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DESCRIPTION 

 

Title of Invention 

PURIFICATION TREATMENT METHOD OF LIQUID CONTAINING HARMFUL 

SUBSTANCE, AND PURIFICATION TREATMENT DEVICE OF LIQ UID 

CONTAINING HARMFUL SUBSTANCE FOR CARRYING OUT SAID METHOD 

 

Technical Field 

[0001] The present invention relates to a method fo r 

performing a detoxification treatment and a detoxif ication 

treatment apparatus for a liquid containing harmful  substances 

such as various kinds of organic contaminants, malo dorous 

components, and bacteria (hereinafter, referred to as harmful 

substance-containing liquid), and particularly to a  method and 

an apparatus for performing a purification treatmen t on a 

harmful substance-containing liquid, wherein the ef ficiency of 

the detoxification by a treatment with dissolved oz one being 

an oxidizing agent with high level of safety is imp roved.  The 

present invention is useful for a water supply or s ewerage 

purification treatment, and freshwater or seawater 

purification in a culture water tank. 

 

Background Art 

[0002] As one of the methods for performing a 

detoxification treatment on a contaminated liquid c ontaining 

harmful substances such as organic contaminants, th ere exists 

a treatment making use of biological activity, but the 

processing speed thereof is slow because it depends  on a 

biochemical reaction by a microorganism, in additio n, a 

microorganism tank for decomposing the harmful subs tances is 

needed, and the operation/maintenance of the microo rganism tank 

needs much attention and experience.  The decomposi tion of a 

harmful substance such as an organic contaminant by  a 

microorganism is generally performed through oxidat ion of the 

harmful substance in an aerobic atmosphere, but in the removal 

of ammonia being a malodorous component by a digest ing bacterium, 
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there remains a problem such as adjustment of pH af ter the 

oxidation of ammonia, or disposal of nitric acid.  On the other 

hand, as one of the methods for performing a detoxi fication 

treatment on water containing harmful substances in cluding 

malodorous components such as various kinds of COD components 

and ammonia in low concentrations, there exists a m ethod for 

performing an oxidative decomposition treatment wit h ozone, and 

various proposals have been made in order to improv e the 

efficiency of the treatment.  For example, an oxida tion 

treatment method with a mixed solution containing: a 

water-soluble oxidizing agent such as an oxygen-con taining 

halogenated compound or hydrogen peroxide; and diss olved ozone 

has been attempted (Patent Literatures 1 and 2), bu t the rate 

of reaction between a harmful substance in a low co ncentration 

and the water-soluble oxidizing agent or the mixed solution 

containing the water-soluble oxidizing agent and di ssolved 

ozone is not so large, and therefore the single use  of the method 

has not been put into practical use yet.  However, autolysis 

progresses in the mixed solution containing the wat er-soluble 

oxidizing agent and dissolved ozone, and therefore there is a 

small risk that the water-soluble oxidizing agent a nd dissolved 

ozone are left in a treated liquid to affect a huma n body, so 

that the mixed solution is anticipated to expand th e field of 

application as a clean treating agent further in fu ture, and 

when the mixed solution can be utilized as an oxidi zing agent 

for treating a harmful substance-containing liquid,  a method 

using the mixed solution is expected as a greatly e ffective 

treatment method. 

[0003] In addition, with respect to the oxidative 

decomposition treatment of a harmful substance with  dissolved 

ozone, there are proposals on a high silica adsorbe nt adsorbing 

a harmful substance and adsorbing ozone for the pur pose of 

performing the oxidative decomposition treatment ef ficiently 

(Patent Literatures 3 and 4).  Further, in recent y ears, there 

have been proposed a method and an apparatus for pr oducing ozone 

water directly through electrolysis in place of a m ethod for 
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obtaining dissolved ozone through dissolution of an  ozone gas, 

and it is described that the obtained ozone water c an be utilized 

for decomposition of organic chlorine compounds con taining 

dioxin or disposal of a waste liquid containing dio xin (Patent 

Literatures 5 and 6). 

 

Citation List 

Patent Literature 

[0004]Patent Literature 1: Japanese Patent Laid-Ope n No. 

