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DESCRIPTION 

 

Title of Invention 

OZONE OXIDATIVE DECOMPOSITION TREATMENT METHOD FOR VOCS AND/OR 

GASEOUS INORGANIC REDUCING COMPOUNDS IN GAS 

 

Technical 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 

regulation is being strengthened by Air Pollution C ontrol Act, 

a treatment of malodorous components for which the emission 

regulation is being strengthened by Offensive Odor Control Act, 

and a removal of various components, such as ethyle ne, aldehyde, 

and terpene, which are mixed in a gas inside of a p reservation 

warehouse for agricultural crops, the removal being  desired for 

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 a m alodorous 

component in a highly efficient manner by outstandi ngly 

accelerating an oxidation reaction of the VOC by oz one in the 

case where these VOCs, malodorous components, and t he 

above-described various components are subjected to  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 

this method, the VOCs contained in an exhaust gas a re supplied 

into an adsorption bed packed with a high silica ze olite to be 

adsorbed and removed, a high-temperature hot blast is supplied 
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into the adsorption bed of the high silica zeolite to which the 

VOCs are adsorbed to detach the VOCs at a high temp erature, the 

VOCs are concentrated by volume reduction, and the 

detached/concentrated VOCs are subjected to oxidati ve 

decomposition through catalytic combustion.  In add ition, the 

treatments that are expected to be wide-spread in t he future 

include a Packed Bed Plasma VOC Treatment, which is  proposed 

by U.S. Environmental Agency, in which life-prolong ing 

discharge is performed at a surface of a ferroelect ric substance 

in a packed bed packed with the ferroelectric subst ance (such 

as barium titanate), and a VOC-containing gas is th en supplied 

into the packed bed to perform oxidative decomposit ion.  These 

methods show constant performance in the treatments  of the VOCs, 

but in the method of honeycomb rotor + catalytic co mbustion, 

there is a limit to cost reduction due to the compl exity of 

apparatuses and the complexity of operations, and i n the Packed 

Bed Plasma VOC Treatment, there is a limit to the V OC removal 

rate, so that there is concern that these methods w ill not be 

able to conform to the emission regulations for the  VOCs and 

malodorous components in the future. 

[0003] On the other hand, performing oxidative 

decomposition of the VOCs through homogeneous gas p hase 

reaction by adding an ozone gas to a gas containing  

contamination components such as the VOCs and the m alodorous 

components (hereinafter, description will be made t aking the 

VOCs as a representative example) is also possible.   However, 

such oxidative decomposition has not been put into practical 

use yet because the ozone oxidation reaction of the  VOCs in low 

concentrations is slow; the treatment of unreacted ozone is 

complex; and the production cost of ozone that is u sed as an 

oxidizing agent is expensive.  In addition, there i s proposed 

a method in which a high silica adsorbent co-adsorb ing the VOCs 

and ozone is used as a packing material for improvi ng the 

reaction efficiency in the ozone oxidation, thereby  achieving 

enhancement of efficiency in the oxidation reaction  of the VOCs 

by ozone in a crystal of the high silica adsorbent which has 
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co-adsorbed the VOCs and ozone (see Patent Literatu res 1 and 

2, and the like). 

 

Citation List 

Patent Literature 

[0004]Patent Literature 1: Japanese Patent No. 3382 854 

Patent Literature 2: Japanese Patent No. 3382857 

 

Summary of Invention 

Technical Problem 

[0005] However, according to the method proposed in  Patent 

Literatures 1 and 2, and the like, the enhancement of efficiency 

in the ozone reaction of the VOCs is realized, but further 

enhancement of efficiency is required for putting t he method 

into practical use.  Further, in the conventional m ethods, 

there is a risk that the oxidative decomposition re action of 

the VOCs is terminated in the middle of the reactio n to produce 

an organic acid resulting in an odorous component, and in that 

case, there is also a problem that this organic aci d accumulates 

on the zeolite crystal to lower the reaction rate o f the ozone 

oxidation reaction, and therefore improvements for performing 

the oxidative decomposition of the VOCs by ozone fu rther 

efficiently and sufficiently are desired. 

[0006] Accordingly, an object of the present invent ion is 

to provide a method for performing decomposition tr eatment on 

a VOC and/or a gas-phase inorganic reducing compoun d in a gas 

through ozone oxidation, by which further enhanceme nt of 

efficiency in oxidative decomposition reaction by o zone is 

achieved, decomposition treatment can be performed efficiently 

on a substance as an object of the treatment, such as the VOC, 

even in a high-flow rate exhaust gas containing the  VOC and the 

like in low concentrations, and the amount of ozone  to be used 

can be reduced in a method for performing an oxidat ive 

decomposition treatment with ozone using the above- described 

high silica adsorbent as a packing material to co-a dsorb a 
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substance as an object of the treatment, such as th e VOC, and 

ozone. 

 

Solution to Problem 

[0007] The above-described object is achieved by th e 

present invention.  That is, the present invention provides a 

method for performing an oxidative decomposition tr eatment with 

ozone on a VOC and/or a gas-phase inorganic reducin g compound 

in a gas, the method comprising adding/mixing an oz one gas into 

a gas comprising as components being objects of the  treatment 

a VOC and/or a gas-phase inorganic reducing compoun d, and then 

bringing a resultant mixed gas into contact with a packing 

material comprising as a base material a high silic a adsorbent 

co-adsorbing the components being the objects of th e treatment 

and ozone to perform decomposition treatment on the  VOC and/or 

the gas-phase inorganic reducing compound through o zone 

oxidation, wherein the packing material is obtained  by carrying 

a particulate powder of a transition metal-containi ng oxide 

having a BET specific surface area of 80 m 2 or more on the base 

material. 

