DESCRI PTI ON
Title of Invention
OZONEOXIDATIVEDECOMPOSITIONTREATMENTMETHODFOROCSAND/OR
GASEOUS INORGANIC REDUCING COMPOUNDS IN GAS

Techni cal Field

[0001] The present invention relates to a method fo r
performing treatment on a VOC and/or a gas-phase in organic
reducing compound in a gas by decomposition through ozone
oxidation. More specifically, in performing a trea tment of
volatile organic compounds (VOCs) for which the emi ssion
regulationisbeingstrengthenedbyAirPollutionC ontrolAct,

a treatment of malodorous components for which the emission
regulationisbeingstrengthenedbyOffensiveOdor ControlAct,
andaremovalofvariouscomponents,suchasethyle ne,aldehyde,
andterpene,whichare mixedinagasinsideofap reservation
warehouseforagriculturalcrops,theremovalbeing desiredfor
keeping freshness of the agricultural crops, the pr esent
invention relates to a method for performing an oxi dative
decomposition treatment with ozone on a VOC and am alodorous
component in a highly efficient manner by outstandi ngly
accelerating an oxidation reaction of the VOC by 0z oneinthe
case where these VOCs, malodorous components, and t he
above-describedvariouscomponentsare subjectedto oxidative

decomposition by ozone.

Background Art

[0002] For example, in treatments of an exhaust gas

containing VOCs (such as volatile alcohols, ketones , esters,
ethers, aldehydes, and aromatic compounds), a metho d of
honeycomb rotor TSA (temperature swing adsorption m ethod) +
catalytic combustion method is most frequently adop ted. In
thismethod, the VOCscontainedinanexhaustgasa resupplied
into anadsorption bed packed witha high silicaze olitetobe

adsorbedandremoved,ahigh-temperaturehotblast issupplied



intotheadsorptionbedofthehighsilicazeolite
VOCsareadsorbedtodetachtheVOCsatahightemp
VOCs are concentrated by volume reduction, and the
detached/concentrated VOCs are subjected to oxidati
decompositionthrough catalyticcombustion. Inadd
treatments that are expected to be wide-spread in t
include a Packed Bed Plasma VOC Treatment, which is
by U.S. Environmental Agency, in which life-prolong
dischargeisperformedatasurfaceofaferroelect
inapacked bed packed with the ferroelectric subst
asbariumtitanate),andaVOC-containinggasisth
intothepackedbedtoperformoxidativedecomposit
methodsshowconstantperformanceinthetreatments
but in the method of honeycomb rotor + catalytic co
there is a limit to cost reduction due to the compl
apparatusesandthecomplexityofoperations,andi

Bed Plasma VOC Treatment, there is a limit to the V
rate, so thatthere is concern that these methods w
able to conform to the emission regulations for the
malodorous components in the future.

[0003] On the other hand, performing oxidative

decomposition of the VOCs through homogeneous gas p

reaction by adding an ozone gas to a gas containing
contamination components such as the VOCs and the m
components (hereinafter, description will be made t
VOCsas arepresentative example)is also possible.
such oxidative decomposition has not been put into
useyetbecausetheozoneoxidationreactionofthe
concentrations is slow; the treatment of unreacted
complex; and the production cost of ozone that is u
oxidizing agentis expensive. Inaddition, therei
amethodinwhichahighsilicaadsorbentco-adsorb

and ozone is used as a packing material for improvi
reaction efficiencyinthe ozone oxidation, thereby
enhancementofefficiencyintheoxidationreaction

by ozone in a crystal of the high silica adsorbent
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co-adsorbed the VOCs and ozone (see Patent Literatu
2, and the like).

Ctation List

Patent Literature

[0004]Patent Literature 1: Japanese Patent No. 3382
Patent Literature 2: Japanese Patent No. 3382857

Summary of I nvention

Techni cal Probl em

[0005] However,accordingtothemethodproposedin
Literaturesland2,andthelike,theenhancement

in the ozone reaction of the VOCs is realized, but
enhancement of efficiency is required for putting t

into practical use. Further, in the conventional m
there is a risk that the oxidative decomposition re
theVOCsisterminatedinthemiddle ofthereactio
anorganicacidresultinginanodorouscomponent,
case,thereisalsoaproblemthatthisorganicaci

onthe zeolite crystaltolowerthereactionrateo
oxidationreaction,andthereforeimprovementsfor

the oxidative decomposition of the VOCs by ozone fu
efficiently and sufficiently are desired.

[0006] Accordingly,anobjectofthe presentinvent
to provide amethod for performing decomposition tr
aVOC and/or agas-phase inorganic reducing compoun
through ozone oxidation, by which further enhanceme
efficiency in oxidative decomposition reaction by o
achieved,decompositiontreatmentcanbeperformed
onasubstance as an object ofthe treatment, such
eveninahigh-flowrateexhaustgascontainingthe

like inlow concentrations, and the amountof ozone

can be reduced in a method for performing an oxidat
decomposition treatment with ozone using the above-
high silica adsorbent as a packing material to co-a
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substance as an object of the treatment, such as th e VOC, and
ozone.

