee ttdaadd thd s NOx
adsor bent exhibits high thermal resistance and does not exhibit an

i mpai red aglgpaBisN@G MeA Or gaNafdFordiMn Vs 3d&ar BubYt &cle §€ 880 Iddiip Dét &BX.
Exam ni ng the NOx adsorblng pertormance in nore detail, the inventors
found thaty hEXskRdiSOPOR BA3SEbent . ISt - '
As starting materials of the oxides of Ag, Cu and/or
Mn, nitrates of respective metals are preferable, since the
nitrates do not change the structure of tetravalent Ce
oxide supported already. However, supporting the metals at
the same time by using a mixed solution of Ce nitrate and
the nitrates of Ag, Cu and/or Mn, the probability of the
existence of Ce oxide around Ru oxide falls. This
phenomenon hinders the migration of NOx on the surface of
the adsorbent from Ru to Ce, so that the adsorbing
performance sometimes falls. Accordingly, it is prefezable
to add Ag, Cu and/or Mn after supporting Ce and baking the
carrier.
The titania carrier according to the third aspect of
the invention obtained by adding the Mn salt to amorphous
titania and baking the titania is prepared by impregnating
a substance obtained by evaporating the titania colloidal
solution to dryness with a solution of a manganese salt and
baking the substance.

The above-mentioned amorphous titania can be a plate



13 adsorbed on Ru oxide, mgrates on the solid surface to Ce oxide, and

Is fixed there. The NOx fixation by Ce presumably acconpanies the
foll ow ng reactions. 2NO+2Ced err] - Ce(Nderr])[err] CeO+1l/ 202
() 2NJ err] +2Ce(err] - Ce(hKIeﬁg])[err] CeOt+1/ 202 (rn) The

exi stence of tetravalent Ce oxide i'S necessary to pronote the

above- nent isokiidr aettd axrsiept bbyailad,e fidr erampdeotbpeimpregaating
conpl etely by baking below 350 [err]C, wusing ceriumchloride as a starting
mat eri al oftHe, ihbembdst fH ke ngibapas preformmeithesHeoviiGahiag i s
performed at higher tenperatures to renmove Cl ion conpletely. However, it

is feared tduwlléb@addsolhitibpeahar aayitd Ané pfélﬂ’&&‘hﬂb|'nhé)}/ambﬁhlt&|of
change of Ru oxide already supported on the carrier, if baking is

performed mdighoubetBe/aAH 14 efetaineACAH engéyplatel IsPref <l Byt 0 use a
nitrate as the starting material of Ce and to convert Ce into tetravalent

Ce oxi de al hgonpkg@gﬁégyybﬁngg%bgym%éggh{err]C In heating the
adsorbent to elim nate and regenerate the adsorbent, it is

post ﬁgat ggrmfxgasé ?Jlrx;?rgﬁnt%%%)ctwrﬁr@fe&asl @V%mtoomﬁelﬁcfmg,s ABgan
proceed. . y, It 1s thought™ that
Fixing NOX % £l ¥ah e9t 008 -%.'ﬁ%n:ﬂ&ﬂ/&hﬂotzh,' L dﬁré?erably.'o .6-2.0
mmol/g Tioé. The specific surface a;ea of the carrier is
preferably 40-200 mz/g, more preferably 70-140 mz/g.

The manganese salt added to amorphous titania is
pyrolytically decomposed-to oxide and amorphous titania is
crystallized at the same time by baking in the above-
mentioned process for preparation.

Titania colloid;l particles are used as a s;arting
material of amorphous titania. According to the preferable
mode of preparation, the desired carrier is obtained by
evaporating the titania colloidal solution to dryness below
200 °C, preferably below 150 °C, impregnating the obtained
titania with the solution of the Mn salt, and baking the
titania.

Chloride, nitrate, salt of organic acid, alkali
manganate, etc. can be generally used as the Mn salt. A
preferred manganese compound is nitrate for the following

reasons: 1) a decomposition temperature is low, 2)

secondary phenomenon such as combustion does not occur



reoxi dized-to tetraval ent Ce oxide when NOx is elim nated.

14 .t is preferable to add a substance exhibiting strong oxidative

catal ytic-action over 200 Cto the surface of Ce oxide in order to pronote
this reoxidation snoothly. The ipyentors found that it is effective to
add the oxides of Ag, Cu and/or M as such substances and conpleted the

second NOX g3dSQ{Pedécomposit 1) 13 N0aABbPeritsion éheramovangplatgaldu

and/or WM, nitrates of respective netals are preferable, since the

nitrates dachah ANgAnbBR sl ldf fofl pRUMYAIAE . Con @616y SUDDRALEY

al r eady. wever, supporting the netals at e sanme time by using a m xed

t
solution o | t h ' o] di gr e
p 2 o
probabi | i t;ft/'l'lt();fe %eéﬁégi g?gngg §.gué,{;€§“§§g fglyggxned%u x'{tﬁea-fl\ﬂa]:i |'s. This
phenonenon3@Lnqus the mgration of NOx on the surface of the adsorbent
fromRu to , SO that the adsorbing perfornmance sonetines falls.

2nd baki g t nEne TR ErEL T8 HE fErale 2P Indlaf st NG08

aspect of  LN2 WMETY ' 80e20530"%%: P¥ndIehR0 i M 2R0E 168 AB R T .-
typé proceeds remarkably over 600 °C, Accordingly, to
impregnate amorphous titania with the solution of the
manganese compound in the above-mentioned process,
amorphous titania is immersed in the preferably 0.2-5.0
mol/l, more preferably 0.5-1.5 mol/l aqueous solution'of
nitrate, then the titania is baked preferably at 250-
600 °C, more preferably at 350-600 °C, most preferably at
380-450 °C. Manganase nitrate is preférable as the
manganese compound.

It is understood that the strong solid acidity is
exhibited, for example, as a result of heterogeneous
electron energy density in the solid (crystal) by the
compound of tetr#valent Si and trivalent Al as oxides.

Aécofding to the invention, a solid acid carrier which
exhibits high acid resistance and alkali resistance can be
provided by using Mn, which has relatively low reactivity
with acids and alkalis and can exhibit various oxidation
number such as 2, 3, 4 and 7, instead of Al, which is

responsible for low acid resistance and alkali resistance



titania and baking the titania is prepared by inpregnating a substance
obt ai ned by evaporating the titania colloidal solution to dryness with a
sol ution of a nmanganese salt and baking the substance. The
above-nmenti oned anorphous titania c%& be a plate

15 solid acid carrier obtained, for €anple, by inpregnating the

I nconbusti dre ther conveardfiomai sblifeatidamarrietsoi dald oy wWdoptand
drying the preform The anount of anorphous titania retained in this plate
is 60-95% Imi, wehgbe, suabks abéyrdbaleftbyxideghdimilarThe Mhaond£nsii &s
preferably 0.01-3.0 nmmol/g TiJerr], nore preferably 0.5-2.5 nmmol/g:

Tiderr], pd Poeferablay dbfpdufd oRLEEIwltd M| - idBeeadedff igi surface
area of the carrier is preferably 40-200 nferr]/g, nore preferably 70-140

nerr]/g. shitfcemiaenasa st Mildoei 40 RERr Bhatdéogkdskic of
pyrol ytically deconposed to oxide and anorphous titania is crystallized at

the same ti nbakheg adhg&ﬁ;&bwgﬁ o {EBll A Ch Oéﬁéﬁ??.glrg Rigpar ation.