[0008] Preferred embodiments of the method for perf orming 

an oxidative decomposition treatment with ozone on a VOC and/or 

a gas-phase inorganic reducing compound in a gas ac cording to 

the present invention include the following.  The t ransition 

metal-containing oxide is an oxide of at least one selected from 

the group consisting of Co, Mn, and Cu, or a comple x oxide of 

two or more selected from the group consisting of C o, Mn, and 

Cu; the transition metal-containing oxide is a comp lex oxide 

of Co, Mn, and Cu, or an oxide of Co; the particula te powder 

of the transition metal-containing oxide is formed using a 

precipitate obtained through coprecipitation perfor med by 

mixing an aqueous solution of a salt of at least on e metal 

selected from Co, Mn, and Cu, or a mixed aqueous so lution of 

two or more metal salts the metals of which are sel ected from 

Co, Mn, and Cu with an aqueous alkaline solution; w hen an exhaust 

gas comprising the VOC and/or the gas-phase inorgan ic reducing 



 

 

5 

 

compound is brought into contact with ozone, a conc entration 

ratio of a concentration of ozone injected into the  exhaust gas 

to a concentration of the VOC and/or the gas-phase inorganic 

reducing compound (in terms of C1) in the exhaust g as is 

constituted to exceed 0.8; the BET specific surface  area is 100 

m2 or more; the high silica adsorbent comprises any m aterial 

selected from the group consisting of a high silica  pentasil 

zeolite, a dealuminized faujasite, and a mesoporous  silicate; 

and the VOC and/or the gas-phase inorganic reducing  compound 

is at least one selected from the group consisting of ammonia, 

methyl mercaptan, hydrogen sulfide, methyl sulfide,  

trimethylamine, acetaldehyde, propionaldehyde, norm al 

butyraldehyde, isobutyraldehyde, normal valeraldehy de, 

isovaleraldehyde, isobutanol, ethyl acetate, methyl  isobutyl 

ketone, toluene, styrene, xylene, cyclohexanone, pr opionic 

acid, normal butyric acid, normal valeric acid, iso valeric acid, 

and carbon monoxide. 

 

Advantageous Effects of Invention 

[0009] The present inventors have obtained new find ings 

described below in conducting an ozone-VOC oxidatio n reaction 

in a gas phase, and have thereby completed the pres ent invention.  

The present inventors have found that when an adsor bent being 

a porous body comprising a high silica zeolite or t he like 

co-adsorbing a VOC component as an object of treatm ent and ozone, 

the porous body being used in conventional techniqu es, is used 

as a base material; and a particulate powder of a t ransition 

metal-containing oxide having a BET specific surfac e area of 

80 m 2 or more is carried on the base material to use as a packing 

material in the reaction system, the ozone gas inje cted into 

a gas as an object of the treatment and VOCs and th e like in 

the gas come into contact, so that the VOCs are oxi dized by ozone 

in a highly efficient manner in a state where the V OCs and ozone 

are co-adsorbed to the packing material, and on the  other hand, 

unreacted ozone that has not been used in the oxida tion reaction 

is surely converted into oxygen. 
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[0010] It has been ascertained that according to th e method 

for performing an oxidative decomposition treatment  with ozone 

of the present invention having the above-described  

constitution, the oxidation reaction rate reaches a t a level 

about 10 to about 100 times faster than conventiona l gas-phase 

oxidative decomposition reactions by ozone in a sys tem where 

the oxidative decomposition treatment with ozone is  performed 

after a component as an object of the treatment and  ozone are 

co-adsorbed, and the VOCs and the like are oxidized  by ozone 

in a highly efficient manner.  It is considered tha t this is 

brought about by the reason described below.  First ly, the ozone 

gas in a gas phase frequently decomposes without co ntributing 

to oxidative decomposition due to collision with a third 

substance other than the VOC components in the gas phase, and 

therefore the efficiency in the decomposition of th e VOCs does 

not become so high.  On the other hand, it is infer red that, 

in the oxidation reaction between ozone and the VOC  components 

in a porous packing material capable of co-adsorbin g ozone and 

the VOCs, the porous packing material constituting the present 

invention, a fine particle of a transition metal-co ntaining 

oxide having a high BET specific surface area, as h igh as 80 

m2 or more, the fine particle characterizing the pres ent 

invention, exists and gets into an oxidation state by ozone, 

and the VOCs, when diffused to reach the fine parti cle, reduce 

the transition metal in the oxidation state, that i s, the VOCs 

are oxidized to make the oxidation-reduction reacti on progress, 

so that a high efficiency in the decomposition trea tment can 

be achieved.  Further, the amount of ozone to be co nsumed for 

this efficient oxidation of the VOCs by ozone is gr eatly reduced 

when compared to the above-described gas-phase reac tions 

between ozone and the VOCs in the conventional tech niques, and 

a remarkable increase in the reaction rate is achie ved.  These 

are not disclosed at all in the findings on the ozo ne oxidation 

reaction of contamination components in the convent ional 

techniques.  According to studies conducted by the present 

inventors, the amount of ozone required in the oxid ative 
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decomposition treatment with ozone for the VOCs and  the 

malodorous substances in an exhaust gas or the like  can be 

reduced greatly by constituting the oxidative decom position 

treatment with ozone as described above.  As a resu lt, the 

above-described oxidation reaction by ozone is acce lerated, and 

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

be reduced, and further, the amount of unreacted oz one can be 

reduced, so that the above-described constitution c an greatly 

contribute to putting the oxidative decomposition t reatment 

with ozone into practical use. 