2008-55312 

Patent Literature 2: Japanese Patent Laid-Open No. 2009-297629 

Patent Literature 3: Japanese Patent No. 3377733 

Patent Literature 4: Japanese Patent No. 3611278 

Patent Literature 5: Japanese Patent No. 5113891 

Patent Literature 6: Japanese Patent No. 5113892 

 

Summary of Invention 

Technical Problem 

[0005] Under the above-described circumstances, the  

present inventors have recognized as follows.  That  is, the 

purification treatment with dissolved ozone is perf ormed by 

injecting dissolved ozone into a harmful substance- containing 

liquid; however, the concentration of a harmful sub stance as 

an object of the treatment in the harmful substance -containing 

liquid is usually extremely low, and therefore auto lysis of 

dissolved ozone progresses before dissolved ozone c ontributes 

to oxidative decomposition of the harmful substance , so that 

injection of excessive amount of dissolved ozone gr eatly 

exceeding the stoichiometric ratio is needed, which  is not 

economical, and further, the injection of the exces sive amount 

of dissolved ozone gives rise to the necessity of p erforming 

decomposition treatment on extra ozone afterward, w hich is also 

not economical.  On top of the above-described poin t of view, 

the present inventors have recognized that it is of ten the case 

that the reaction rate of ozone oxidation is not so  large 

although the reaction rate depends on the harmful s ubstance as 
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an object of treatment, therefore there is a proble m that the 

efficiency of detoxification is low, and it is diff icult to put 

a purification treatment with dissolved ozone into practical 

use unless these problems are not improved. 

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

to provide a method for performing a purification t reatment on 

a harmful substance-containing liquid, by which suc h problems 

of the conventional techniques can be solved, and a  purification 

treatment can be performed efficiently on the harmf ul 

substance-containing liquid using dissolved ozone b eing an 

oxidizing agent with high level of safety, and to p rovide a 

harmful substance-containing liquid purification tr eatment 

apparatus for carrying out the method. 

 

Solution to Problem 

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

present invention described below.  That is, the pr esent 

invention provides a method for performing a purifi cation 

treatment on a harmful substance-containing liquid,  the method 

comprising adding and mixing dissolved ozone into a  harmful 

substance-containing liquid containing a harmful su bstance, 

thereafter bringing the harmful substance-containin g liquid 

into contact with a transition metal-containing oxi de having 

a BET specific surface area of 80 m 2/g or more, adsorbing ozone, 

and adsorbing a harmful substance, and then allowin g the harmful 

substance-containing liquid to flow to accelerate o xidation of 

the harmful substance by dissolved ozone, thereby p erforming 

a highly efficient oxidative decomposition. 

[0008] Preferred embodiments of the method for perf orming 

a purification treatment on a harmful substance-con taining 

liquid according to the present invention include a s follows.  

The transition metal-containing oxide is an oxide o f at least 

one selected from the group consisting of Co, Mn, a nd Cu, or 

a complex oxide of two or more selected from the gr oup consisting 

of Co, Mn, and Cu; the transition metal-containing oxide is a 

complex oxide of Co, Mn, and Cu, or an oxide of Co;  the transition 
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metal-containing oxide is an ultrafine particle of a transition 

metal-containing oxide formed using a precipitate p roduced by 

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

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

aqueous solution of two or more metal salts the met als of which 

are selected from Co, Mn, and Cu with an alkaline s olution; the 

transition metal-containing oxide has a shape of an  ultrafine 

particle and is carried on a high silica adsorbent in a honeycomb 

form; the method further comprising: disposing a hi gh silica 

adsorbent co-adsorbing the harmful substance and th e dissolved 

ozone on an upstream side or a downstream side of t he transition 

metal-containing oxide with which the harmful 

substance-containing liquid is allowed to flow to b e brought 

into contact, bringing the harmful substance-contai ning liquid 

into contact with the high silica adsorbent, and al lowing the 

harmful substance-containing liquid to flow; and th e high 

silica adsorbent comprises any material selected fr om the group 

consisting of a high silica pentasil zeolite, a dea luminized 

faujasite, and a mesoporous silicate. 

[0009] The present invention provides as another 

embodiment a harmful substance-containing liquid pu rification 

treatment apparatus for carrying out any of the abo ve-described 

embodiments according to method for performing a pu rification 

treatment on a harmful substance, the apparatus com prising: an 

adsorbent-packed bed comprising at least the transi tion 

metal-containing oxide disposed therein in a form o f a single 

substance or a mixture; a supply piping that suppli es a harmful 

substance-containing liquid into the adsorbent-pack ed bed; a 

dissolved ozone generator that adds dissolved ozone  into the 

harmful substance-containing liquid, the dissolved ozone 

generator connected to the supply piping; and a tre ated liquid 

discharge piping that discharges a treated liquid o n which the 

purification treatment has been performed from the 

adsorbent-packed bed. 