Sol ution to Problem

[0007] The above-described object is achieved by th e
presentinvention. Thatis, the presentinvention providesa
methodforperforminganoxidativedecompositiontr eatmentwith
ozone onaVOC and/or agas-phase inorganic reducin g compound
inagas,themethodcomprisingadding/mixinganoz onegasinto
agas comprising as components being objects of the treatment
aVOCand/oragas-phaseinorganicreducingcompoun d,andthen
bringing a resultant mixed gas into contact with a packing
materialcomprisingasabasematerialahighsilic aadsorbent
co-adsorbingthe componentsbeingthe objectsofth etreatment
andozonetoperformdecompositiontreatmentonthe VOCand/or
the gas-phase inorganic reducing compound through o zone
oxidation,whereinthepackingmaterialisobtained bycarrying

a particulate powder of a transition metal-containi ng oxide
havingaBET specificsurfaceareaof80m 2ormoreonthebase
material.

[0008] Preferredembodimentsofthemethodforperf orming
anoxidativedecompositiontreatmentwithozoneon aVOCand/or
agas-phase inorganic reducing compoundinagasac cordingto
the present invention include the following. Thet ransition

metal-containingoxideisanoxideofatleastone

the group consisting of Co, Mn, and Cu, oracomple
two or more selected from the group consisting of C
Cu; the transition metal-containing oxide is a comp
of Co, Mn, and Cu, or an oxide of Co; the particula
of the transition metal-containing oxide is formed
precipitate obtained through coprecipitation perfor
mixing an aqueous solution of a salt of at least on
selected from Co, Mn, and Cu, or a mixed agueous So
two or more metal salts the metals of which are sel
Co,Mn,andCuwithanaqueousalkalinesolution;w
gascomprisingtheVOCand/orthegas-phaseinorgan

selectedfrom
x oxide of
o, Mn, and
lex oxide
te powder
using a
med by
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lution of
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henanexhaust
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compound is brought into contact with ozone, a conc
ratioofaconcentrationofozoneinjectedintothe

to a concentration of the VOC and/or the gas-phase
reducing compound (in terms of C1) in the exhaust g
constitutedtoexceed0.8;the BET specificsurface

nt or more; the high silica adsorbent comprises any m
selected from the group consisting of a high silica
zeolite,adealuminized faujasite,and amesoporous
and the VOC and/or the gas-phase inorganic reducing
isatleastone selected fromthe group consisting

methyl mercaptan, hydrogen sulfide, methyl sulfide,
trimethylamine, acetaldehyde, propionaldehyde, norm
butyraldehyde, isobutyraldehyde, normal valeraldehy
isovaleraldehyde, isobutanol, ethyl acetate, methyl
ketone, toluene, styrene, xylene, cyclohexanone, pr
acid,normalbutyricacid,normalvalericacid,iso

and carbon monoxide.
Advant ageous Effects of Invention

[0009] The present inventors have obtained new find
described belowinconductinganozone-VOC oxidatio
inagasphase,andhavetherebycompletedthepres

The presentinventors have found that when an adsor

a porous body comprising a high silica zeolite or t
co-adsorbingaVOCcomponentasanobjectoftreatm
theporousbodybeingusedinconventionaltechniqu

as a base material; and a particulate powder of a t
metal-containing oxide having a BET specific surfac

80m 2ormoreiscarriedonthebasematerialtouseas
material in the reaction system, the ozone gas inje

a gas as an object of the treatment and VOCs and th
thegascomeintocontact,sothattheVOCsareoxi
inahighlyefficientmannerinastatewheretheV
areco-adsorbedtothepackingmaterial,andonthe
unreactedozonethathasnotbeenusedintheoxida

is surely converted into oxygen.
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[0010] Ithasbeenascertainedthataccordingtoth
forperforminganoxidativedecompositiontreatment
of the present invention having the above-described
constitution, the oxidation reaction rate reaches a
about10toabout100timesfasterthanconventiona
oxidative decompaosition reactions by ozone in a sys
the oxidative decomposition treatmentwith ozoneis
after acomponent as an object of the treatment and
co-adsorbed, and the VOCs and the like are oxidized
in a highly efficient manner. It is considered tha
broughtaboutbythereasondescribedbelow. First
gasinagas phase frequently decomposes without co
to oxidative decomposition due to collision with a
substance other thanthe VOC componentsinthe gas
thereforetheefficiencyinthe decompositionofth

not become so high. On the other hand, it is infer
inthe oxidationreactionbetweenozoneandtheVOC
inaporous packingmaterialcapable of co-adsorbin
theVOCs,theporouspackingmaterialconstituting
invention, a fine particle of a transition metal-co
oxide having a high BET specific surface area, as h
nt or more, the fine particle characterizing the pres
invention, exists and gets into an oxidation state
andtheVOCs,whendiffusedtoreachthefine parti
thetransitionmetalinthe oxidation state, thati
areoxidizedtomaketheoxidation-reductionreacti

so that a high efficiency in the decomposition trea

be achieved. Further, the amount of ozone to be co
thisefficientoxidationoftheVOCsbyozoneisgr

when compared to the above-described gas-phase reac

betweenozoneandtheVVOCsintheconventionaltech
aremarkableincreaseinthereactionrateisachie
arenotdisclosedatallinthefindingsontheozo

reaction of contamination components in the convent

techniques. According to studies conducted by the
inventors, the amount of ozone required in the oxid
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decomposition treatment with ozone for the VOCs and
malodorous substances in an exhaust gas or the like
reduced greatly by constituting the oxidative decom
treatment with ozone as described above. As a resu
above-describedoxidationreactionbyozoneisacce

on top of that, the amount of expensive ozone to be

be reduced, and further, the amount of unreacted oz
reduced, sothatthe above-described constitutionc
contribute to putting the oxidative decomposition t
with ozone into practical use.