 

Brief Description of Drawings 

[0011][Figure 1] Figure 1 shows a schematic diagram  

illustrating a flow of one embodiment for carrying out a method 

according to the present invention. 

 

Description of Embodiments 

[0012] The present invention will be described in d etail 

giving preferred embodiments according to the prese nt invention.  

Figure 1 shows a schematic outline diagram of one e mbodiment 

for carrying out a method according to the present invention.  

The present invention will be described in detail w ith reference 

to this figure.  As one example, an oxidative decom position 

treatment with ozone is performed with an apparatus  in Figure 

1 using an exhaust gas containing MEK (methyl ethyl  ketone) as 

a VOC.  This exhaust gas 1 is supplied into a packe d bed 3 through 

a flow channel 2 illustrated in Figure 1 to perform  the treatment, 

wherein the packed bed 3 is packed with a porous bo dy comprising: 

as a base material a high silica adsorbent co-adsor bing MEK and 

ozone, the high silica adsorbent being a porous bod y; and a 

particulate powder of a transition metal-containing  oxide 

having a BET specific surface area  of 80 m 2 or more, the 

particulate powder carried on the base material (he reinafter, 

also referred to as “transition metal fine particle -carrying 

porous body” or “porous body”).  In this test, an u ltrafine 

particulate complex oxide comprising three kinds of  metals of 
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Co, Mn, and Cu; and an ultrafine particulate oxide of Co are 

used as the particulate powder of a transition meta l-containing 

oxide.  In the present invention, regardless of wha t is 

described above, another oxide of at least one sele cted from 

the group consisting of Co, Mn, and Cu, or another complex oxide 

of two or more selected from the group consisting o f Co, Mn, 

and Cu can be used as the transition metal-containi ng oxide. 

[0013] The above-described transition metal-contain ing, 

ultrafine particle-shaped oxide to be utilized suit ably in the 

present invention is preferably prepared by the wet  

coprecipitation method described below.  For exampl e, the 

ultrafine particle-shaped complex oxide comprising three kinds 

of metals of Co, Mn, and Cu can be obtained easily in the manner 

as described below.  Firstly, an aqueous solution o f a salt of 

Co, of a salt of Mn, and of a salt of Cu, and an aq ueous solution 

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, and is then subjected to a heat treatment in  a range of 

100 to 500 °C to obtain the intended ultrafine particulate oxid e 

containing Co, Mn, and Cu.  The particle diameter o f the fine 

particle thus obtained is extremely small, as small  as about 

0.02 to about 0.1 µm, and the BET specific surface area thereof 

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

[0014] As the salt of each metal to be used in this  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 , a range 

of 40 mol% or less for Co, a range of 30 to 70 mol%  for Mn, and 

a range of 25 to 45 mol% for Cu are suitable in ter ms of a molar 

ratio relative to the total moles of respective met als.  In 

addition, with respect to the concentration of the aqueous 

solution of each metal salt, a range of approximate ly 5 to 
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approximately 50% by mass is suitable.  According t o the studies 

conducted by the present inventors, with respect to  the 

precipitation condition, when the precipitation pH is adjusted 

in a pH range where the transition metals precipita te, a fine 

precipitate can be deposited.  The pH may be adjust ed in a range 

of a pH of approximately 5 to approximately 14, sui tably in a 

range of a pH of 9 to 13.  The shape of the obtaine d precipitate 

is close to an amorphous shape, but a heat treatmen t is needed 

in order to make the properties more stable, and th e heat 

treatment may preferably be performed in a range of  100 to 500 °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, ultrafine particulate oxide speci fied in the 

present invention cannot be obtained.  When the BET  specific 

surface area of the transition metal-containing, ul trafine 

particulate oxide to be carried is less than 80 m 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 

containing Co can be prepared by the wet coprecipit ation method 

basically in the same manner as described above.  T hat is, an 

aqueous solution of a salt of a metal of Co and an aqueous 

alkaline solution each prepared in advance are drop ped into an 

aqueous medium to obtain a precipitate of a metal o f Co, and 

the obtained precipitate is subjected to filtration , washed 

with water, dried, and then subjected to a heat tre atment, and 

thus the intended ultrafine particulate oxide conta ining Co can 

be obtained.  In this case, the heat treatment is p erformed by 

setting the heat treatment temperature in a range o f 300 to 800 °C, 

preferably in a range of 400 to 700 °C. 