Titania colloldal “particles are used as a starting nate of anor phous

titania. Ags ;%@ngaagnm%e% AL 2y CoviRIE £k P IR PAG O et RRnflAEY]
y
the Mn oxide is a substance which is suitable for forming
the solid acid carrier.

However, in using titania, the hydrothermal synthesis
method which is used for'synthesis of zeolite cannot be
applied to form the compound of tetravalent Mn oxide and Ti
oxide, so £hat it is necessary to bake mixed oxide of Ti
and Mn orx hydroxides of Ti and Mn at high temperatures.
Unlike silica, titania changes its crystél form b§ heating
over.soo °C and loses characteristics such as supecific
surface area and porosity required for the catalytié . |
carrier.

The carrier of the invention is prepared by supporting
the Mn salt on porous titania which exhibits no
characteristic peak of the crystal by X-ray diffraction
(XRD) , thermally decomposing this salt by baking to form Mn
oxide dispersed uniformly on the titania §urface,
crystallizing titania to anatase-type, which has a large

specific surface area and high porosity, by further baking,

and then forming the compound of Ti oxide and Mn oxide



evaporating the titania colloidal solution to dryness below 200 [err]C,
preferably below 150 -[err]C, inpregnating the obtained titania wth the
solution of the Wnh salt, and baking the titania. Chloride, nitrate,
salt of organic acid, alkali manganate, etc. can be generally used as the
M salt. A preferred manganese conpdund is nitrate for the foll ow ng

reasons: Lhog (erQRosLEl oflel STChAFI AS L BinsPer EOPHAY RNSGHENON

such as conbustion eS no _
during dec itio 3 peration of r Vi al kali__npetal
unnecessar‘ga %tié"‘rIL bl{;?(i %é?ggf%rgldﬁ S| %if@aé,pl%otmec L 8§rir%ﬁe
deconposed eating in_air .qver 300[err]C. The crystallzati2on of
Crtan ot BASELAT yhBRGEEAS SULhRRS SR 00E: LRI T en al o d -
transformation to rutile- type proceeds remarkably over_ 600 rr]C.
Accordingly, ¥¥en rﬁf-tr We"‘%ﬁo?ﬁﬁ@ﬂ?oﬁr{%ﬂ Phi ther FETLAGR i Bltﬁﬁéa
manganese conpound in the above-nentioned process, anorphous_titania is
i mer sed i AFYRédrlding prytdcres ds mompounded, ptoeecangownd. is5 npl /|
aqueous sol ution of

sufficient for use of the catalytic carrier, etc. The solid

part which is not compounded serves to retain mechanical

strength, specific surface area, porosity of the carrier,

etc.

EXAMPLES

The following examples illustrate the processes for
preparation of the NOx adsorbents according to the
invention and the characteristics of the obtained
adsorbents.
Example 1

Ceramic paper having a thickness of 0:5 mm was
impregnated with a titania colloidal solution (solid
content: 32% by weight) obtained by the nitrate hydrolysis
method and dried at 110 °C to obtain a plate retaining 158
g/m2 of amorphous titania. This plate was immersed in a 1.0
mol/l aqueous solution of manganese nitrate for 6 minutes
and dried at 110 °C. By these operations, 1.1 mmol of Mn
per 1 g of Tio2 was added thereto. This plate was baked

under air stream at 300 °C for 1 hour, then at 400 °C for 3



nitrate, then the titania is baked preferably at 250- 600 [err]C, nore
pref.erably at 350-600 C, nost preferably at 380-450 [err]C Manganase
nitrate is preferable as the manganese conpound. It is understood that
the strong solid acidity is exhibitjgd, for exanple, as a result of
het er ogeneous el ectron energy density in the solid (crystal) by the
compound &ouxsrteabdtiain swifaceraefiormedatigandas. According to the
invention, a solid acid carrier which exhibits high acid resistgnce and
al kal i resistthice® canrier haddegppgifdinesunfacei aramof it Mgy | ow
reactivity wth acids and al kalis and can exhibit various oxidation
nunber su@is. 2, 3, 4 and 7, instead of Al, which is responsible for |ow
acid resistance and al kali resistance : 17 in
t he conventi idls splatieaciakrckeriwas, ianedseddbpt ang aghieowsoselaitdlone
tetravalent oxide simlar to that of Si is apt to forma conmpound oxide
wth Mh, oStRatlof ofi .14 g/b cakcudiatad|aant Rivh (pHi=de. 92 fiorh&racteristic
of formng the cOnpound with Ti oxide and changing the oxidation nunber
easily evanimites, f drdied) dtheltonPeyndnd ttiteivhbakiedt dts 230uBg doxe Which
IS suitable for form ng

hour.

Then the above-mentioned plate carrier was immersed in
an aqueous solution of Ce(N_03)3 of 250 g/1 calculated as Ce
for 12 minutes and baked at 350 °C for 3 hours. An NOx
adsorbent supporting 0.16 mmol of Ru and 2.0 mmol of Ce per
1 g of Tio2 was obtained by the above-mentioned operations.
This adsorbent had a specific surface area of 77 mz/g Tioz.

This adsorbent is hereinafter referred to as "sample |
A",

Examples 2-5

The same procedure as,iﬁ Example 1 was repeated except
that the Mn concentrations in the aqueous solutions of
manganese nitrate were 0.5 mol/l, 1.0 mol/l, 1.5 mol/l and
2.0 mol/1 respecti&ely to obtain NOx adsorbents..These
adsorbents are hereinafter respectively referred to as "
sample B", "sample C", "sample D" and "sample E".
Comparative Example 1

The same procedure as in Example 1 was repeated using

the amorphous titania-retaining plate prepared in the same



the solid acid carrier. However, in using titania, the hydrothernal
synt.hesis nethod which is used for synthesis of zeolite cannot be applied
to formthe conmpound of tetravalent M oxide and Ti oxide, so that it is
necessary to bake mi xed oxide of Ti 20and Mh or hydroxides of Ti and M at

hi gh tenperatures. _Unlike silic titania cghang It rystal foyrm.by
heating ol&RA&IH #& Mic MET]IO%ZJS eRgPRM etrcrf%{’]i ﬁges ?’ﬁ‘%ﬁ ‘%ﬁe%(??{‘?g
surface area and porosity requjregd for the talytic, cagrnier, The
carrier of SAAEY in. Fame Saiditten By i aramibe” 1 SHREES 2aALRr Mes
titania which exhipits n chayacteristic peak of the crystal by X-r

i £ fracti oho CREBLR( A8y NOW FARREABRE nTHis A daptPapty i hetetaarhim
oxi de dispersed uniformy @n the titania surface, crystallizing titania to
anat ase- t ys@fefred tQsa3 |'S2PPLe’Cific surface area and high porosity,
by further baking, ~and_then form ng the conpound of Ti oxide and M oxide
18 naki ngCRIPaFathee EXgmpd®ihg transfer of Ti atom The carrier is

considered to be a Ti 2- M2 conpound oxide  which has_a specific surface
area of |argeFhen&am® @pEamicgpaper as used in Example 1 was

immersed in a colloidal solution (solid content: 21% by
weight) of silica-alumina (Al/Si=3/7) and dried to obtain a
plate retaining 110 g/m> of silica-alumina.