Brief Description of Draw ngs
[0011][Figure 1] Figure 1 shows a schematic diagram
illustratingaflowofoneembodimentforcarrying
according to the present invention.

Description of Enbodi nents

[0012] The presentinvention willbe describedind
givingpreferredembodimentsaccordingtotheprese
Figure 1 shows a schematic outline diagram of one e
for carrying outa method according to the present
Thepresentinventionwillbedescribedindetailw

to this figure. As one example, an oxidative decom
treatment with ozone is performed with an apparatus
lusinganexhaustgascontaining MEK (methylethyl
aVOC. Thisexhaustgaslissuppliedintoapacke
aflowchannel2illustratedinFigureltoperform
whereinthepackedbed3ispackedwithaporousbo
asabasematerialahighsilicaadsorbentco-adsor
ozone, the high silica adsorbent being a porous bod
particulate powder of a transition metal-containing
having a BET specific surface area of 80 m
particulate powder carried onthe base material (he
also referred to as “transition metal fine particle
porous body” or “porous body”). In this test, an u
particulate complex oxide comprising three kinds of
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Co, Mn, and Cu; and an ultrafine particulate oxide
usedastheparticulatepowderofatransitionmeta

oxide. In the present invention, regardless of wha
described above, another oxide of at least one sele
thegroupconsistingofCo,Mn,andCu,oranother

of two or more selected from the group consisting o
and Cu can be used as the transition metal-containi
[0013] The above-described transition metal-contain
ultrafine particle-shapedoxidetobe utilizedsuit
present invention is preferably prepared by the wet
coprecipitation method described below. For exampl
ultrafineparticle-shapedcomplexoxidecomprising
ofmetalsofCo,Mn,andCucanbeobtainedeasily
asdescribedbelow. Firstly,anaqueoussolutiono
Co,ofasaltofMn,andofasaltofCu,andanaq

of Co are
[-containing
tis
cted from
complexoxide
fCo, Mn,
ng oxide.
ing,
ablyinthe

e, the
threekinds
inthemanner

fasaltof
ueoussolution

of an alkali such as caustic soda are prepared, and these are
dropped into an aqueous medium to deposit a copreci pitate of
the three kinds of metals. Subsequently, the obtai ned
coprecipitate is subjected to filtration, washed wi th water,
dried, andisthen subjectedto aheattreatmentin arange of
100to500 °Ctoobtaintheintendedultrafineparticulateoxid

containing Co, Mn, and Cu. The particle diameter o fthefine
particle thus obtained is extremely small, as small as about
0.02toabout0.1 pum,andthe BET specificsurfaceareathereof

becomes 80 m 2 or more, or further, 100 m 2 or more.

[0014] Asthe saltof each metalto be usedinthis case,
any of commercially available metal salts can be us ed, and
sulfates, nitrates, chlorides, and the like can be used. In
addition, as the alkali to be used, general alkalis such as
caustic soda, soda ash, and sodium bicarbonate can be used.
With respect to the ratio of each metal to be mixed ,arange
of 40mol% orlessfor Co,arange of 30to 70 mol% forMn, and
arangeof25to45mol%for Cuare suitableinter msofamolar
ratio relative to the total moles of respective met als. In
addition, with respect to the concentration of the agueous
solution of each metal salt, a range of approximate ly 5to



approximately50%bymassissuitable. Accordingt othestudies

conducted by the present inventors, with respect to the
precipitationcondition,whentheprecipitationpH isadjusted
ina pH range where the transition metals precipita te,afine
precipitatecanbedeposited. ThepHmaybeadjust edinarange
of a pH of approximately 5 to approximately 14, sui tablyina
rangeofapHof9to13. Theshapeoftheobtaine dprecipitate
isclosetoanamorphous shape, butaheattreatmen tisneeded
in order to make the properties more stable, and th e heat
treatmentmaypreferablybeperformedinarangeof 100to500  °C,
more preferably in a range of 100 to 300 °C. When the heat
treatment temperature during the treatment is too h igh, the
specific surface area is decreased, so that the tra nsition
metal-containing,ultrafineparticulateoxidespeci fiedinthe
present invention cannot be obtained. When the BET specific
surface area of the transition metal-containing, ul trafine
particulate oxide to be carriedislessthan80m 2 the number
of VOC-adsorbing sites is decreased to deteriorate the
adsorption property, so that the effect of enhancin g the
efficiency in the ozone oxidation cannot be obtaine d.

[0015] Further, for example, in the case where the

transition metal is only Co, an ultrafine particula te oxide
containingCocanbepreparedbythewetcoprecipit ationmethod
basically in the same manner as described above. T hatis, an
agueous solution of a salt of a metal of Co and an agueous
alkalinesolutioneachpreparedinadvancearedrop pedintoan
agueous medium to obtain a precipitate of a metal o fCo, and
the obtained precipitate is subjected to filtration , washed
withwater, dried,andthensubjectedtoaheattre atment,and
thustheintendedultrafineparticulateoxideconta iningCocan
be obtained. Inthiscase,the heattreatmentisp erformed by
settingtheheattreatmenttemperatureinarangeo f300to800 °C,
preferably in a range of 400 to 700 °C.