[0010] Preferred embodiments of the harmful 

substance-containing liquid purification treatment apparatus 
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according to the present invention include that the  form of a 

single substance or a mixture of the transition 

metal-containing oxide disposed inside the adsorben t-packed 

bed is any one selected from the group consisting o f an ultrafine 

particulate powder, a granular form, a pellet form,  a Raschig 

ring form, and a honeycomb form. 

 

Advantageous Effects of Invention 

[0011] According to the method for performing a 

purification treatment on a harmful substance-conta ining 

liquid of the present invention, the effective util ization 

ratio of a dissolved ozone-containing mixed solutio n is 

improved to enable a high-processing speed and high ly efficient 

water supply or sewerage purification treatment and  freshwater 

or seawater purification in a culture water tank by  using an 

adsorbent adsorbing dissolved ozone efficiently and  adsorbing 

a harmful substance in a treatment of a harmful 

substance-containing liquid with dissolved ozone.  In addition, 

the utilization ratio of the dissolved ozone-contai ning mixed 

solution (ratio of dissolved ozone-containing solut ion 

contributing to oxidation or the like of harmful su bstance) is 

improved, the ability of adsorbing the dissolved 

ozone-containing mixed solution is high, and theref ore the 

amount of dissolved ozone that leaks to a treated l iquid to be 

discharged is small, and further, the leakage of di ssolved ozone 

can be prevented perfectly by providing a layer of a dissolved 

ozone decomposer such as activated carbon as necess ary.  

Moreover, according to the apparatus of the present  invention, 

a treatment on a harmful substance-containing liqui d with 

dissolved ozone can be performed efficiently at a l ow operation 

cost. 

 

Brief Description of Drawings 

[0012][Figure 1] Figure 1 shows a schematic outline  diagram 

illustrating one example of a treatment flow in a m ethod for 
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performing a purification treatment according to th e present 

invention. 

[Figure 2] Figure 2 illustrates a graph showing a r elationship 

between an SV value and a removal ratio of trichlor obenzene as 

an object of treatment in Example 5. 

[Figure 3] Figure 3 illustrates a graph showing a r elationship 

between a mass ratio of dissolved ozone to trichlor obenzene as 

an object of treatment and a trichlorobenzene remov al ratio in 

Example 6. 

 

Description of Embodiments 

[0013] The present invention will be described in d etail 

giving preferred embodiments according to the prese nt invention.  

In the method for performing a purification treatme nt on a 

harmful substance-containing liquid according to th e present 

invention, the basic constitution includes (A) addi ng and 

mixing dissolved ozone into a harmful substance-con taining 

liquid, (B) allowing the resultant mixed liquid to flow through 

a packed bed packed with a particular adsorbent ads orbing 

dissolved ozone and adsorbing a harmful substance, and (C) 

detoxifying the harmful substance in the liquid by the action 

of dissolved ozone, and in the basic constitution, the method 

for performing a purification treatment on a harmfu l 

substance-containing liquid according to the presen t invention 

is characterized in that a transition metal-contain ing oxide 

having a BET specific surface area of 80 m 2/g or more is used 

as the adsorbent. 

[0014] Examples of the harmful substance-containing  

liquid specified as an object of the treatment in t he present 

invention include wastewater in which a measured va lue of a 

harmful substance shows a high value corresponding to a COD 

(chemical oxygen demand) regulation value specified  by 

Environmental Agency, and water in a culture tank i n which 

ammonia or the like being a malodorous substance is  contained. 

[0015] As the dissolved ozone-containing mixed solu tion 

generator (ozonizer) for supplying dissolved ozone for use in 
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the present invention, any of publicly known silent  discharge 

type, ultraviolet lamp type, and water electrolysis  type 

ozonizers, and a recently proposed ozonizer that pr oduces ozone 

water directly through electrolysis can be applied.   As the 

method of adding dissolved ozone into a harmful 

substance-containing liquid, a method of mixing dis solved ozone 

into a harmful substance-containing liquid as an ob ject of the 

treatment by sucking dissolved ozone into an ejecto r disposed 

on an upstream side and a method of injecting disso lved ozone 

into a harmful substance-containing liquid through gas-liquid 

contact by generating micro bubbles by a diffuser p iping for 

gas-phase ozone inserted into a liquid phase are ge nerally used.  

The amount of dissolved ozone to be added may be se t 

appropriately according to the kind, concentration,  and the 

like of the harmful substance in the harmful 

substance-containing liquid as the object of treatm ent and is 

1 to 20 mol, preferably about 3 to about 10 mol bas ed on 1 mol 

of the harmful substance in usual treatments of con taminated 

water or liquid which have been conventionally perf ormed. 