This plate was treated with a 1 mmol/l agqueous solution
of ammonium chloride at 90 °C for 5 hours to remove an
alkali, and then baked at 500 °C for 5 hours to obtain a
silica-alumina syStem-pla;e carrier. Ruthenium and cerium
were supported thereon by the same treatment as in Example
1l to bbtain a2 plate NOx adsorbent. This a&sorbent is
hereinafter referred to as "sample G".

Performance Test

The samples A-G prepared by the above-mentionéd
procedures were checked for composition, specific surface
area, saturated amount of NOx adsorbed in air (room
temperature, relative humidity: 70%) atmosphere containing
100 ppm of NO, and saturated amounts of NOx adsorbed after
baking the samples in air at 400 °C for additional 12 hours

or 24 hours. The obtained measurements are shown in Table

1.



Even if only the nei ghborhood of the surface of titania crystalline
particles is conpounded, the conpound is sufficient for use of the
catalytic carrier, etc. The solid part which is not conpounded serves to
retain mechanical strength, specific gurface area, porosity of the
carrier, etc. EXAMPLES The follow ng exanples illustrate the
processes for preparation of the N@tgsprbents according to the

i nvention and.the characteristics of the obtained adsorbents Exanple 1
Ceram ¢ paper having a thickness ofgga®ifiic\Was sdtwragadt asthoddtd getitania
colloidal solution (solid content: 32% by weight) obtained by the nitrate

hydrol ysis net hod @&gFgﬁbﬁq_ at 11(%‘_{?551“9? to q&%g%gilghqtge{nﬁ)al ning 158

g/nmerr] of anorphous titania. This plate was i nmer 0 nol/l

aqueous sol of itra 2% nmin nd ied a

Egrr]f. B¥:p SF ?péggpg i,dxgﬁ gn%?eégﬁk? pe#ﬁfﬁéng 1#%§€r¥]§aéégadded
er et o. i S at.e.was e nder, ream a ur,

then at 400 [eEr]ds?or §ga ce /g§i52§ _ ﬂéﬁ{i&b ﬂéaligg

a 1.1 0.16 2.0 77.0 930 790 690
B 0.6 0.13 2.1 79.2 880 550 . 485
c 1.5 0.17 2.0 75.5 900 780 680
D 1.8 0.15 1.8 78.0 910 780 660
E 2.0 0.13 1.6 71.1 850 650 620
F - 0.18 2.0 85.8 550 120 30
G - 0.17 2.1 135 620 625 600

Table 1 reveals the following matters. The amounts of
‘Ru and Ce supported do not chahge very much even if the
amount of Mn added is changed. Since the initial saturated
amount of NOx adsorbed is almost determined by the amounts
of Ru and Ce supported, significant differenqes in the
initial saturated amount of NOx adsorbed are not observed
among the samples A-E. However, the sample F comprising no
Ru added clearly exhibits lower initial saturated amount of
NOx adsorbed than the other samples. This result reveals
that heat deterioration proceeds to some extent by baking
after supporting Ce.

The sample F exhibited a very marked variation in



19 hours to obtain surface-reforned titania. This carrier had a
specific surface area of 91 nferr]/g TiJerr] This plate carrier was

i mmersed in an aqueous solution of RuC[err] of 14 g/l calculated as Ru
(pH=0.92) for 6 mnutes, dried at2410 [err]C, and then baked at 230 [err]C
for=1 hour. Then the above-nentioned plate carrier was imersed in an
aqueous sgplatformahceebhOtesalingrat 4005 g/ Theaddfifarengescamong the

m nutes and baked at 350 C for 3 hours. An NOx_ adsorbent supporting 0.16
mol of ReamplésOAREDkcaN Hee pegarded & WifEerpnges di AmREnbyothe
above-nenti oned operations. This adsorbent had a specific surface area of
77 nferr] Agil @£rstrong sBlsd asebdbeshibitrd ciRapcsondanse ciith Ade
"sanple A". Exanples 2-5 The sane procedure as in Exanple 1 was

repeat ed @iFAErendas e affouwrwncesit Mat added n Namedyuedds %l uti ons of
manganese nitrate were 0.5 nmol/l, 1.0 nol/Il, 1.5 nmol/l and 2.0 nol /|
respectivgutéfpf$1§antuataﬂhgwﬂmmtadsﬁM&iﬂgaﬂeUfQGWQQQQWafmﬂainafter
respectively referred to as sanple B', "sanple C', "sanple D' and "sanple
E'. Conpgealtiitfy Examalfiokt deft@rmbmedpbycehe camount BfaRY cadsezbed
repeat ed using
at strong acid sites. It is thought that the amount of acid
is insufficient for the amount of Ru supported in the
sample B since the sample B comprises a little Mn added. It
is thought that most of supported Ru is adsorbed at acid
sites in the samples A, C, D and E.
The sample E comprises excess Mn added and exhibits a
decreased specific surface area, a small amount of Ru and
Ce supported, and low performance on the whole.
The sample G exhibits very high thermal resistance, but
it exhibits a low initial performance, since the amdun? of

carrier retained on the paper is less than that of the Mn-

added carrier.-

Repeat Test of Adsorption and Desorption of NOx

The samples A, F and G were checked by the repeat test
of adsorption and desorptionlof NOx by the following

procedure. These results are shown in Figure 1.
The plate adsorbent was packed in an adsorption tube

(3030 mm square), room-temperature air (relative humidity:

70%) containing 4.5 ppm of NO was passed through the tube,



t he anorphous titania-retaining plate prepared in the sanme

20 .manner as in Exanple 1 except that the plate was baked under the sane
condition as in Exanple 1 without adding Mh to obtain an NOx adsorbent.
This adsorbent is hereinafter refer23ed to as "sanple F'. Conparative
Exanpl e 2 The sane ceram c paper as used in Exanple 1 was imrersed in

a col | oi dafheskdndrtheorepdatdansibetvespy thipityine Srom they heghknaing
(AI/Si=3/7) and dried to obtain a plate retainin%illo g/nmerr] of
si | i ca- al Bfnkhe passageppst @i and cthedontiiets NOXnePArent kAR 0| Theon
of ammonium chloride at 90 C for 5 hours to renove an alkali, and then
baked at 5®3brCstaiean Héassreplased withsclean Admi hreiatdye fiumidity:
carrier. Rutheniumand cerium were supported thereon by the sane treatnent
as in ExanpP®) afitenh?hi honrsiatthen@dsQrptiom tube swadsheigded iat the
herei nafter referred to as "sanmple G'. Perfognance Test The sanpl es
A- G pr eparsamgy tillme aband- medntained ALc2a0re€ W9® thhokad ticor
conposition, specific surface area, saturated anmount of NOx adsorbed in
air (roomregenerate the adsorbent. These operations were repeated,
observing the variations in NOx adsorbing performance.
Hereupon,
(fElow rate of air)/(geometric area of adsorbent)=6 Nm3/m2
(denitration rate)=1l1-(outlet NOx concentration)/(inlet NOx
concentration)
The denitration rate was determined by the above-
mentioned equation. These results are shown in Figure 1.
As apparent from Figure 1, the sample A hardly
exhibited a impaired performance by repeating adsorption
and desorption of NOx, but the samples F and G_exhiﬁiped
markedly impaired performance in heginging the repetition
then gradually impaired performance. In particular, the
sample G having high thermal resistance exhibited a
markedly impaired performance.
Example 6
a) Ceramic paper having a thickness of 0.5 mm was
impregnated with a titania colloidal solution (solid
content: 32% by weight) obtained by the nitrate hydrolysis

method and dried at 110 °C to obtain a plate retaining 165



t enper at ur e, rel ative hum dity: 70% atnosphere containing 100 ppm of NGO
and saturated anounts of NOx adsorbed after baking the sanples in air at
400 C for additional 12 hours or 24 hours. The obtai ned neasurenents are

shown in Table 24 21

Table 1 specific saturated anpunt of

2 ambonEnamorphaus f hidaniaadKhbei Bhate Was rigmezaRs én al.0
(mmol /gTiderr]) area(nferr] initial 12hr 24hr