[0016] The above-described powder of a transition
metal-containingoxideforuseinthepresentinven tioncanalso
beproducedbydry-mixingoxides,carbonates,basic carbonates,



and oxalates of respective metals in combination, a
firingtheresultantmixturewhenthe BETspecific

of the transition metal-containing oxide is not tak
consideration. However, the mixed raw material of
and the like of the respective metals has a large p
particle diameter, so that the particle diameter of
obtained by performingfiring after the dry-mixing

to sub-micron meters at the smallest, and the powde
particle diameter of sub-micron meters or less cann
produced. Therefore, the powder has a specific sur
ofaboutseveralm
so that an ultrafine particulate powder of a transi
metal-containing oxide having a BET specific surfac

80 m 2 or more specified in the present invention cannot
produced. In contrast, the powder obtained by the
above-described wet process is, for example, an ult
particle having anaverage particle diameterof0.0

or having an average particle diameter of about 0.0
accordingtocircumstances,asamplehavingaspeci

area of exceeding 100 m 2 or further, exceeding 200 m
made by the above-described wet process, and theref
powderobtainedbytheabove-describedwetprocess

useful for adsorbing and removing the VOC in an exh

which is the object of the present invention. The
inventorsconsiderthatthereasonisasfollows;n
theVOCorthelike beingtheobjectofthetreatme
areintroducedinapackingmaterial,thetransitio

particle gets into an oxidation state by ozone, and

when diffused to reach the transition metal fine pa

reduces the transition metal in the oxidation state

oxidized. Sincethetransitionmetalfineparticle

specific surface area, the above-described
oxidation-reduction reaction progresses actively, a

result, the adsorption and removal of the VOC in th

gas have been performed in a highly efficient manne
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[0017] Themethodofcarryingthefineparticulate
of atransition metal-containing oxide obtainedin

as described above on the base material being a hig
adsorbent being a porous body co-adsorbing the VOC
asanobjectoftreatmentandozoneispreferably p
themannerasdescribedbelow. Itispreferablyth

a base material the high silica adsorbent co-adsorb
component as an object of treatment and ozone, a sl
containing an ultrafine powder of the transition me
asdescribedabovebeappliedonthesurfaceofthe
theappliedslurryonthebase materialbethendri

to prepare a molded body molded into a monolith acc
the shape of a bed to be packed, and the molded bod
as the packing material. The concentration of the
notparticularly limitedand may be, forexample, a
mass. Thetemperatureduringdryingandfiringis
preferably, for example, about 250

material include a base material that is molded wit
aluminosilicate comprising as main components Si, A
oxygenatom;thatismadeofahighsilicazeolite
body;andthathasacardboardstructurewhichiso
example, by laminating flat plates and a corrugated
alternatingly,andwhichhasanintervalbetweenth

of 2 mm, an interval between tops of the corrugated
2 mm, and a plate thickness of 0.2 mm. By makingt
the base material in this way, the chances of the
previously-describedoxidation-reductionreactiona
increased, sothatthe adsorption and removal ofth
exhaust gas is performed in a more highly efficient
[0018] Asthehighsilicazeolitebasematerialbei
aboveandco-adsorbingthecomponentasanobjecto
andozone,boththehighsilicazeolitebasemateri
inJapanesePatentNo0.3377733anddescribedinJap
No.3382854 canbeused. Specificexamplesofthe
zeolite base material include a high silica zeolite
material comprising a high silica pentasil zeolite,
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dealuminized faujasite, and a mesoporous silicate a
a cardboard structure as described above.

[0019] In the method for performing an oxidative
decomposition treatment method with ozone on a VOC

gas-phaseinorganicreducingcompoundaccordingto
invention, a packing material 4 obtained by carryin
particulate powder of a transition metal-containing
preparedinthe mannerasdescribedaboveontheba
beingaporousbodycomprisingahighsilicaadsorb

in a bed 3 to be packed, the bed illustrated in Fig
(hereinafter,referredtoaspackedbed)toperform
decomposition of the VOC and the like by ozone in t
as described below.

[0020] Numerical reference 1 in Figure 1 denotes an

introduction portforagas, suchasanexhaustgas

the VOC or the like, which is an object of treatmen
numerical reference 2 in Figure 1 denotes a flow ch
theexhaustgas. AsillustratedinFigurel,inth

2 for the exhaust gas, an ozone gas is injected fro
generator 5 into the exhaust gas through a flow cha
ozonetomixtheexhaustgasandthe ozonegas. Su
this mixed gas is introduced into the packed bed 3,
oxidative decomposition treatment with ozone is per
thepackingmaterial4whichispacked. Inthisca
gasto be introduced into the packed bed 3 is prefe
to satisfy a ratio of an ozone concentration atan

to the packed bed/a VOC concentration (in terms of
inletportofexceeding 0.8. Further, theratio of

is sufficient, and, for example, whenthe ratio is
thedecompositioncanbeperformedsufficientlyand
According to the studies conducted by the presenti
it has been found that by adjusting the amount of t
gastobeintroducedforperformingthetreatment,
inthe manneras described belowwhen specified by
(flowrate ofgastobetreated per1m

in units of [1/h]), a high capability of decomposin
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isobtainedinanycasesalthoughtheamountofthe

to be introduced is different depending on the conc
oftheVOCcontainedintheexhaustgas. Thatis,

the SV valuetobe 10000[1/h]orlessforaVOC co

at the inlet port of 100 ppm (in terms of C1), adju
SVvaluetobe 25000[1/h]orless foraVOC conce
the inlet port of 10 ppm (in terms of C1), and adju
SV value to be 50000 [1/h] or less fora VOC concen
the inlet port of 1 ppm (in terms of C1), 90% or mo
VOC in the supplied exhaust gas is decomposed.

