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Titanium　oxide－encapsulated　X　and　Y　zeolites　were　prcpared　by　ion　cxchange

with（NH4）2TiO（C204）2，The　obtained　zeolites　werc　characterized　by　means　of

XRD，Fr－IR，XPS，UV－vis　and　photolumines㏄nce　spect【’oscopies．By　the
introduction　　of　　TiO2＋　ions，　the　zeolites　exhibited　adsorption　and

photo董uminescence　bands　and　became　sensitive　to　UV　infadiation。A　high
αしtalytic　activity　of　NO　decomposition　was　obtaincd　at　room　temperature　under

UV　irradiation。The　major　p【oducts　in　the　presen㏄of　oxygen　were　N2md　N20．

In　reference　experiments　of　TiO2powder　significant　produ（ンtion　of　NO2was

observed．

　　　　　　1　1NTROI》UCTION
　For　　the　　preservation　　of　　the　　globaユ

environment，somc　zeolite　catalysts　modified
by　Cu，　Ga，　Pt　and　Cb　have　been　studied　for

decomposition　of　NOx　under　thermal
conditions　and　in　the　prcsence　of　reductants1－4）。

For　photocatalytic　decomposition　of　NO，Anpo

et　al．reportcd　the　　experimental　results

obtaincd　by　using　Cu－Y　and　Cu－ZSM－5
catalysts　undcr　irradiation　of　a　high　pressure

mcr㎝ry　lamp5）．　They　suggested　that
monovaient　coPPer　ions　play　a　significant　rolc

in　initiation　of　the　NO　decomposition。

Furthcrmore，photocatalytic　deoomposition　of

N20into　N2and　O20n　degassed　Cu－ZSM－5
zeolite　or　on　TiO2－dispersed　glass　has　been

reportcd　by　Ebitani6）and　Cαnt7）．Sin㏄zeolite

has　thc　wel1－defined　crystalline　structure　with

the　intemal　pore　and　cage，semiconductors
such　as　TiO2，　CdS　and　ZnS　could　bc
encapsulatcd　in　it．　These
subsequently　　　　　exhibited

properties8’11）。　The　other

catalysts　reported　　so　　far

porous　　vycor　　glass12），

modified　zeolites
　　　photocatalytic

　titanium　oxide
　were　pla㏄d　on
encapsula霊ed　　　in

copolymerB），and　mixcd　with　silicon　as　binary

oxide　powder14）or　glass15）．However，there

wcre　no　reports　on　the　photocatalytic
decomposition　of　NO　over　these　catalysts．
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　　　　　　　　2　EXPER亙MENTAL
　Na－X　and　Na－Y　zOolites　were　kindly　supplied

from　Mizusawa　Chemical　Engineering　Co。Ltd。
In　ordcr　to　introd1巳㏄titanium　into　the　zeolite

pores，ion－exchange　method　was　carried　out　by

using（NH4）2TiO（C204）2asfollowed・A
solution　of　100　ml（18．O　mmoレdm3）　of
（NH4）2TiO（C204）2was　used　for　treating3・09

0f　zeolite　at303t（》313K　for　about15　hours．

The　treated　zeolites　were　washed　with
dcionセcd　watcr　and　dried　at393　K　for

ovemight。Aftcrrcpeatedthcion－exchmge
treatment，the　zeo】ites　were　calcined　at793K

for　6　hours．The　obtained　zeolites　werc
denoted　as　Ti－X　and　Ti－Y．The　oontents　of
titanium　in　the　Ti．一X　and　Ti－Y　zeolites　were

O．67wt％and　O．63wt％，respectively。

　The　zeolite　catalysts　were　characterized　by

means　of　XRD，FT－IR，UV－vis　and　XPS
spectroscopies．　The　　X－ray　　d三ffraction

measurements　were　performed　with　a　Rigaku

RAD　　3A　　g（｝niometer．　Fof　　FT－IR

measurements，catalysts　were　ground　with
potassium　bromide　and　then　presscd　into　dlsks。