[0016] The above-described powder of a transition 

metal-containing oxide for use in the present inven tion can also 

be produced by dry-mixing oxides, carbonates, basic  carbonates, 
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and oxalates of respective metals in combination, a nd then 

firing the resultant mixture when the BET specific surface area 

of the transition metal-containing oxide is not tak en into 

consideration.  However, the mixed raw material of the oxides 

and the like of the respective metals has a large p rimary 

particle diameter, so that the particle diameter of  a powder 

obtained by performing firing after the dry-mixing is limited 

to sub-micron meters at the smallest, and the powde r having a 

particle diameter of sub-micron meters or less cann ot be 

produced.  Therefore, the powder has a specific sur face area 

of about several m 2 and has a small number of adsorption sites, 

so that an ultrafine particulate powder of a transi tion 

metal-containing oxide having a BET specific surfac e area of 

80 m 2 or more specified in the present invention cannot be 

produced.  In contrast, the powder obtained by the 

above-described wet process is, for example, an ult rafine 

particle having an average particle diameter of 0.0 2 to 0.1 µm 

or having an average particle diameter of about 0.0 5 µm, and, 

according to circumstances, a sample having a speci fic surface 

area of exceeding 100 m 2, or further, exceeding 200 m 2 can be 

made by the above-described wet process, and theref ore the 

powder obtained by the above-described wet process is extremely 

useful for adsorbing and removing the VOC in an exh aust gas, 

which is the object of the present invention.  The present 

inventors consider that the reason is as follows; n amely, when 

the VOC or the like being the object of the treatme nt and ozone 

are introduced in a packing material, the transitio n metal fine 

particle gets into an oxidation state by ozone, and  the VOC, 

when diffused to reach the transition metal fine pa rticle, 

reduces the transition metal in the oxidation state  to be 

oxidized.  Since the transition metal fine particle  has a large 

specific surface area, the above-described 

oxidation-reduction reaction progresses actively, a nd as a 

result, the adsorption and removal of the VOC in th e exhaust 

gas have been performed in a highly efficient manne r. 
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[0017] The method of carrying the fine particulate powder 

of a transition metal-containing oxide obtained in the manner 

as described above on the base material being a hig h silica 

adsorbent being a porous body co-adsorbing the VOC component 

as an object of treatment and ozone is preferably p erformed in 

the manner as described below.  It is preferably th at using as 

a base material the high silica adsorbent co-adsorb ing a 

component as an object of treatment and ozone, a sl urry 

containing an ultrafine powder of the transition me tal oxide 

as described above be applied on the surface of the  base material, 

the applied slurry on the base material be then dri ed and fired 

to prepare a molded body molded into a monolith acc ording to 

the shape of a bed to be packed, and the molded bod y be used 

as the packing material.  The concentration of the slurry is 

not particularly limited and may be, for example, a bout 10% by 

mass.  The temperature during drying and firing is 100 to 300 °C, 

preferably, for example, about 250 °C.  Examples of the base 

material include a base material that is molded wit h 

aluminosilicate comprising as main components Si, A l, and an 

oxygen atom; that is made of a high silica zeolite being a porous 

body; and that has a cardboard structure which is o btained, for 

example, by laminating flat plates and a corrugated  plate 

alternatingly, and which has an interval between th e flat plates 

of 2 mm, an interval between tops of the corrugated  plate of 

2 mm, and a plate thickness of 0.2 mm.  By making t he shape of 

the base material in this way, the chances of the 

previously-described oxidation-reduction reaction a re greatly 

increased, so that the adsorption and removal of th e VOC in an 

exhaust gas is performed in a more highly efficient  manner. 

[0018] As the high silica zeolite base material bei ng used 

above and co-adsorbing the component as an object o f treatment 

and ozone, both the high silica zeolite base materi als described 

in Japanese Patent No. 3377733 and described in Jap anese Patent 

No. 3382854 can be used.  Specific examples of the high silica 

zeolite base material include a high silica zeolite  base 

material comprising a high silica pentasil zeolite,  a 
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dealuminized faujasite, and a mesoporous silicate a nd having 

a cardboard structure as described above. 

[0019] In the method for performing an oxidative 

decomposition treatment method with ozone on a VOC and/or a 

gas-phase inorganic reducing compound according to the present 

invention, a packing material 4 obtained by carryin g the 

particulate powder of a transition metal-containing  oxide 

prepared in the manner as described above on the ba se material 

being a porous body comprising a high silica adsorb ent is packed 

in a bed 3 to be packed, the bed illustrated in Fig ure 1, 

(hereinafter, referred to as packed bed) to perform  an oxidative 

decomposition of the VOC and the like by ozone in t he manner 

as described below. 

[0020] Numerical reference 1 in Figure 1 denotes an  

introduction port for a gas, such as an exhaust gas  containing 

the VOC or the like, which is an object of treatmen t, and 

numerical reference 2 in Figure 1 denotes a flow ch annel for 

the exhaust gas.  As illustrated in Figure 1, in th e flow channel 

2 for the exhaust gas, an ozone gas is injected fro m an ozone 

generator 5 into the exhaust gas through a flow cha nnel 6 for 

ozone to mix the exhaust gas and the ozone gas.  Su bsequently, 

this mixed gas is introduced into the packed bed 3,  and the 

oxidative decomposition treatment with ozone is per formed on 

the packing material 4 which is packed.  In this ca se, the mixed 

gas to be introduced into the packed bed 3 is prefe rably made 

to satisfy a ratio of an ozone concentration at an inlet port 

to the packed bed/a VOC concentration (in terms of C1) at the 

inlet port of exceeding 0.8.  Further, the ratio of  0.9 to 1.3 

is sufficient, and, for example, when the ratio is about 1.0, 

the decomposition can be performed sufficiently and  efficiently.  