Exanpl es

[0021] Hereinafter, the present invention will be
described in more detail giving Examples and Compar
Examples; however, the present invention is not lim
Examples at all.

(Treatment Apparatus and Treatment Conditions)

Exhaust gases each containing MEK as a VOC in a
concentration of 25 ppm, 2.5 ppm, and 0.25 ppm were
supplied into the packed bed 3 through the flow cha
Further, when each exhaust gas was supplied, adesi
of ozone gas was injected into the flow channel 2 t
with the exhaust gas, thereby performing oxidative
decompositiontreatmentwithozoneinthepackedbe
materialforapackingmaterialpackedinthepacke
previously-describedbasematerialthatismadeof
zeolitebeingaporousbodyandthathasacardboar
was used. Asthe high silica zeolite, an ultra-sta
zeolite (USY) having a SiO
[0022] Further, a packed material using an ultrafin
particulate complex oxide comprising three kinds of
Co, Mn, and Cu as a particulate powder of a transit
metal-containing oxide to be carried onthe base ma
used as Sample-A, and a packed material using ultra
particulateoxideofCoasaparticulatepowderof
metal-containing oxide to be carried onthe base ma
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used as Sample-B. A complex oxide prepared by a we

t

coprecipitation method in the manner as described b elow, the
complexoxide comprisingCo,Mn,and Cuandbeinga nultrafine
particulate powder havingaspecificsurfaceareao f260m ?/g,
was used as the particulate powder of the transitio n
metal-containingoxidetobe carriedonthebase ma terial. In
addition, an oxide of Co prepared by a wet coprecip itation
methodinthe manneras described below, the oxide of Cobeing
anultrafine particulate powderhavingaspecifics urfacearea
0f130m 2/g,wasusedastheparticulatepowderofthetrans ition
metal-containingoxidetobecarriedonthebasema terial. For
comparison, the ultra-stable Y-type zeolite (USY) h aving a
SiO,/Al ,0; ratio of 100 was molded into the same shape as the
above-described base material for Samples-Aand Bt o bedused

as Sample-C being a packing material.

[0023] The particulate powderofthe complexoxide ofCo,
Mn,andCu(compositionofCo:Mn:Cu=0.2:0.7:0.4( molarratio))

usedforSample-Awaspreparedinthemannerasdes cribedbelow.
Firstly, 34.9 parts of copper sulfate, 44 parts of manganese
sulfate,and18.3partsofcobaltsulfatewerediss olvedin300
parts of water for dissolution to prepare an aqueou ssolution

of mixed salts. As a precipitant, 42.6 parts of ca ustic soda
wasdissolvedin 320 parts of water for dissolution toprepare

an aqueous alkaline solution. Subsequently, these agueous
solutions were dropped under stirring into 270 part sof water

for precipitation prepared in advance, and the pH a fter the
dropping was adjusted to 12.5 to prepare a precurso r of the
intendedparticulatepowderofthecomplexoxideof Co,Mn,and
Cu. Inpreparingthe precursor, 24 partsofhydrog enperoxide
dilutedto 35% was addedforacceleratingthe oxida tioninthe
liquidphase. Theobtainedprecursorwaswashedwi thwaterand
dried to be subjected to a heat treatment at 300 °C, thereby
obtaining the intended complex oxide of Co, Mn, Cu. The
obtained complex oxide of Co, Mn, and Cu was an ult rafine
particulate powder having a particle diameter of O. 05 pmand

a specific surface area of 260 m 2/g.
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[0024] The particulate powder ofthe oxide of Cous
Sample-Bwaspreparedinthemannerasdescribedbe

an aqueous solution of cobalt sulfate in which 56.8
cobalt sulfate was dissolved in 100 parts of water
dissolutionwas prepared. Next,anaqueousalkalin

in which 25 parts of soda ash was dissolved as a pr

in 100 parts of water for dissolution was prepared.
Subsequently, these aqueous solutions were dropped
stirringinto 210 parts ofwaterfor precipitation

advance, and the pH after the dropping was adjusted
prepare aprecursoroftheintended oxideofCo. T
precursoroftheoxideofCowasthenwashedwithw
tobesubjectedtoaheattreatmentat300

the intended ultrafine particle of the oxide of Co.
obtained ultrafine particle of the oxide of Co had
diameter of 0.02
[0025] Asthepackedbed3,apackedbedhavingad

of 60 cm and a height of 30 cm was used, and 80 L o

the above-described Samples-A to C each being the p
material4waspackedthereintoconducttests. Sp
theflowchannel6inwhichozone(maximumof500g
bytheozonegeneratorsflowswasconnectedtothe
2toinjectand mix an ozone gas having a concentra
inTable2intoanexhaustgascontainingMEKina

shownin Table 2, the exhaust gas flowing in the fl

2, and the resultant mixed gas was supplied into ea

bed 3 having a different packing material to conduc
decomposition treatment tests. It is to be noted t
superficial velocity of the packed bed is 1 m/sec,

value of the packed bed was 10000 [1/h].