Ce /gTi @aksfl)aquecus satuhioneofi mpngapese nitratecfoy § minqﬁe%
930 790 690 B 0.6 0.13 2.1 79.2 880 550

485 C and.dri@dlat 210 °C.7Bysthese ¢gperatiomsp l.lgpmol ©f Mn g
0.15 1.8 78.0 910 780 660 E 2.0 0.13 1.6

71.1 péiS0l g o510, w@9 added theretg.i¥hiz plate wgsgbaked 550

120 30 G - 0.17 2.1 135 620 625 600

Table 1 raustés ale fsaldteamnatndofe’€ fide anbomrs dfhemuatnd00e "Gipfe¥t2d
do not change very nuch even if the anount of M added is changed. Since
the initi dowas utat obtalwushrfachorefinméddtitaalimst deterni ned by the
amounts
This carrier had a specific surface area of 95 mz/g

Tioz. |
This plate carrier was immersed in an aqueous solution

of RuCl, of 14 g/l calculated as Ru (pH=0.92) for 6

3
minutes, dried at 110 °C, and then baked at 230 °C for 1
hour.

The above-mentioned piate carrier was immersed in an
aqueous solution of Ce(N03)3 of 250 g/l calculated as Ce
for 12 minutes and baked at 350 °C for 3 hours. An NOx
adsorbent supporting 0.16 mmol of Ru and 2.0 mmol of Qg per
lg of Tio2 was obtainéd by the above-mentioned operations.
This adsorbent had a specific surface area of 77 mz/g Tioz.

This adsorbent is hereinafter referred to as "sample
H". |
b) _Then four pieceé,of sample H were immersed in 0.5
mol/l, 1.0 mol/l, 1.5 mol/l and 2.0 mol/l agueous solutions

of copper nitrate for 12 minutes respectively, dried, and

then baked at 350 °C for 1 hour to obtain NOx adsorbents.

These adsorbents are hereinafter respectively referred to



of Ru and Ce supported, significant differences in the initial saturated
amount of NOx adsorbed are not observed anong the sanples A-E. However,
the sanple F conprising no Ru added clearly exhibits [ower initial
saturated amount of NOx adsorbedyt han the other sanples. This result
reveals that heat deterioration proceeds to sone extent by baking after
supportlnggkrsampibengmMQaﬁbBéhublté@&mpbeyKﬁaahﬂj\&amaleoﬁ"ln

22 performance by heating at 400[err]C. The differences among the sanples
A- E can b@dﬁgﬁ&ggﬂvasmmaﬁpxenses in anount of acid of strong solid acid
exhi bited in accordance wth the differences in anmount of M added.

Namely, it isphd $£ner pirodeditte tAS MNaX tads gioe@spsealoomExampler 6
heatlng |s al nost determ ned by the anmount of Ru adsorbed at strong acid

sites. vJaSs thepght el ds iidy 8Pl Shlasiidei Snshedd icf epériam the

anount of Ru supported in the sanple B since the sanple B conprises a
little M pddeghel o bbtidMia ibat amrsénsuaagmeiﬂgm 28samead £
acid sites In tﬁe sanples A, C, D and E. The sanpl e E conpri ses excess

M added gag £x&1 Bl bS nho 1195# 0ECHeEPACld I6F SHLDYCC AR adssEBERLAIIN Of
an _
hereinafter referred to as "sample M".

Comparative Example 4

The sample F obtained in Comparative Example 3 was
immersed in a 0.5 mol/l aqueous solution of copper nitrate
for 12 minutes, drieé, and then baked at 350 °C for 1 hour
to obtain an NOx adsorbent. This adsorbent_is hereinafter
referred to as "sample N".

Example 7

The sample H obtained"in Example 6 was immersed in a
0.5 mol/l aqueous solution of silver nitrate for 12-
ﬁinutes, dried; and then baked at 350 °C for 1 hour to
ebtain an NOx adsorbent. This adsorbent is hereinafter
referred to as "sample O".

Example 8

The sample H obtained in Example 6 was immersed in a
0.5 mol/l agueous solution of manganese nitrate for 12
minutes, dried, and then baked at 350 °C for 1 hour to
obtain an NOx adsorbent. This adsorbent is hereinafter

referred to as "sample P".



Ce supported, and | ow performance on the whol e. The sanple G exhibits
very high thermal resistance, but it exhibits alowinitial performance,
since the amount of <carrier retained on the paper is |less than that of the
Wh- added carrier. Repeat Test of Aggorption and Desorption of NOx
The-sanples A, F and G were checked by the repeat test of adsorption and
_desorptloﬂQﬂPQERtQVQJﬁ¥§m91%mﬁng procedure. These results are shown in
Figure 1. The pl ate adsorbent was packed in an adsorption tube (30x30
mm square), rHwmsanpdeafiucdtainedein: Bramphe dft yas iomexrsedalni vg 4 5
ppm of "NO was passed through the tube,
checklng1mﬁxeélaquenyﬂx§Q&n¢10heofliﬁﬁrgmithi BediNey ng anéfobﬁemﬂkﬁhge
of air and the outlet NOx concentration. The air streamwas replaced with
cl ean air off teppes nitindte for70® minutveg) Avded, tand aflsenpbaked wie
was heated at the sane time, and maintained at 260 [err]C for 1 hour to
regeneraté&ﬂm&Gdgombémhoﬂmete optadn ars Mexeadspadiestt,. Thbserving the
variations in NOx adsorbing perfornmance. Her eupon, (flow rate of
air)/ (geomdisorbentaisf hadsoiefit er6 rdflexrédnferrp "sample Q".

Performance Test

The samples H-Q prepared by the above-mentioned
procedures were checked for composition, specific surface
area, saturated amount of NOx adsorbed in air (room
temperature, relative humidity: 70%) atmosphere containing
100 ppm of NO, and saturated amount of NOx adsorbed after
baking the samples in air at 400 °C for additional 12 hours
or 24 hours. The obtained measurements are shown in Table

2.