According to the studies conducted by the present i nventors, 

it has been found that by adjusting the amount of t he exhaust 

gas to be introduced for performing the treatment, for example, 

in the manner as described below when specified by an SV value 

(flow rate of gas to be treated per 1 m 3 of packed bed [m 3N/h], 

in units of [1/h]), a high capability of decomposin g the VOC 
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is obtained in any cases although the amount of the  exhaust gas 

to be introduced is different depending on the conc entration 

of the VOC contained in the exhaust gas.  That is, by adjusting 

the SV value to be 10000 [1/h] or less for a VOC co ncentration 

at the inlet port of 100 ppm (in terms of C1), adju sting the 

SV value to be 25000 [1/h] or less  for a VOC conce ntration at 

the inlet port of 10 ppm (in terms of C1), and adju sting the 

SV value to be 50000 [1/h] or less for a VOC concen tration at 

the inlet port of 1 ppm (in terms of C1), 90% or mo re of the 

VOC in the supplied exhaust gas is decomposed. 

 

Examples 

[0021] Hereinafter, the present invention will be 

described in more detail giving Examples and Compar ative 

Examples; however, the present invention is not lim ited by 

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  used and 

supplied into the packed bed 3 through the flow cha nnel 2.  

Further, when each exhaust gas was supplied, a desi red amount 

of ozone gas was injected into the flow channel 2 t o be mixed 

with the exhaust gas, thereby performing oxidative 

decomposition treatment with ozone in the packed be d.  As a base 

material for a packing material packed in the packe d bed 3, the 

previously-described base material that is made of a high silica 

zeolite being a porous body and that has a cardboar d structure 

was used.  As the high silica zeolite, an ultra-sta ble Y-type 

zeolite (USY) having a SiO 2/Al 2O3 ratio of 100 was used. 

[0022] Further, a packed material using an ultrafin e 

particulate complex oxide comprising three kinds of  metals of 

Co, Mn, and Cu as a particulate powder of a transit ion 

metal-containing oxide to be carried on the base ma terial was 

used as Sample-A, and a packed material using ultra fine 

particulate oxide of Co as a particulate powder of a transition 

metal-containing oxide to be carried on the base ma terial was 
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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 

complex oxide comprising Co, Mn, and Cu and being a n ultrafine 

particulate powder having a specific surface area o f 260 m 2/g, 

was used as the particulate powder of the transitio n 

metal-containing oxide to be carried on the base ma terial.  In 

addition, an oxide of Co prepared by a wet coprecip itation 

method in the manner as described below, the oxide of Co being 

an ultrafine particulate powder having a specific s urface area 

of 130 m 2/g, was used as the particulate powder of the trans ition 

metal-containing oxide to be carried on the base ma terial.  For 

comparison, the ultra-stable Y-type zeolite (USY) h aving a 

SiO 2/Al 2O3 ratio of 100 was molded into the same shape as the  

above-described base material for Samples-A and B t o bed used 

as Sample-C being a packing material. 

[0023] The particulate powder of the complex oxide of Co, 

Mn, and Cu (composition of Co:Mn:Cu = 0.2:0.7:0.4 ( molar ratio)) 

used for Sample-A was prepared in the manner as des cribed below.  

Firstly, 34.9 parts of copper sulfate, 44 parts of manganese 

sulfate, and 18.3 parts of cobalt sulfate were diss olved in 300 

parts of water for dissolution to prepare an aqueou s solution 

of mixed salts.  As a precipitant, 42.6 parts of ca ustic soda 

was dissolved in 320 parts of water for dissolution  to prepare 

an aqueous alkaline solution.  Subsequently, these aqueous 

solutions were dropped under stirring into 270 part s of 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 

intended particulate powder of the complex oxide of  Co, Mn, and 

Cu.  In preparing the precursor, 24 parts of hydrog en peroxide 

diluted to 35% was added for accelerating the oxida tion in the 

liquid phase.  The obtained precursor was washed wi th water and 

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 0. 05 µm and 

a specific surface area of 260 m 2/g. 
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[0024] The particulate powder of the oxide of Co us ed for 

Sample-B was prepared in the manner as described be low.  Firstly, 

an aqueous solution of cobalt sulfate in which 56.8  parts of 

cobalt sulfate was dissolved in 100 parts of water for 

dissolution was prepared.  Next, an aqueous alkalin e solution 

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

in 100 parts of water for dissolution was prepared.   

Subsequently, these aqueous solutions were dropped under 

stirring into 210 parts of water for precipitation prepared in 

advance, and the pH after the dropping was adjusted  to 7 to 

prepare a precursor of the intended oxide of Co.  T he obtained 

precursor of the oxide of Co was then washed with w ater and dried 

to be subjected to a heat treatment at 300 °C, thereby obtaining 

the intended ultrafine particle of the oxide of Co.   The 

obtained ultrafine particle of the oxide of Co had a particle 

diameter of 0.02 µm and a specific surface area of 130 m 2/g. 