[0026] The exhaustgas afterthe oxidative decompos
by ozone comes out of the packed bed 3 to flow thro
channel 7, and therefore the exhaust gas was collec
branched collection line 8 and analyzed to evaluate
decomposition state. Specifically, the concentrati
reaction products, the concentration of unreacted o
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theconcentrationofunreactedMEKintheexhaustg
decomposition treatment were measured to verify the
effectivenessofthe decompositiontreatmentmethod
tothe presentinvention. InTable 1,thetestapp

range of the test condition, and the types of the p
materials used for the verification are shown toget
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[0028] Tests of oxidative decomposition of MEK in t
exhaustgasesbyozonewere conductedforthevario
constitutiondescribedabove. Inconductingthete

ratio of the amount of a gas at the inlet port/the
thepackedbed(SVvalue[1/hr]),(2)theMEKconce
termsofC1l)andtheozoneconcentrationattheinl

(3) the ratio of the ozone concentration atthe inl

the MEK concentration (in terms of C1) at the inlet

changed as shown in Table 2.
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[0030] MEK in the gases was subjected to oxidative
decomposition by ozone using the apparatus illustra
Figure 1 in which Sample-A, Sample-B, and Sample-C
asthepackingmaterialundertheconditionsonres
attheinletportshowninTable2. Theoxidative
of MEKinthe gases by ozonewas evaluated by the f
ratio of MEK (ratio of MEK concentration at outlet
concentration atinletport), (A), and the flow-thr
of ozone (ratio of ozone concentration at outlet po
concentration at inlet port), (B), after the treatm
Tables 3-aand b, the test results for the systems
Sample-Aand Sample-Brespectivelyasthepackingm
shown, andin Table 3-c, thetestresultsforthe s
Sample-C for comparison as the packing material are
Evaluation was conducted according to the criteria
below,andtheevaluationresultsareshowninTabl
3-b, and Table 3-c.
[0031](Evaluation Criteria)

Excellent: both flow-through ratio of MEK and
flow-through ratio of ozone at outlet port are less

Good: both flow-through ratio of MEK and flow-thro
ratio of ozone at outlet portare 5% ormore and le

Fair: both flow-through ratio of MEK and flow-thro
ratioofozone atoutletportare 25% ormoreand|

Poor: both flow-through ratio of MEK and flow-thro
ratio of ozone at outlet port are 50% or more
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[0035]
subjecting respective MEK-containing gases to oxida

As shown in Table 3-a describing the results

decomposition by ozone using Sample-A being the pac

material in which the ultrafine particulate powder

complex oxide having a specific surface area of 260

comprising Co, Mn, and Cu, and being prepared by th

coprecipitationmethodiscarried,andinTable 3-b

the results of subjecting respective MEK-containing

oxidative decomposition by ozone using Sample-B bei

packing material in which the ultrafine particle of

of Co having a specific surface area of 130 m

prepared by the coprecipitation method is carried,

the cases, the flow-through ratio of MEK (ratio of

concentrationatoutletport/MEK concentration ati

and the flow-through ratio of ozone (ratio of ozone

concentrationatoutletport/ozoneconcentrationat

afterthetreatmentareoutstandinglysmallerthan

casesshowninTable3,whereinSample-Cinwhicha

isnotcarriedwasusedasthepackingmaterial,an

thatefficientoxidativedecompositionbyozonewas

andthusaremarkable effectbroughtaboutbythec

according to the present invention was ascertained.

Hereinafter,descriptionwillbemadeontheremark

in detail.

[0036](Dependence on Amount of Gas at Inlet Port)
As shownin the test conditions 1 to 5, when the a

ofthe gas atthe inlet portis changed from 5000 m

m*N/h theSVWvalueisloweredtoabout60000toabou

Inthiscase, the flow-throughratioof MEKwas dec

36%tol.2%inthesystemwhereSample-Awasuseda

materialasshowninTable 3-a. Inaddition,thef

ratio of MEK was changed from 43% to 1.4% in the sy

Sample-Bwasusedasthepackingmaterialasshown

Incontrast,inthecasesofSample-Cinwhichthe

Y type zeolite carrying nothing thereon was used, t

flow-throughratioofMEKwaschangedfrom64.8%to
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inTable3-c. Fromtheseresults,itwasfoundtha tthesystem

where the packing material (Sample-A) in which the ultrafine
particle of the complex oxide comprising Co, Mn, an dCuis
carried was used exhibits the most excellent decomp osition
performance, and is followed by the system where th e packing
material(Sample-B)inwhichtheultrafineparticle oftheoxide

of Coiscarriedwasused, butincontrast, the per formance of
theUSY (Sample-C)wasconsiderablylowerthanthat ofSample-A

and of Sample-B.
[0037](Dependence on Amount of Ozone Injected)