(denitration rate)=1-(outl et NOx concentration)/(inlet NOx concentration)
The.denitration rate was determ ned by the above- nentioned equation.
These results are shown in Figure 1. As apparent fromFigure 1, the
sanple A hardly exhibited a inpaired performance by repeating adsorption
and=desorption of NOx, but the sanm@’es F and G exhibited narkedly inpaired
performance in begi nning the rep&ablieor2 then gradual ly inpaired
performange—ln particular the <sapple G having high therpml regsistance
exhibited a markedly inpaired perfgpeidic Batgrtatéd anotatamf paper
having a thickness of 0.5 mMmwas inpregnated with a titania coll oi dal
solution (solid cebmpdnent?2% by wei glitrad ai ngdsdyptionidd ant) hydrol ysis
met hod and dried at 110 [err]C to obtain a _plate retaining 165

24 g/ nf er idamplanqupitsniegtiogni a. Thisell(aie WaltL@IEr seti2zhe a 12Qnxol /|
aqueous sol ution of manganes® nitrate for 6 mnutes and dried at 110

[err]C. By these gperaid onscel.ﬂ,emmyggiol\/t) per 1 g qegimgvmgagqq%j
thereto. This plate was baked uynder air @ reamat 300 [ere]C faor 1 Hour,

then at 400g[err]iGC{op.26 2.0 - 77.0 930 790 690
I 1.1 0.15 2.1 0.52 75.1 950 800 720
J 1.2 0.17 2.0 1.03 73.5 945 810 750
K 1.0 0.15 1.8 1.45 70.5 970 820 760
L 1.2 0.13 1.9 1.99 71.1 955 815 750
M 1.1 0.13 2.0 - 75.8 275 120 65
N 1.0 0.17 2.1 0.48 78.8 295 245 185
0 1.0 0.15 1.9 0.65 75.9 950 800 745
P 1.2 0.13 2.0 0.45 70.2 985 830 765
Q 1.1 0.16 1.8 0.48 75.9 260 100 55

"Me" represents Cu for thé samples I-L, N and Q, Ag for
the sample 0, and Mn for the sample P.

. Table 2 reveals the following matters. When nitrate is
used as a starting material of Ce, adsorbing capacity
increases more than threefold. In addiﬁion, the drop of
adsorbing capacity by heating is depressed by ﬁdding Ag, Cu
and/or Mn.

The sample Q exhibits a low adsérbing performance in

spite of using cerium nitrate. It is interpreted'that the



hours to obtain surface-reforned titania. This carrier had a specific
surface area of 95 nferr]/g Tigerr] This plate carrier was i mrersed
in an aqueous solution of RuC[err] of 14 g/l calculated as Ru (pH=0.92)
for 6 mnutes, dried at 110 [err] Gg and then baked at 230 [err]C for 1

hour-. The above-nenti oned Elate carrier was imersed in an_ aqueous
sol uti on ofPrRapladty) [af rFon a950°§’ IR s2pd| Secfall @inegr mixead nut es
and baked at 350 C for 3 hours. NOx adsorbent supporting 0.16 mol of

Ru and 2.0 suppost of §e& iq_ngagd tucd amswast pexrfermed he above- nenti oned
operations. This adsorbent had a specific surface area of 77 mMerr]/g
Tigerr]. Example 8dsorbent is hereinafter referred to as "sanple H'. b)
Then four pieces of sanple Hwere imrersed in 0.5 nol/l, 1.0 nol/Il, 1.5

nol /1 and 2.0 The /NOxqadserhants i vare obtsvbped hit tixe Hxecedurenundger
respectively, dried, and then baked at 350 C for 1 hour to obtain NOx
adsor bent s thehsaweagondidian aae hor dheafprepacepdan vaf ysawpder Jgd abd

25 as "sanple |I", "sanple J", "sanple K' and "sanple L". .
Example 6 except that the concentration of cerium nitrate
was changed, and checked for saturated amount of NOx
adsorbed. Thesé results are shown in Figure 2.

As apparent from Figure 2, the amount of NOx adsorbed
increases aé the Ce concentration increases when the
concentration of cerium nitrate is lower than about 1.3
mol/l. However, the amount of NOx adsorbed is almost
constant when tﬁe concentration of cerium nitrate is about
1.3 mol/1 to 3 mol/l which is almost saturated
concentration at room temperature.

Example 10

The titania colloidal solution obtained by the nitrate
_hydrolysis process was evaporated to dryness to obtain
powdered amorphous titania. One hundred grams of this
powdered titania was introduced into 250 ml of 0.5 mol/l
agueous solution of manganese nitrate, stirred for 1 hour,
filtered off, and washed once with pure water.

This washed product was dried at 110 °C, and baked

under air stream with a ventilating furnace at 300 °C for 1

hour, then at 430 °C for 3 hours. The obtained product is



~ Conparative Exanple 3 ‘The same procedure as in the process a) of Exanple
6 was repeated using ceriumchloride instead of cerium nitrate to obtain
an NOx adsorbent supporting 0.13 mmol of Ru and 2.0 mmol of Ce per 1 g of
Ti @2. This adsorbent is hereinaftejgreferred to as "sanple M
Conpar ati ve Exanple 4 The sanple F gbtained ip Conparative Exanple 3 was
i mer sed hereinafher refarsnd o a8 oFaMPdPer nitrate for 12 ninutes,
dried, and then baked at 350 [err]C for 1 hour to obtain an NOx adsorbent.
Thi s adsoEx@mpleshdldeildafter referred to as "sanple N'. Exanple 7 The
sanple H obtained in Exanple 6 was inmmersed in a 0.5 nol/| aqueous
sol ution of Fhessamet prpcetwre Aas iinyEEameke o0 WAd Fﬁ?ﬁ-ad%ioe‘é?eg%o C
for 1 hour to obtain an NOx adsorbent. This adsorbent is hereinafter
referred thats tsanMheconcemabieons in the saapeeus SXHAHRNF OExanpl e 6
was imersed in a 0.5 nol/l aqueous solution of nmanganese nitrate for 12
nnutes, mamyhnese nidratsoere 858 mel/lc fbrolmﬁgdll @aRd odt i Mo Inox

adsorbent. This adsorbent is hereinafter referred to as "sanple P". -
respectively. The obtained products are hereinafter

respectively referred to as "sample s", "sample T" and "
sample U".
Comparative Example 6

A product was obtained in the same manner as in Example
10 éxéept'that Mn was not added to titania. This product is
hereinafter referred to as "sample V".

Comparative Example 7

The powder obtained by evaporating the tiyania
colloidal solution to dryness was baked at 430 °Cc for 3
hours. Manganese was added to this powder under the'éa?e
condition ﬁs in Example 10, and the powder was baked. This
produdt is hereinafter referred to as "sample W".

Example 14

Ceramic paper having a thickness of 0.25 mm was
immersed in a titania colloidal solution containing 31% of
solid, dripped for 15 minutes, and then dried at 110 °C to
obtain a plate retaining 190 g/m2 (basis weight) of |
titania. This plate was immersed in a 0.5 mol/l agqueous

solution of manganese nitrate for 1 hour under the



26 Conparative Exanple 5 The sanple H obtained in Exanple 6 was
imersed in a mxed aqueous solution of 250 g/l of Ce(NJerr])[err] and
0.5 nol /1 of copper nitrate for. 12 mnutes, dried, and then baked at 350
[err]C for 1 hour to obtain an NQg adsqrbent. This adsorbent is

herei nafter referred to as "sanplg . Performance Test The sanpl es
H Q prepacehditiba dF0\e-IENé+r2Re] iRineseacsénver 4t mekedwheer,
conposition, specific surface area, saturated anmount of NOx adsorbed in

ai r (roomyalgHE®' 8hee witdl ?ﬁi”é RHed, r /849" ah AHEWPPak8AC UM Ng
100 ppmof NO and saturated ampunt of NOx adsorbed after baking the

sanpl es i B3 rg@te4Mo @ f3oo a"é' Eb9n§| hj&tﬁouiﬁenoratzﬁmu'é £bie pbt ai ned
nmeasurenments are shown in Tabl e . 27

Table 2 hours. The obtained laEEGQbﬂﬂéﬁEQHEEEEQ'@E%EE:Q& to as "
conponent surface adsorptlon(cc/n{err])

sample X".