[0016] The adsorbent for use in the present inventi on is 

an adsorbent adsorbing dissolved ozone and adsorbin g a harmful 

substance, and among such adsorbents, the adsorbent  for use in 

the present invention is characterized in that it i s a 

transition metal-containing oxide having a BET spec ific surface 

are of 80 m 2/g or more.  Examples of the preferred adsorbent 

for use in the present invention include a transiti on 

metal-containing oxide of at least one selected fro m the group 

consisting of Co, Mn, and Cu, or a complex oxide of  two or more 

selected from the group consisting of Co, Mn, and C u, and an 

ultrafine particle is particularly preferable. 

[0017] As described previously, it is already known  that 

the efficiency of the oxidative decomposition treat ment of a 

harmful substance with dissolved ozone can be impro ved by using 

a high silica adsorbent adsorbing a harmful substan ce and 

adsorbing ozone.  The present inventors have conduc ted 

diligent studies recognizing that even such a conve ntional 
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technique is not sufficient, and further improvemen ts in the 

efficiency of the oxidative decomposition treatment  of a 

harmful substance with dissolved ozone are desired for putting 

the conventional technique into practical use, and,  as a result, 

have reached the present invention.  Specifically, the present 

inventors have found that the reaction rate of ozon e oxidation 

is accelerated to make detoxification efficient by using a 

“transition metal-containing oxide having a BET spe cific 

surface area of 80 m 2/g or more”, which characterizes the present 

invention, and have thereby achieved the present in vention.  

Further, since the transition metal-containing oxid e that is 

suitable for the present invention is an ultrafine particle, 

the transition metal-containing oxide can be easily  used with 

the high silica adsorbent which is proposed in conv entional 

techniques and which adsorbs a harmful substance an d adsorbs 

ozone, and it has been ascertained that further imp rovements 

in the efficiency of the oxidative decomposition tr eatment of 

a harmful substance with dissolved ozone can be ach ieved by 

constituting the method according to the present in vention in 

this way. 

[0018] The present inventors consider as follows wi th 

respect to the reason that the improvement of the e fficiency 

of the oxidative decomposition treatment of a harmf ul substance 

with dissolved ozone can be achieved by using a “tr ansition 

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

80 m 2/g or more”, which characterizes the present invent ion.  

It is considered that the transition metal-containi ng oxide for 

use in the present invention functions as an adsorb ent that 

adsorbs dissolved ozone and a harmful substance sim ultaneously, 

further, ozone and the harmful substance are concen trated in 

the adsorbent, and ozone is adsorbed without being decomposed 

in the crystal (or amorphous) structure of the adso rbent, so 

that the effect of efficiently performing oxidative  

decomposition on the harmful substance is exhibited .  In this 

way, the adsorbent that characterizes the present i nvention has 

a high BET specific surface area, as high as 80 m 2/g or more, 
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and has a large number of adsorption sites, making it possible 

to realize a high capability of adsorbing ozone fro m dissolved 

ozone in a liquid, and besides, dissolved ozone its elf that has 

been adsorbed has a low decomposition ratio in a mi xed solution, 

and the adsorbent that characterizes the present in vention also 

has a property of adsorbing the harmful substance, so that a 

stable treatment of the harmful substance through o zone 

oxidation in a liquid phase can be performed. 

[0019] Hereinafter, a transition metal-containing o xide 

of at least one selected from the group consisting of Co, Mn, 

and Cu, or a complex oxide of two or more selected from the group 

consisting of Co, Mn, and Cu, which is useful as th e adsorbent 

that characterizes the present invention, will be d escribed.  

Specifically, description will be made taking a com plex oxide 

comprising three kinds of Co, Mn, and Cu, and an ox ide of Co 

as examples. 