[0025] As the packed bed 3, a packed bed having a d iameter 

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

the above-described Samples-A to C each being the p acking 

material 4 was packed therein to conduct tests.  Sp ecifically, 

the flow channel 6 in which ozone (maximum of 500 g /h) generated 

by the ozone generator 5 flows was connected to the  flow channel 

2 to inject and mix an ozone gas having a concentra tion shown 

in Table 2 into an exhaust gas containing MEK in a concentration 

shown in Table 2, the exhaust gas flowing in the fl ow channel 

2, and the resultant mixed gas was supplied into ea ch packed 

bed 3 having a different packing material to conduc t 

decomposition treatment tests.  It is to be noted t hat the 

superficial velocity of the packed bed is 1 m/sec, and the SV 

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

[0026] The exhaust gas after the oxidative decompos ition 

by ozone comes out of the packed bed 3 to flow thro ugh a flow 

channel 7, and therefore the exhaust gas was collec ted with a 

branched collection line 8 and analyzed to evaluate  the 

decomposition state.  Specifically, the concentrati on of 

reaction products, the concentration of unreacted o zone, and 
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the concentration of unreacted MEK in the exhaust g as after the 

decomposition treatment were measured to verify the  

effectiveness of the decomposition treatment method  according 

to the present invention.  In Table 1, the test app aratus, the 

range of the test condition, and the types of the p acking 

materials used for the verification are shown toget her.
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[0028] Tests of oxidative decomposition of MEK in t he 

exhaust gases by ozone were conducted for the vario us types of 

constitution described above.  In conducting the te sts, (1) the 

ratio of the amount of a gas at the inlet port/the volume of 

the packed bed (SV value [1/hr]), (2) the MEK conce ntration (in 

terms of C1) and the ozone concentration at the inl et port, and 

(3) the ratio of the ozone concentration at the inl et port to 

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

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 ted in 

Figure 1 in which Sample-A, Sample-B, and Sample-C were used 

as the packing material under the conditions on res pective gases 

at the inlet port shown in Table 2.  The oxidative decomposition 

of MEK in the gases by ozone was evaluated by the f low-through 

ratio of MEK (ratio of MEK concentration at outlet port/MEK 

concentration at inlet port), (A), and the flow-thr ough ratio 

of ozone (ratio of ozone concentration at outlet po rt/ozone 

concentration at inlet port), (B), after the treatm ent.  In 

Tables 3-a and b, the test results for the systems each using 

Sample-A and Sample-B respectively as the packing m aterial are 

shown, and in Table 3-c, the test results for the s ystem using 

Sample-C for comparison as the packing material are  shown.  

Evaluation was conducted according to the criteria described 

below, and the evaluation results are shown in Tabl e 3-a, Table 

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  than 5% 

 Good: both flow-through ratio of MEK and flow-thro ugh 

ratio of ozone at outlet port are 5% or more and le ss than 25% 

 Fair: both flow-through ratio of MEK and flow-thro ugh 

ratio of ozone at outlet port are 25% or more and l ess than 50% 

 Poor: both flow-through ratio of MEK and flow-thro ugh 

ratio of ozone at outlet port are 50% or more
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[0035] As shown in Table 3-a describing the results  of 

subjecting respective MEK-containing gases to oxida tive 

decomposition by ozone using Sample-A being the pac king 

material in which the ultrafine particulate powder of the 

complex oxide having a specific surface area of 260  m2/g, 

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

coprecipitation method is carried, and in Table 3-b  describing 

the results of subjecting respective MEK-containing  gases to 

oxidative decomposition by ozone using Sample-B bei ng the 

packing material in which the ultrafine particle of  the oxide 

of Co having a specific surface area of 130 m 2/g and being 

prepared by the coprecipitation method is carried, in any of 

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

concentration at outlet port/MEK concentration at i nlet port) 

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

concentration at outlet port/ozone concentration at  inlet port) 

after the treatment are outstandingly smaller than those in the 

cases shown in Table 3, wherein Sample-C in which a  fine particle 

is not carried was used as the packing material, an d it was found 

that efficient oxidative decomposition by ozone was  performed, 

and thus a remarkable effect brought about by the c onstitution 

according to the present invention was ascertained.   

Hereinafter, description will be made on the remark able effect 

in detail. 

[0036](Dependence on Amount of Gas at Inlet Port) 

 As shown in the test conditions 1 to 5, when the a mount 

of the gas at the inlet port is changed from 5000 m 3N/h to 250 

m3N/h, the SV value is lowered to about 60000 to abou t 3000 [1/hr].  

In this case, the flow-through ratio of MEK was dec reased from 

36% to 1.2% in the system where Sample-A was used a s the packing 

material as shown in Table 3-a.  In addition, the f low-through 

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

Sample-B was used as the packing material as shown in Table 3-b.  

In contrast, in the cases of Sample-C in which the ultra-stable 

Y type zeolite carrying nothing thereon was used, t he 

flow-through ratio of MEK was changed from 64.8% to  5.4% as shown 
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in Table 3-c.  From these results, it was found tha t the system 

where the packing material (Sample-A) in which the ultrafine 

particle of the complex oxide comprising Co, Mn, an d Cu is 

carried was used exhibits the most excellent decomp osition 

performance, and is followed by the system where th e packing 

material (Sample-B) in which the ultrafine particle  of the oxide 

of Co is carried was used, but in contrast, the per formance of 

the USY (Sample-C) was considerably lower than that  of Sample-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 

ozone concentration at the inlet port/the MEK conce ntration at 

the inlet port (in terms of C1) was changed between  1.3 to 0.8 

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-A as shown in Table 3-a and from 4.8% to 24%  for Sample-B.  