The　transmission　IR　sp㏄tm　of　the　disks　were

measured　with　a　JASCO　FT－IR－5A．UV－vis
diffuse　reflectm㏄spcctτa　were　taken　at298K
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with　a　JASCO　UNIDEC　model　660
spcctrometer　eq腿ipPed　w】lth　an　integrating

sphere．An　A1203　Plat¢was　used　for　the
reference．Photolumines㏄nce　was　measured　at

77K　with　a　HITACHI　mode1850instrument．
The　samples　containcd　in　Sprasil㏄11were
immersed　in　liquid　nitrogen　in　a　Dewar　vessel

with　quartz　windows・

　The　photocatalytic　reaction　of　NO　was
evaluated　with　a　fix－bed　flow　reactor　system．

In　thc　quaτtz　rcactor，a　glass　rod　was　instaUed

to　make　thc　bcdof　the　cata、lyst　in　theform　of

blank　cartridge．This　method　incτeased　the

surfa㏄arca　of　the　bed　which　was　irradiated

with　a　high　pressu【e　mcrcury　lamp．The

reactantgashaving1．2％NO，1・0％airand
97．8％of　He　was　used．Thc　flow　mtc　of　thc

reactant　gas　was4ml／min．The　weight　of　the

catalyst　packed　in　the　reactQr　was　O．8g。

　　The　NO　deoomposition　w…ユs　analyzed　by　a　gas

chromatography（Gasukur（l　Kogyo，model370
）using　a　molecular　sievc5A　column　for　O2，

N2and　NO，and　a　Po【apak　Q　column　for　the

sep駄rationofN20・
　　The　conversion　of　NO　and　the　yield　of　N20r

N20were　defined　by　the　following　felations：

　　Conversion　of　NOニ（MoNo－MNo）／MoNo
　　Yield　of　N20τN20＝2MN2／MoNo
　　　　　　　　　　　　　　　　　or2MN20／MoNo

　　where　M　and　Mo　arc　the　mole　flow　rates　of

the　componcnt　indicated　by　the　subscript　at　the

　outlct　and　　藍nlet　of　photocatalytic　reactor，

respectively．

　3RESULTS　AND　DISCUSSION
　3．l　Characterization　of　titanlum
－e皿capsulatedzeolites
　The　　X－ray　　diffracti｛）n　　pattems　of

Ti－modified　zeolites　showed　that　the　zeolites

did　not　contain　a　detectable　TiO2phase．The

crystallinity　of　the　obtained　zeolites　was　not

affected　by　the　ion　exchangc　of　TiO2＋and　the

calcinationatclevatedtemperature．
　　Figure　l　shows　IR　spectra　of　Y　zeolite

（Na－Y）and　Ti－modified　one（Ti－Y）．After　ion

exchangc　with　TiO2＋，the　Ti－Y　zeolite　has　a

pcak　at910cm4　in　thc　spcctfum。It　was
reported　by　Liu　et　aL　that　this　is　due　to　the

intro〔luction　Qf　TiO2＋　ions11）．　A　st【ong

absorption　band　appearcd　near1000cm冒1is
characteristic　for　zcolite　framework。The　shift

of　this　band　to　the　highcl－wavenumber　side
indicates　that　thc　TiO2＋ions　were　introduced
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800㎝’1rcgionandth¢shift・fthep¢akat
1000cm－1indicates　a　iaτge　intera（ンtion　of　Ti

sp㏄ieswithzeolitcs．
　Figure3shows　UV－vis　ref1㏄tan㏄sp㏄t【a　of

thc　obtained　zeolitcs　and　TiO2powder（74％
anatase　and26％rutile）。By　the　introduction　of