Performance Test

The samples R-X were checked for specific surface area,
amount of solid acid and solid acid strength. The samples R
and W were also checked by the Mh elution test with a 0.1
mol/l aqueous solution of HCl. The sample X was also
checked for decrease in amount of acid by repeating
temperature rise and temperature drop in air (relative

- humidity: 70%) containing 1000 ppm of NO at room
temperature-300 °C. .
The measurements of Mn content, specific surface area,

acié strength and amount of acid are shown in Table 3..



sanpl e (nnDI/gTiCQ) area(nferr] initial | 2hr 24hr - vh

Ru . C¢e M /gTidR) heating heating. H 1.1 0.16 2.0 -
77.0 930 790 690 I 1.1 0.15 2.1 0.52 75.1 950
800 720 J 1.2 0.17 2.0 éﬂPB 73.5 : 945 810 750
1.0-0.15 1.8 1.45 70.5 97 820 760 L 1.2 0.13 1.9
1.99 71.1 955 815 waEd@ 3 N 1.1 0.13 2.0 - 75. 8

275 120 65 N _.1.00.17 2.1 0.48 78.8. 295 245
185 0 1.0 0.15 1.9 0.65 75p8cific niPPimum 800 745 P 1.2
0.13 2.0 0.45 70.2 985 830 765 - Q 1.1 0.16 1.8 0.48
75.9 260 100 55 gurfadé"' rapid@sents @mduitt he sanpl es
l-L, Nand Q Ag for the sanple O, and M for the sanple P. Table 2

reveal s the g‘ag},ép@_ﬁi NHn"Rdri ént Wheg yRigt I at esijenﬁ ng
of Ce, adsorbing capacity increases nore than threefold. In addition, the

drop of adsorbing capﬁﬁ'bt]yéay. hgaﬁ?lng i s deprgssed b)ﬁm@qg@g Ag, CQu
and/ or M. The sanple Qexhibits a”l ow adsor®ing performance in spite
of using cerigmnitratey gé is intgrgyeted that ¢ he 0.04

S 0.02 115 -5.6 0.02

T 0.11 93 -5.6 0.095

U 0.19 90 -5.6 0.14

v - 120 +1.5 0.01>

W 0.04 95 +1.5 0.015

X 6.035 83 -5.6 0.03

Mn content: chemical analysis of samples
specific surface area: N, adsorption method
acid strength: infrared absorption method
amount of acid: n-butyiamine titration method

As apparent from Table 3, the carriers of the invention
exhibit strong acid sites having the amounts of acid
according to the amounts of Mn added and retain large
specific surface areas, since they are baked at relatively
low temperature. |

Elution Test

The samples R and W were checked by the Mn elution test

by the following procedure.

K

$00d a$F aasi@rting material



28 probability of contact of Ru and Ce fell since mxed support of Ce ion
and.Cu ion was perfornmed. Exanple 9 The NOx adsorbents were obtai ned
by the procedure under the sane condition as in the preparation of sanple
J of Exanple 6 except that the concentration of ceriumnitrate was

changed, and checked for sat ur at ed3fnmount of NOx adsorbed. These results

are shown in pQUe, agraﬁle gf i 8ekdl mﬁ&%ss%nk%aa@aat 18toNPo0

adsor bed |ncreases ncentrati on’'1 ncreases when

concentrat jygn | MRS b8 1heURIn (9EabOUhal ¢} 1 £PLAL . abGMRNSY

the anopunt of I's al nbost constant when the concentration o

cer um i t bgickde a@ogau& b/ bahBrad it €hd A gESI psa! VGl

concentration at roomtenperature ania col OI dal

sol ut i on Ogggf@e&ygmgere g Aga Budr W%M&g}gm i L

dryness to ‘anor phous ani'a grans

AL A L b L
D P Yoy o2 USRNSSR DEgUUSL s gy o0 at 130 [or ]G and bakes
Hereupon,
(amount of Mn eluted)=CX0.1 mmol,
(Mn elution rate)=(amount of Mn eluted)/(initial Mn
content).
As apparent from Figure 3, in supporting Mn on
amorphous titania, a Ti-Mn compound oxide is formed and Mn
is not easily eluted. On the contrary, in supporting Mn on
crystallized titania, forming compound does ndt proceed by
baking at relatively low temperature, so that Mn is apt to
be eluted. |

Measurement of Amount of Acid

The sample X was checkéd for decrease in amoun£ of acid
by repeating temperature rise and temperature drop by the
following procedure.

The sample x.was exposed to air stream containing about
1,000 ppm of Noz, temperature rise and temperature drop of
room temperature-300 °C (respectively 2 hours) were
repeated, and the variation in amount of solid acid by the

action of acidic gas. This result is shown in Figure 4. In



hour, then at 430 [err]C for 3 hours. The obtained product is

29 hereinafter referred to as "sanple R'. Exanples 11-13 The sane
procedure as in Exanple 10 was repeated except that the My concentrations
in the aqueous solutions of manganesganitrate were 0.2 mol/1, 1.0 nol/|
and-2.0 nol /|l respectively. The obtained products are hereinafter

respecti vehyurd e4 | edabidiresSAPAE Pate)S(HSurnt ofdacian/ eikitial
Conpar ati ve Exanple 6 A product was obtained in the sane manner as in
Exanpl e AfowmerdftAsdtdyh was not added to titania. This product is
hereinafter referred to as "sanple V'. Conparative Exanple 7 The powder
obt ai ned by gyapypdiedt! Beoh FaYwre CP! | 8193lcasnd LimPRat L ndriEEEy Was
baked at 430 C for 3 hours. Manganese was added to this powder under the
sane  condighii®) 138 A mEyAMEkRuHL GRdatha,Pene ?ﬁéﬁ%%&e%e ma¥RedPyoduct

r

is hereinafter referred to as "sanple W. ~ Exanp ram c paper

having a jRbekIE Sholn€oo®Maldd by the action of acidic gas. On the
contrary, the carrier of the invention hardly exhibits an

impéired amount of acid under the experimental condition.



innersed in a titania colloidal solution containing 31%of solid, dripped

for, munﬂﬂ "m;umum dried at 110 Cto obtain a plate retaining 190
g/n{er titania. This plate was imersed in a 0.5 nol /|

aqueous sol uti oh (ﬁ ﬁanganese nitrdte for 1 hour under the
30 - condition of Ilter/nEerr] I nmer sed once in pure water, washed once
wth pure E&Féﬂs(ﬁ¥%HME9n sthen baked under air stream at 300 Cfor 1

oloired Lo ks ARaMP% 3dsoTBnE,crBRitaLes sdbcHiing FFREORENLY

U7 angt h, SYRPOTHAA cORRA. Lo eaﬁea”ﬁ“ginﬁas}%?ﬁ%ﬁéd B3 e (Lo

For decr chbe SF b AT EERCATFE B LT ABLS, GRARLEE, o PRLBSTPY
2t Toom RIS A SEEmPERRRCED a%%‘agheﬁgu%ém e

specific surface area, acid_str th and anou of acid,are s in Table
3P” titania and said adsor ng componen s are oxiges o \ﬂh

and/or Ce..