From these results, it was ascertained that it is e ffective to 

adjust the amount of ozone injected so that the rat io of the 

ozone concentration at the inlet port/the MEK conce ntration at 

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/the MEK concentration at the inlet port (in te rms of C1) ≥1 

according to the MEK concentration in terms of C1.  The 

performance of decomposing MEK herein was also in t he order of 

Sample-A, Sample-B, and Sample-C with Sample-A bein g the 

highest, and in the system where Sample-C was used as the packing 

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 

at the inlet port/the MEK concentration at the inle t port (in 

terms of C1) was made to be 1.0, or further, 1.3 as  shown in 

Table 3-c.  From these results, the remarkable adva ntage of the 

performance of decomposing VOC or the like by ozone , which is 
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brought about by carrying the particulate powder of  the 

transition metal-containing oxide on the base mater ial made of 

the high silica adsorbent specified in the present invention, 

was ascertained. 

[0038](Dependence on MEK Concentration) 

 The flow rate at the inlet port was adjusted by ch anging 

the MEK concentration at the inlet port (in terms o f C1) between 

100 ppm and 1 ppm as shown in the test conditions 1 0 to 12 so 

that the flow-through ratio of MEK achieved 5% or l ess.  When 

Sample-A is taken as an example, the flow rate at t he inlet port 

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

about 1000 m 3N/h (SV 10000) at an MEK concentration of 100 ppm 

as shown in Table 3-a.  When the MEK concentration is reduced 

to 10 ppm herein, the flow rate that can secure a f low-through 

ratio of MEK of 5% or less becomes about 2500 m 3N/h (SV ≅ 25000 

[1/hr]), and when the MEK concentration is 1 ppm, a  flow-through 

ratio of MEK of 5% or less can be achieved even if the amount 

of the gas at the inlet port is 5000 m 3N/h (SV ≅ 50000 [1/hr]).  

As can be understood from this, when the MEK concen tration at 

the inlet port is reduced, the performance of decom posing MEK 

can be achieved at a larger SV value (smaller packe d amount).  

As shown in Table 3-b, in the case where the packin g material 

in which Sample-B is carried was used, the performa nce that is 

about as good as that in the case where Sample-A wa s used was 

also exhibited although the performance of Sample-B  was 

slightly inferior to the performance of Sample-A.  In contrast, 

as shown in Table 3-c, in the system where Sample-C  was used 

as the packing material, the flow-through ratio of MEK could 

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

From these results, the remarkable advantage of the  performance 

of decomposing MEK, which is brought about by carry ing the 

particulate powder of the transition metal-containi ng oxide on 

the base material made of the high silica adsorbent  specified 

in the present invention, was ascertained. 

[0039](Versatility to Types of VOCS) 



 

 

27 

 

 The amount of the gas at the inlet port was set at  1000 

m3N/h, the SV value was set at 12000 [1/h], the parti culate 

powder of the complex oxide comprising Co, Mn, and Cu, which 

exhibited the best performance of decomposition by ozone in the 

previous treatment of MEK, was used as the particul ate powder 

of a transition metal-containing oxide, and Sample- A in which 

the particulate powder is carried was used as the p acking 

material.  Oxidative decomposition tests with ozone  were 

conducted by setting the ratio of the injected ozon e 

concentration/the VOC concentration (in terms of C1 ) at 1.2, 

and changing the VOC as an object of the treatment from MEK to 

the substances (1) to (9) described below.  The gas  

concentration of each VOC substance is expressed in  terms of 

C1, and each value in the parenthesis denotes the c oncentration 

of a gas used. 

[0040](1) 100 ppm of ethyl acetate (in terms of C1) , (25 ppm 

of ethyl acetate was used) 

(2) 100 ppm of cyclohexanone (in terms of C1), (16. 6 ppm of 

cyclohexanone was used) 

(3) 100 ppm of toluene (in terms of C1), (14.3 ppm of toluene 

was used) 

(4) 100 ppm of styrene (in terms of C1), (12.5 ppm of styrene 

was used) 

(5) 100 ppm of xylene (in terms of C1), (12.5 ppm o f xylene was 

used) 

(6) 100 ppm of acetaldehyde (in terms of C1), (50 p pm of 

acetaldehyde was used. 

(7) 50 ppm of propionaldehyde (in terms of C1), (16 .6 ppm of 

propionaldehyde was used) 

(8) 50 ppm of propionic acid (in terms of C1), (16. 6 ppm of 

propionic acid was used) 

(9) 150 ppm of acetic acid (in terms of C1), (75 pp m of acetic 

acid was used) 

[0041] With respect to the results of the above-des cribed 

tests, the flow-through ratio of each component (ra tio of 

concentration at outlet port/concentration at inlet  port for 
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each component) was as follows to find that a good decomposition 

performance was exhibited for any of the components .  That is, 

with respect to the results of the tests, the obtai ned 

flow-through ratio of each component was (1) 3% for  ethyl 

acetate, (2) 6% for cyclohexanone, (3) 8% for tolue ne, (4) 6% 

for styrene, (5) 5% for xylene, (6) 15% for acetald ehyde, (7) 

10% for propionaldehyde, (8) 4% for propionic acid,  and (9) 3% 

for acetic acid. 