TiO2＋into　the　zcolite　pQres，thc　Ti－X　and　Ti。Y

zco五ites　exhibitcd　absorption　with　thrcshold

wavelengths　at390and360nm，resp㏄tively、
Ontheotherh㎜d，theabsorptionintensiticsQf
Na・X　and　Na－Y　wefe　small　eve蔽　in　th¢

wavelcngth　rogion　shortcτthan300nm．The
absoτption　intc皿sity　of　Ti－X　is　highcr　than　that

of　Ti－Y。Tho　τesults　of　XPS　cxpeτiments

indicated　that　the　titanium　oontent　oロ　the

su【fa㏄of　Ti－X　zeolite　was　about2．2times　as

much　as　Ti－Y　zcolite．This　obse【vation　was
cousistcat　with　thc　laτgo　absoτban㏄in　the　UV

sp㏄tra　of　Ti－X．Hbwever，by　comparing　with

TiO2powdc【，tho　absorption　foτTi－X　and
Ti。Y欧℃lites　was　smallcr　in　the　i凱ensity　and

shoτte【in　thc　th【cshold　wavclength。This【c甜1t

indicatcs　that　the　dif£e【¢且t　ciτ㎝mstan㏄s　in　the

zcolites　aff6ct　the　UV　absorption　with
diffe【cnt　intcractioΩ．The　above　observation　in

UV　sp㏄tra　was　similaτto　that【oported　for　the
titanium・dispoπsed　titan柔um　si豆cate　zeo1ite16）・

　　Figure　4　shows　the　photolumines㏄nce
sp㏄tra　of　Ti－X　and　Ti－Y　zcolites　at77K．For
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the　Ti－X　zeolite，a　pcak　in　the　emission

sp㏄trum　appearcd　at510nm，whilc　fo【the
Ti－Y，it　appeared　at　a　shorter　wavolcngth　of

490nm．The　dispcrsion　degr㏄on　tho　whole
Ti－Y刀x｝1ite　particl．e　might　be　relatively　larger

than　that　on　Ti－X　zeolite，b㏄ause　th¢titanium

oont¢nt　on　the　cxternal　surface　layor　of　the

Ti－Y　zeolite　was　smaller　than　that　of　Ti－X

双℃lite　and　the　total　amount　of　titanium　atoms

was　almost　equal　for　both　zeolites。The　high

dispeτsion　may　cause　strong　inteτaction　of　thc

砒anium　atom　with　the　zOolite　framework　and

may　cxplain　the　shorter　peak　wavelongth　in　the

emission　sp㏄tra　and　the　smaller　absoτban㏄in

theUVsp㏄tτa．Thesamcphcnomcnonwas
also　observod　in　titanium－silicon　binaτy　oxidc

catalys葛14），wheτolth¢photolumines㏄n㏄・fth。

binary　oxide　oontaining　O、3％t重tanium　showed

a　smaUe【intensity　and　apPcaτcd　at　sho【te【

wavclength　compaτed　with　that　containing
1。0％titanium．As　shown　by　the　b【okcn　Iine　in

Figu－e4，the　photolumincs㏄n㏄of　Ti－X　and
Ti。Y　is　sQmowhat（luoacked　Qn　the　cQatact　with

20kPa　oxygen．Comparing　witb　TiO2powder，
the　quenc駄ing　phenomenon　of　the　Ti－X　and
Ti－Y玖x）lites　was　similar　to　that　obseτve（i　for

the　titanium－silicoll　oxides14）and　the　titanium
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ooatedpomsvycorglass15），
　The　different　degree　of　the　titanium
dispersion　might　be　caused　by　the　differcn㏄of

theionexchangesiteintheXandYzeolites
and　by　the　condcnsation　of　TiO2＋ions　during
the　calcination11）．　　　In　　or　dcr　tQ　　avoid　　the

colloidal　formation　in　thc　ion　exchange
pro㏄dure，（NH4）2TiO（C20，4）2salt　was　used　to

introdu㏄　the　TiO2＋　ions　into　the　zeo1孟tes。

However，it　was　not　clear　tLlat　on　which　site　in

faujusite　the　TiO2＋ions　located。

　3，2　　Photocatalytic　activity　for　NO
decomposition
　The　　experimental　　results　　of　　NO
dccomposition　gver　the　Ti。X，Ti－Y　and　TiO2

catalysts　are　shown　in　Figur¢5．The　main
products　of　the　photoα1talytic　decomposition　of