2. An NOx adsorbent as defined in claim 1'wherein the
amorphous titania is a plate obtained by impregnating an
incombustible fibrous preform with a titania colloidal

solution and drying the preform.

3. An NOx adsorbent as defined in claim 1 wherein the
Mn content is 0.01-3.0 mmol/g Tioz. |

4. An NOx adsorbent as defined in claim 3 wherein the
Mn content is 0.6-2.0 mmol/g Tioz.

5. An NOx adsorbent as defined in claim 1 wherein the
Ru content is 0.05-2.0 mmol/g Ti0,. ?

6. An NOx adsorbent as defined in claim 5 wherein the

Ru content is 0.1-0.2 mmol/g Tioz.

7. An NOx adsorbent as defined in claim 1 wherein the

Ce content is 1.0-10 mmol/g Tioz.

8. An NOx adsorbent as defined in c¢laim 7 wherein the

Ce content is 1.5-2.5 mmol/g Tioz.
9. An NOx adsorbent as defined in claim 1 wherein the

2
specific surface area of the carrier is 40-200 m"/g Ti0,.



surtace ,z“l‘“”"l"lmmm{m .l esgrrpl e M content ar easpeciSI irgng?)r(]i chn[n acid

[€err] nmol / g R 0. 05 105
-5 6 0.04 0.02 115 -5.6 0.02 T
0.1% 93 -5. 6 0. 09% U 0.19 90 5.6
0.14 V 10. An NOx adsorhent as deftned in glaim 9 whjich has @ o4
95 +1.5 0. 015 X 0. 035 83 -5.6 0.03

Mh cont enspetibfiicasunfacsiaread @ﬁnﬁpeé-‘i%mc/m@iggr-face area: N2
adsorption nmethod acid strength: infrared absorption nethod anount of
aci d: n-butylhwi A NOw adsorbentiods defdnedpineciafimoh whexebn sapdd
carriers of the invention exhibit strong acid sites having the anounts of
acid acceanieroishe amehal-<Thfshatendeshxfmceerefarnadgd itaretafic

surface areas, since they are baked at relatively
carrier obtained by adding the Mn compound and the second

compound of at least o6ne metal seleéted from the group
consisting of Cu, Fe, Ni and Sn to amorphous titania and
baking the titania.

12. An NOx adsorbent as_defihed in claim 1 which is
obtained by impregnating amorphous titani; with a solution
of a manganese compound, baking the titania, and supporting
the oxides of Ru and/or Ce on the obtained Mﬁ-Ti system
surface-reformed titania carrier.

13. An NOx adsofbent comprising a¢sbrbing components
supported on a titania carrier wherein said carrier is a Mn-
Ti systeﬁ surface-reformed titania carrier ohtained.by
adding a Mn compound to amorphous titania and bakiﬁg tﬁe
‘titania, and said adsorbing components are oxides of Ru and
Ce, and an oxide-of at least one metal among Ag, Cu and Mn.

14..An NOx adsorbent as defined in claim 13 wherein said
amorphous titania is a plate obtained by impregnating an
ihcombustible fibrous preform with a titania colloidal
solution and drying the preform.

15. An NOx adsorbent as defined in claim 13 wherein the

Mn content is 0.01-3.0 mmol/g Tioz.



| ow tenperature. Elution Test The sanples R and Wwere checked by the

Nh ?l UJMMUMHMHH Imu/\glelrg\(ljm ggnglrgc\(/avggr?ntroduced into 100 m of 0.1 N

aqueous 'sol‘utifon"of *HC1 and stirred. _A small amount of slurry was sanpl ed
Wi thin the prescribed tine, fllterea qui ckly, and the M concentration (C
mol /1) in the.fAn nvoe adsorbanv &b definedsish@baimelSewhiareir thae

Wh elution characteristic test. Her eupon, (amount of Mh
el ut ed) =CXMrd ¢ohkent 1< M. 6+2L 0ommicl A3 =fhoyunt of M eluted)/(initial M
content). As apparent fromFigure 3, in sUpporting M on anorphous

titania, a Tiiph aNDwcadzotdbent fay ndeftnddMin iclaihh 2aswhe it ethe On
the contrary, in supporting WMh on crystallized titania, form ng conpound

does not prrageeEnkentbhakd NY. 05 -2cbammed ¥g | PLO enperature so that M is
apt to be eluted. Measurenent of Anpunt of ACid

18. An NOx adsorbent as defined in claim 17 wherein the
Ru content is 0.1-0.2 mmol/g Tioz.

19. An NOx adsorbent as defined in claim 13 wherein the
Ce content is 1.0-10 mmol/g Tioz.

20. An NOx adsorbent as defined in claim 19 wherein the
Ce content is 1.5-2.5 mmol/g Tioz. '

21. An NOx adsorbent as defined in claim 13 wherein the
content of at least'oﬁe metal among Ag, Cu and Mn is 0.1~
5.0 mmol/g TiO,.

22. An NOx adsorbent as defined in claim 21 wherein the
content of at least one metal among Ag, Cu and Mn is 0.3~
2.5 mmol/g TiO,. | '

'~ 23. An NOx adsorbent as defined in claim 13 which has a
specific surface area of 40-200 mzlg Tioz.

24. An NOx adsorbent as defined in claim 23 which has a
specific surface area of 70-140 m2/g TiOZL

25. An NOx adsorbent as defined in claim 13 wherein said
carrier is a metal-Ti system surface-reformed titania
carrier obtained by adding the Mn compound and the second

compound of at least one metal selected from the group

consisting of Cu, Fe, Ni and Sn to amorphous titania and



-_
The sanple X was checked for decrease in anmount of acid by repeating
terrpelmfummumﬂn ﬂ nperature drop by the follow ng procedure. The
sanpl l '"E air stream containing about 1,000 ppmof NJerr],
tenperatufe Fis® and* enperature drop of room tenperature-300 [err]C
(respectively 2 hours) were repedfed, and the variation in anount of solid

acid by tgﬁﬁkf§é éﬁtff: +5 gas. This result is shown in Figure 4. In

33 Figur resi rate) =(anount of acid)/(initial anount of

aci ). Asp@RPRLe} ,Irgasﬁkg PR ‘s B4EEReal 40 1AM 18! Wbl Lo 2

hi gh anmount acid ut mar | npal red anount of acid by

e oLt B e S o LTS BB rdon

gggg'r;: 28 R eﬁxggx%Teéé Shib¥aRd, Sbakind: tAR W&.ﬁ?ﬁ&ﬁ beRp reRANE S0 G
the obtained Mn-Ti system surface-reformed titania carrier
with the solution of the oxides of Ru and Ce, and the oxide
of at least one metal among Ag, Cu and Mn, and baking the
carrier.

27. A Mn-added titania carrier obtained by adding a Mn
compound to amorphous titania and baking the titania.

28. A Mn-added titania carrier as defined in claim 27
wherein the amorphous titania is a plate obtained by
impregnating an incombustible fibrous prefqrm with a

~titania cblloidal solution and dryiﬂg the preform.