The tests were conducted changing the amount of oz one
injected between 0.27 and 0.17 kg/h so that the rat io of the
ozoneconcentrationattheinletport/theMEK conce ntrationat
theinlet port(interms of C1) was changed between 1.3t00.8
as shown in the test conditions 6 to 9. As a resul t, the
flow-through ratio of MEK was increased from 4% to 20% for
Sample-AasshowninTable3-aandfrom4.8%t024% forSample-B.
Fromtheseresults,itwasascertainedthatitise ffectiveto
adjust the amount of ozone injected so that the rat io of the
ozoneconcentrationattheinletport/theMEK conce ntrationat
the inlet port (in terms of C1) is kept to be prefe rably 0.9,
more preferably 1.0 although the effect is obtained when the
ratio exceeds 0.8, and that the flow-through ratio of MEK of
5% or less can be achieved by the injection of ozon e that
satisfies the ratio of the ozone concentration at t he inlet
port/theMEK concentrationattheinletport(inte rmsofCl) =1
according to the MEK concentration in terms of C1. The
performance ofdecomposing MEK hereinwasalsoint he order of
Sample-A, Sample-B, and Sample-C with Sample-A bein g the
highest,andinthesystemwhereSample-Cwasused asthepacking
material, the flow-through ratio of MEK could not b e reduced
to 10% or less even when the ratio of the ozone con centration
attheinlet port/the MEK concentration at the inle tport(in
terms of C1) was made to be 1.0, or further, 1.3 as shown in
Table3-c. Fromtheseresults,theremarkableadva ntageofthe
performance of decomposing VOC or the like by ozone ,Whichis

25



brought about by carrying the particulate powder of

transitionmetal-containingoxideonthebasemater

the high silicaadsorbent specified inthe present

was ascertained.

[0038](Dependence on MEK Concentration)
Theflowrate attheinletportwas adjusted by ch

theMEKconcentrationattheinletport(intermso

100 ppm and 1 ppm as shown in the test conditions 1

that the flow-through ratio of MEK achieved 5% or |

Sample-Aistakenasanexample,theflowrateatt

which can secure a flow-through ratio of MEK of 5%

the
ialmade of
invention,

anging

fC1)between

Oto1l2so
ess. When

heinletport

orlessis

about1000m 3N/h (SV 10000) atan MEK concentration of 100 ppm

as shownin Table 3-a. When the MEK concentration
to 10 ppm herein, the flowrate thatcansecure af
ratioof MEK of 5% orless becomes about 2500 m
[1/hr]),andwhentheMEKconcentrationislppm,a
ratio of MEK of 5% or less can be achieved even if
ofthegasattheinletportis 5000 m

As can be understood from this, when the MEK concen
theinlet portis reduced, the performance of decom

can be achieved atalarger SV value (smaller packe

As shown in Table 3-b, in the case where the packin
inwhich Sample-Biscarriedwas used, the performa
about as good as that in the case where Sample-Awa
also exhibited although the performance of Sample-B
slightlyinferiortotheperformanceofSample-A.

as shown in Table 3-c, in the system where Sample-C
as the packing material, the flow-through ratio of

not be made to be 10% or less, to say nothing of 5%
Fromtheseresults,theremarkableadvantageofthe

of decomposing MEK, which is brought about by carry
particulatepowderofthetransitionmetal-containi

the base material made of the high silica adsorbent

in the present invention, was ascertained.
[0039](Versatility to Types of VOCS)
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The amount of the gas at the inlet port was set at
meN/h, the SV value was set at 12000 [1/h], the parti
powder of the complex oxide comprising Co, Mn, and
exhibitedthebestperformanceofdecompositionby
previous treatment of MEK, was used as the particul
of atransition metal-containing oxide, and Sample-
the particulate powder is carried was used as the p
material. Oxidative decomposition tests with ozone
conducted by setting the ratio of the injected ozon
concentration/the VOC concentration (in terms of C1
and changingthe VOC as an object ofthe treatment
the substances (1) to (9) described below. The gas
concentration of each VOC substance is expressed in
C1,andeachvalueintheparenthesisdenotesthec
of a gas used.

[0040](1) 100 ppm of ethyl acetate (in terms of C1)
of ethyl acetate was used)

(2) 100 ppm of cyclohexanone (in terms of C1), (16.
cyclohexanone was used)

(3) 100 ppm of toluene (interms of C1), (14.3 ppm
was used)

(4) 100 ppm of styrene (interms of C1), (12.5 ppm
was used)
(5)100ppmofxylene(intermsofC1),(12.5ppmo
used)

(6) 100 ppm of acetaldehyde (in terms of C1), (50 p
acetaldehyde was used.

(7) 50 ppm of propionaldehyde (in terms of C1), (16
propionaldehyde was used)

(8) 50 ppm of propionic acid (in terms of C1), (16.
propionic acid was used)

(9) 150 ppmof aceticacid (interms of C1), (75 pp

acid was used)

[0041] Withrespecttotheresultsoftheabove-des
tests, the flow-through ratio of each component (ra
concentration at outlet port/concentration at inlet
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eachcomponent)wasasfollowstofindthatagood
performancewasexhibitedforanyofthecomponents
with respect to the results of the tests, the obtai
flow-through ratio of each component was (1) 3% for
acetate, (2) 6% for cyclohexanone, (3) 8% for tolue
for styrene, (5) 5% for xylene, (6) 15% for acetald
10%for propionaldehyde, (8) 4%for propionicacid,
for acetic acid.
[0042](ApplicationtoGas-PhaselnorganicReducing
The amount of the gas at the inlet port was set at
meN/h, the SV value was set at 12,000 [1/h], the part
powder of the complex oxide comprising Co, Mn, and
exhibitedthebestperformanceofdecompositionby
previous treatment of MEK, was used as the particul
of atransition metal-containing oxide, and Sample-
the particulate powder is carried was used as the p
material. Oxidative decomposition tests with ozone
conducted by further setting the ratio of the injec
concentration/the gas-phase inorganic reducing comp
concentration at 2, and changing the object of the
to the malodorous substances (11) to (15) described
[0043] The components as objects of the treatment w
changed to (11) 100 ppm of ammonia, (12) 10 ppm of
mercaptan, (13) 100 ppm of trimethylamine, (14) 10
hydrogen sulfide, and (15) 10 ppm of carbon monoxid
oxidative decompositiontreatmentwith ozonewas pe
these components. All the numerical values are exp
terms of C1. With respectto the results of these
obtained flow-through ratio of each component obtai
follows to find that a good decomposition performan
exhibited forany ofthe components. Thatis,with
theresultsoftheoxidativedecompositiontreatmen
obtained flow-through ratio of each component was 0
ammonia (11), 1% for methyl mercaptan (12), 6% for
trimethylamine (13), 1% for hydrogen sulfide (14),
carbon monoxide (15) to find that an extremely good
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decomposition performance was exhibited for any of
components. The above-described results show that
treatment efficiency that has never been achieved b
conventional techniques can be realized even for th
above-described malodorous components, which are re
compounds to ozone, by applying the method accordin
present invention.