NO　were　N2，N20and　O2．The　conversions　of
NO　for　Ti－X　and　Ti－Y　zeolites　were　higher

than　that　for　TiO2・The　yields　of　N200bservcd

foτthe　Ti－X　and　Ti－Y　zeolites　tend　to　increase

with　the　reaction　time．The　amount　of　NO2
formed　was　vcry　small　over　Ti－X　and　Ti－Y．

However，the　fQrmation　Qf　NO2was　found
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three　times　as　much　as　the　formation　of　N20

0vcτTiO2．On　both　modifie（l　zeohtes　and
TiO2，a　little　amount　of　O2was　produ㏄d．For

unmodified　Na－X　and　Na－Y　宏℃lites，　no
formation　of　N2and　N20was　found　under　the

W　irradiation．

　As　shown　in　Figure　5，　the　zcolites
cncapsulated　　by　　titallium　have　　high
photocatalyticτeactivity　oompared　with　that　of

the　bulk　TiO2．From　the　product　components，

it　seems　that　thc　titanium－encapsulated　zeoiites

mainly　catalyze　the　reduction　of　NO，but　the

bulk　TiO2catalyzes　thc　oxidat量on　of　NO　undcr

the　prescnt　oxperimental　oonditions．

　The　high　reactivity　on　the　modified　zeohte

could　bc　explaincd　by　that　the　coor　dinative

unsaturated　titanium　atoms　were　hlghly
dispersedontozeolites．A㏄oτdingto　the
results　of　XPS，　UV－vis　absorption　and
photolumines㏄n㏄measuτcmcnts，the　surfa㏄
content　of　titanium　on　thc　Ti－X　zoolite　was

Iargeτthan　that　on　the　Ti－Y　zcol孟te．Sin㏄the

efficienciesoftheNOdeoompositionwore
almost　same　in　thc　two　types　of　zeolites，the

decomposition　reaction　might　o㏄ur　not　only

on　the　external　surface　of　zeolite，but　also　on

theintemalsuτfa㏄．Ontheotheτhand，the
different　scl㏄tivity　in　the　photoα1talytic

decomposition　was　observed。The　yield　of　N20

was　larger　on　Ti－Y，while　that　of　N2was
large【on　Ti－X．In　additiQn，it　is　noted　that　the

high　reactivity　for　the　Ti－X　and　Ti－Y　z¢olites

was　observed　even　in　the　prescn㏄of　oxygen．

The　photolumincs㏄n㏄　intensity　shown　in
Figure4was　not　completely哩uenched　even
though　they　contacted　with20kPa　of　oxygcn．

It　is　probable　that，　under　the　　irradiation

conditi・n，theencapsulatedtitaniumgivesits
electτon　to　the　anti－bondingπ　orbital　of　NO

and　assists　the　decomposition．Meanwhile，it　is

suggestedthattheprodu㏄doxygenspecies，
such　as　O’and　OH，were　not　effective　to【eact

contilluously　with　NO　on　the　Ti－X　and　Ti－Y

zeohtes・Ontheotherhand，thereactivityfor
NO　decomposition　ove【TiO2powder　was　not
so駐ighasexp㏄ted．翫αしusetheactiveoxygcn

speciesO2’，0’andOHc・uldbeeasily
generated　on　the　irradiated　TiO2suτfa㏄，NO
tended　to　be　oxidized　to　NO2and　nitrate17）．

lnoonclusion，theion
with　（NH4）2TiO（C204）2

exchange　treatment

allowed　titanium　to
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disperscintotheXandYzeolites．
Characterization　by　means　of　XRD，FT－IR　and

other　spectroscopies　proved　that　titanium　was

introdu㏄d　into　the　zcolites．The　introduction

of　titanium　caused　the　UV　light　absorption　and

photoluminescen㏄。The　modi且cd　zeolites　had　a

high　activity　for　the　d㏄omposition　of　NO

compared　with　that　of　TiO2powder　at　room

temperature　under　the　irradiation　with　UV

light。The　N2，N20and　O2were　produ㏄d
from　NO　on　the　modified　zeolites．The　present

resuks　suggest　that　the　titanium　modified
zeolites　havc　a　possibility　serving　as　a　new　type

of　material　for　NO　photodecomposition。
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