[0042](Application to Gas-Phase Inorganic Reducing Compounds) 

 The amount of the gas at the inlet port was set at  1000 

m3N/h, the SV value was set at 12,000 [1/h], the part iculate 

powder of the complex oxide comprising Co, Mn, and Cu, which 

exhibited the best performance of decomposition by ozone in the 

previous treatment of MEK, was used as the particul ate powder 

of a transition metal-containing oxide, and Sample- A in which 

the particulate powder is carried was used as the p acking 

material.  Oxidative decomposition tests with ozone  were 

conducted by further setting the ratio of the injec ted ozone 

concentration/the gas-phase inorganic reducing comp ound 

concentration at 2, and changing the object of the treatment 

to the malodorous substances (11) to (15) described  below. 

[0043] The components as objects of the treatment w ere 

changed to (11) 100 ppm of ammonia, (12) 10 ppm of methyl 

mercaptan, (13) 100 ppm of trimethylamine, (14) 10 ppm of 

hydrogen sulfide, and (15) 10 ppm of carbon monoxid e, and 

oxidative decomposition treatment with ozone was pe rformed on 

these components.  All the numerical values are exp ressed in 

terms of C1.  With respect to the results of these tests, the 

obtained flow-through ratio of each component obtai ned was as 

follows to find that a good decomposition performan ce was 

exhibited for any of the components.  That is, with  respect to 

the results of the oxidative decomposition treatmen t tests, the 

obtained flow-through ratio of each component was 0 .5% for 

ammonia (11), 1% for methyl mercaptan (12), 6% for 

trimethylamine (13), 1% for hydrogen sulfide (14), and 5% for 

carbon monoxide (15) to find that an extremely good  
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decomposition performance was exhibited for any of the 

components.  The above-described results show that a high 

treatment efficiency that has never been achieved b y the 

conventional techniques can be realized even for th e 

above-described malodorous components, which are re ducing 

compounds to ozone, by applying the method accordin g to the 

present invention. 

 

Industrial Applicability 

[0044] According to the method for performing an ox idative 

decomposition treatment with ozone of the present i nvention, 

even in the case where components such as ethylene,  aldehyde, 

and terpene to be a hindrance factor in performing a treatment 

of volatile organic compounds (VOCs) for which the emission 

regulation is being strengthened by Air Pollution C ontrol Act, 

a treatment of malodorous components for which the emission 

regulation is being strengthened by Offensive Odor Control Act, 

and further, keeping freshness of agricultural crop s, are 

contained in low concentrations in a high-flow rate  gas, 

oxidative decomposition treatment with ozone on the se 

components in the gas can be performed efficiently,  and the 

amount of ozone to be used can be reduced, so that versatile 

application of the method for performing oxidative 

decomposition treatment with ozone of the present i nvention can 

be expected. 

 

Reference Signs List 

[0045]1: Exhaust gas 

2: Flow channel for exhaust gas 

3: Packed bed (adsorption bed) 

4: Packing material 

5: Ozone generator 

6: Flow channel for ozone 

7: Flow channel for gas after treatment 

8: Collection line 
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CLAIMS 

 

[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 

 bringing a resultant mixed gas into contact with a  packing 

material comprising as a base material a high silic a adsorbent 

co-adsorbing the components being the objects of th e treatment 

and ozone to perform decomposition treatment on the  VOC and/or 

the gas-phase inorganic reducing compound through o zone 

oxidation, wherein the packing material is obtained  by carrying 

a particulate powder of a transition metal-containi ng oxide 

having a BET specific surface area of 80 m 2 or more on the base 

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  least one 

selected from the group consisting of Co, Mn, and C u, or a complex 

oxide of two or more selected from the group consis ting of Co, 

Mn, and Cu. 

[3] 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 a complex oxid e of Co, Mn, 

and Cu, or an oxide of Co. 

[4] 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 any one of claims 1 to 

3, wherein the particulate powder of the transition  

metal-containing oxide is formed using a precipitat e obtained 

through coprecipitation performed by mixing an aque ous solution 

of a salt of at least one metal selected from Co, M n, and Cu, 
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or a mixed aqueous solution of two or more metal sa lts the metals 

of which are selected from Co, Mn, and Cu with an a queous alkaline 

solution. 

[5] 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 any one of claims 1 to 

4, wherein when an exhaust gas comprising the VOC a nd/or the 

gas-phase inorganic reducing compound is brought in to contact 

with ozone, a concentration ratio of a concentratio n of ozone 

injected into the exhaust gas to a concentration of  the VOC 

and/or the gas-phase inorganic reducing compound (i n terms of 

C1) in the exhaust gas is constituted to exceed 0.8 . 

[6] 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 any one of claims 1 to 

5, wherein the BET specific surface area is 100 m 2 or more. 

[7] 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 any one of claims 1 to 

6, wherein the high silica adsorbent comprises any material 

selected from the group consisting of a high silica  pentasil 

zeolite, a dealuminized faujasite, and a mesoporous  silicate. 

[8] 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 any one of claims 1 to 

7, wherein the VOC and/or the gas-phase inorganic r educing 

compound is at least one selected from the group co nsisting of 

ammonia, methyl mercaptan, hydrogen sulfide, methyl  sulfide, 

trimethylamine, acetaldehyde, propionaldehyde, norm al 

butyraldehyde, isobutyraldehyde, normal valeraldehy de, 

isovaleraldehyde, isobutanol, ethyl acetate, methyl  isobutyl 

ketone, toluene, styrene, xylene, cyclohexanone, pr opionic 

acid, normal butyric acid, normal valeric acid, iso valeric acid, 

and carbon monoxide. 

  