I ndustrial Applicability

[0044] Accordingtothemethodforperforminganox
decomposition treatment with ozone of the present i
eveninthe case where components such as ethylene,
andterpenetobeahindrancefactorinperforming

of volatile organic compounds (VOCSs) for which the
regulationisbeingstrengthenedbyAirPollutionC

a treatment of malodorous components for which the
regulationisbeingstrengthenedbyOffensiveOdor

and further, keeping freshness of agricultural crop
contained in low concentrations in a high-flow rate
oxidative decomposition treatment with ozone on the
components in the gas can be performed efficiently,
amount of ozone to be used can be reduced, so that
application of the method for performing oxidative
decompositiontreatmentwithozoneofthepresenti

be expected.

Ref erence Si gns Li st

[0045]1: Exhaust gas

: Flow channel for exhaust gas

: Packed bed (adsorption bed)

: Packing material

: Ozone generator

: Flow channel for ozone

: Flow channel for gas after treatment
: Collection line

0 N O Ol A W N
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CLAI M5

[1] A method for performing an oxidative decomposit ion
treatment with ozone on a VOC and/or a gas-phase in organic
reducing compound in a gas, the method comprising

adding/mixing an ozone gas into a gas comprising a S
components being objects of the treatment a VOC and /or a
gas-phase inorganic reducing compound, and then

bringingaresultantmixedgasintocontactwitha packing
materialcomprisingasabasematerialahighsilic aadsorbent
co-adsorbingthe componentsbeingthe objectsofth etreatment
andozonetoperformdecompositiontreatmentonthe VOCand/or
the gas-phase inorganic reducing compound through o zone
oxidation,whereinthepackingmaterialisobtained bycarrying
a particulate powder of a transition metal-containi ng oxide
havingaBET specificsurfaceareaof80m 2ormoreonthebase
material.
[2] The method for performing an oxidative decompos ition
treatment with ozone on a VOC and/or a gas-phase in organic
reducing compound in a gas according to claim 1, wh erein the
transition metal-containing oxide is an oxide of at leastone

selectedfromthegroupconsistingofCo,Mn,andC

oxide of two or more selected fromthe group consis

Mn, and Cu.

[3] The method for performing an oxidative decompos
treatment with ozone on a VOC and/or a gas-phase in
reducing compound in a gas according to claim 1, wh
transitionmetal-containingoxideisacomplexoxid

and Cu, or an oxide of Co.

[4] The method for performing an oxidative decompos
treatment with ozone on a VOC and/or a gas-phase in
reducing compound inagas accordingto any one of

3, wherein the particulate powder of the transition
metal-containing oxide isformed usingaprecipitat
throughcoprecipitationperformedbymixinganaque

of a salt of at least one metal selected from Co, M
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oramixedaqueoussolutionoftwoormoremetalsa
ofwhichareselectedfromCo,Mn,andCuwithana

solution.

[5] The method for performing an oxidative decompos
treatment with ozone on a VOC and/or a gas-phase in
reducing compound inagas accordingto any one of

4, wherein when an exhaust gas comprising the VOC a
gas-phaseinorganicreducing compoundisbroughtin

with ozone, a concentration ratio of a concentratio

injected into the exhaust gas to a concentration of
and/orthe gas-phase inorganic reducing compound (i

C1) in the exhaust gas is constituted to exceed 0.8

[6] The method for performing an oxidative decompos
treatment with ozone on a VOC and/or a gas-phase in
reducing compound inagas accordingto any one of

5, wherein the BET specific surface area is 100 m

[7] The method for performing an oxidative decompos
treatment with ozone on a VOC and/or a gas-phase in
reducing compound inagas according to any one of

6, wherein the high silica adsorbent comprises any
selected from the group consisting of a high silica
zeolite,adealuminized faujasite,andamesoporous

[8] The method for performing an oxidative decompos
treatment with ozone on a VOC and/or a gas-phase in
reducing compound inagas according to any one of

7, wherein the VOC and/or the gas-phase inorganic r
compoundisatleastoneselectedfromthegroupco
ammonia, methyl mercaptan, hydrogen sulfide, methyl
trimethylamine, acetaldehyde, propionaldehyde, norm
butyraldehyde, isobutyraldehyde, normal valeraldehy
isovaleraldehyde, isobutanol, ethyl acetate, methyl
ketone, toluene, styrene, xylene, cyclohexanone, pr
acid,normalbutyricacid,normalvalericacid,iso

and carbon monoxide.
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