29. A Mn-added titania carrier as defined in claim 27
wherein the Mn content is 0.01-3.0 mmol/g Tioz.
| 30. A Mn-added titania carrier as defined in claim 29
wherein the Mn content is 0.6-2.0 mmol/g Tioz.

31. A Mn-added titania carrier as defined in claim 27
wherein the specific surface area of the carrier is 40-200
mz/g Tioz.

32. A Mn-added titania carrier as defined in claim 31

wherein the specific surface area of the carrier is 70-140

mz/g Tioz.

33. A Mn-added titania carrier as defined in claim 27



suppor itania carrier wherein said carrier is a Mh Ti system

surface-reforned titania carrier obtained by adding a Mh conpound to
armrphoﬂmmnmmmmm king the titania and said adsorbing conponents are
oxi des 2. An NOx. adsorbent as defined in claiml
wherein the anof'phdus*titania is a plate obtained by inpregnating an
i nconbustible fibrous preformwith a titania colloidal ¢solution and drying

the preform 3. An NOx adsorbent as defined in claim1l wherein the M
content is 0.01-3.0 mmol /g Tigerr] 4. An NOx adsorbent as defined in
claim3 wherein the M content is 0.6-2.0 nmol/g TiJerr]. 5. An NOx
adsorbent as defined in claiml wB8rein the Ru content is 0.05-2.0 mmol/g
Tierr]. 6. An NOx adsorbent as defined in claim5 wherein the Ru
content is 0.1-0.2 mol /g Ti Q2. 7. An NOx adsorbent as defined in claim

1 wherein weicKeigopirddudsd 1b 1&89@@1-1&:%6{ ar rshbsf.aﬁceAabIN@u%asqs ent

as defined in claim /7 wherein t content is 1.5-2.5 mol/g TiJgerr
9. An NOX afipfpdpatiag iifednia ebdliddfesslatildh to dryness with a

manganese salt solution and baking the substance.



35" 10. An NOx adsorbent as-defined in claim9 which has a specific
surface area of 70-140 n2/g Ti(err]. 11. An NOx adsorbent as defined
in“laim1l1 wherein said carrier is a metal-Ti system surface-refornmed
titania carrier obtained by adding the M conpound and the second
cornpound of at |east one netal selec %i fromthe group consisting of Cu,
Fe, Ni and Sn to anorphous titania and baking the titania. 12. An NOx
adsorbent as defined in claim1l vthbi gs '|obt ai ned by i npregnating

anor phous titania with a solution "o ‘manganese conpound, baking the
titani-a, and supporting the oxides of Ru and/or Ce on the obtained M-Ti
system surface-reforned titania carrier. 13. An NOx adsor bent

conpri sing adsorbi ng conponents supported on a titania carrier wherein
said carrier is a Ma- Ti 'system surface-J.ef orne i ia carrier obtained
by adding a M conpound to aﬁ?‘ﬁﬁeﬁ@% P; ) an%#ﬁ%g the titania, and
sai d adsor bi ng conponents are oxides of Ru and Ce, and an oxi de of at

| east one netal anobng Ag, Cu andidhhr 120 HBn NOx adsorbent as defined in
claim 13 wherein said anorphous titania is a plate obtained by

i mpregnating an inconbustible fi ®ous pre@ormwith a titania coll oidal

solution and drying the preform A 15. AnANC)( adslgxrbent as defined in
claim 13 wherein the
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Mh content is 0 01-3.0 mmol / g querr] : R - R

16._ An NOx adsorbent as defined in claim15 wherein the M content is
0.6-2.0 mmol /g TidJerr]. 17. An NOx adsorbent as defined in claim 13
wherein the Ru content is 0.05-2.0 mml/g TiJerr]. 18. - An NOx
adsorbent as defined in claim17 wherein the Ru content is 0.1-0.2 mmvl/g
Tiderr]. 19. An NOx adsor bent aszggfi ned in claim13 wherein the Ce
content is 1.0-10 nmmol /g Tiderr]. 0. An NOx adsorbent as defined in
claim 19 wherein the Ce content is =2.5 Tollg Tigerr]. - 21. An NOx
adsorbent as defined in claim 13 wherki content of at |east one netal
anong Ag, Cu and Mhis 0.1- 5.0 mml/g T|Qerr] 22. An NOx adsor bent
as defined in claim2l~whdfBimrrtire L,umerrn—of"ﬂ'l—"l'easr—qne met al anong Ag,
Cu and WMn is 0.3- 2.& nmol/( Tlﬂer'r] :23.: An iNOxi adqor bent as defi ned
in claim 13 which has& speuflc surfa;ce ar eai of i40- 200 mMerr]/g TiQ2[err]
24. An NOx adsor bent defined ;n Clalim23 Wn;ch has a |specific surface
area of 70-140 nR/g Ti eﬂ?‘f’. """ R A R CR A
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25. An NOx adsorbent as defined in claim13 wherein said carrier is a
metal -Ti systemsurface-reforned titania carrier obtained by adding the M
compound and the second conpound of at |east one netal selected fromthe
group consisting of Cu, Fe, NN and Sn to anorphous titania and

37 baking the titania. 26. An NOx adsorbent as defined in claim 13 which
is obtained by inpregnating anorphogg3titania with a solution of the
manganese conpound, baking the titania, inpregnating the obtained M-Ti
system surface-reforned titani a carrfng MH%h t he solution of the oxides of
Ru and Ce, and the oxide of at |eas SZ tal among Ag, Cu and My, and
baking the «carrier. 27. A Mh-added titania carrier obtained by adding a
Mh conpound to anor phous ti a. 28. A M-added
titania carrier as defined in ' '

pl ate obtained by inpregnatir , fibro S preformwith a
titania colloidal solution ang
titania carrier as definedg.g
mmol /g TidJerr].
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30. A Mh-added titania carrier as defined in claim29 wherein the M
content is 0.6-2.0 mol/g Tigerr]. 31. A Mi-added titania carrier as
defined in claim?27 wherein the specific surface area of the carrier is:
40-200 nferr]/g Tigerr]. 32. A Mh-added titania carrier as defined in
claim31l wherein the specific surface area of the carrier is 70-140
nMerr]/g Tigerr]. . 33. A Mi-added titania carrier as defined in claim27-
38 which is produced by inpregnating a substance obtai ned by evaporating
atitania colloidal solution to dryness with a nanganese salt solution and

baki ng t he substance.

ABSTRACT

NOX ADSORBENTS

The present invention relates to a Mn-added titania
carrier obtained by adding a Mn salt to amorphous titania
and baking the titania. The invention also relates to an
NOx adsorbent comprising the above-mentioned titania
carrier and adsorbing components coﬁprising oxides of Ru
and/or cé supéorted on the carrier. The invention also
reiates to an NOx adsqrbent comprising the above-mentioned
titania carrier and adsdrﬁing components comprising oxides
of Ru éﬁd/orucé and an oxide of at least one metal amdng
Ag, Cu and Mn supported on the carrier. The NOx adsorbents
embodying the invention are effectively used for
efficiently adsorbing and removing NOx from jases which
contain much moisture and low-concentration, for example, a
few ppm NOx such as gases discharged by ventilation.from

highway tunnels.