[0020] The complex oxide of Co, Mn, and Cu, which i s 

suitable for the present invention, is preferably p repared by 

the wet process described below.  The complex oxide  prepared 

by such a method becomes an ultrafine particle havi ng an average 

particle diameter of 0.1 µm or less, the BET specific surface 

area thereof easily becomes 80 m 2/g or more.  Firstly, an 

aqueous solution of a salt of Co, of a salt of Mn, and of a salt 

of Cu, and an aqueous alkaline solution are prepare d, and these 

aqueous solutions are dropped into an aqueous mediu m to deposit 

a coprecipitate of respective metals.  Next, the ob tained 

coprecipitate is subjected to filtration, washed wi th water, 

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

100 to 500 °C, and thus the intended ultrafine particulate 

complex oxide containing Co, Mn, and Cu can be obta ined.  As 

the salt of each metal for use in the preparation o f aqueous 

solutions of respective metal salts to be used abov e, any of 

commercially available metal salts can be used, and  for example, 

sulfates, nitrates, chlorides, and the like can be used.  In 

addition, as the alkali for use in the above-descri bed 

preparation of the aqueous alkaline solution, gener al alkalis 
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such as caustic soda, soda ash, and sodium bicarbon ate can be 

used.  With respect to the ratio of each metal to b e mixed, a 

range of 40 mol% or less for Co, a range of 30 to 7 0 mol% for 

Mn, and a range of 25 to 45 mol% for Cu are suitabl e in terms 

of a molar ratio relative to the total moles of res pective metals.  

In addition, with respect to the concentration of t he aqueous 

solution of each metal salt, a range of approximate ly 5 to 

approximately 50% by mass is appropriate. 

[0021] With respect to the precipitation condition,  when 

the precipitation pH is adjusted in a pH range wher e each 

transition metal precipitates, a fine precipitate c an be 

deposited, and the pH in a range of approximately 5  to 

approximately 14 is suitable.  In addition, accordi ng to 

studies conducted by the present inventors, the rea ction 

property during the heat treatment in a later step can be made 

to be advantageous by accelerating the oxidation in  the liquid 

phase in depositing the precipitate.  Therefore, bu bbling 

through aeration and addition of an oxidizing agent  are 

effective.  As the oxidizing agent that can be used  for the 

above-described purpose, sodium chlorate, sodium hy pochlorite, 

potassium salts thereof, hydrogen peroxide, and the  like can 

be used.  The shape of the precipitate obtained abo ve is close 

to an amorphous shape, but a heat treatment is effe ctive for 

stabilizing the properties, and a range of 100 to 5 00°C is 

preferable as the heat treatment temperature.  It i s not 

preferable that the heat treatment temperature is t oo high 

because the specific surface area of the oxide part icle to be 

obtained decreases to reduce the number of adsorpti on sites, 

so that the treatment ability of the oxide particle  to be 

obtained is lowered when the oxide particle is used  for 

purification of a harmful substance-containing liqu id.  The 

complex oxide of Co, Mn, and Cu obtained in the man ner as 

described above preferably has an average particle diameter of 

0.1 µm or less.  The BET specific surface area is desira bly 80 

m2/g or more, further desirably 100 m 2/g or more. 
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[0022] Next, preparation of the oxide of Co will be  

described, but is basically similar to the above-de scribed 

preparation of the complex oxide.  Firstly, an aque ous solution 

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

prepared, and these aqueous solutions are dropped i nto an 

aqueous medium to deposit a precipitate of Co.  Nex t, the 

obtained precipitate is subjected to filtration, wa shed with 

water, dried, and is then subjected to a heat treat ment in a 

range of 100 to 800 °C to obtain the intended ultrafine 

particulate oxide containing Co.  As the salt of a metal of Co 

for use in the preparation of the oxide of Co, any of commercially 

available metal salts can be used, and sulfates, ni trates, 

chlorides, and the like can be used.  In addition, as the alkali 

to be used, general alkalis such as caustic soda, s oda ash, and 

sodium bicarbonate can be used.  In addition, with respect to 

the concentration of the metal salt, a range of app roximately 

5 to approximately 50% by mass is suitable.  With r espect to 

the precipitation condition, when the precipitation  pH is 

adjusted in a pH range where a metal of Co precipit ates, a fine 

precipitate can be deposited, and the pH in a range  of 

approximately 5 to approximately 14 is appropriate.  The shape 

of the obtained precipitate is close to an amorphou s shape, but 

part of the obtained precipitate is crystallized, a nd further, 

a heat treatment is effective for stabilizing the p roperties, 

and a range of 100 to 800 °C is preferable as the heat treatment 

temperature.  It is not preferable that the heat tr eatment 

temperature is too high because the specific surfac e area of 

the oxide particle to be obtained decreases to redu ce the number 

of adsorption sites, so that the treatment ability of the oxide 

particle to be obtained is lowered when the oxide p article is 

used for purification of a harmful substance-contai ning liquid.  

The oxide of Co obtained in the manner as described  above 

preferably has an average particle diameter of 0.1 µm or less.  

The BET specific surface area is desirably 80 m 2/g or more, 

further desirably 100 m 2/g or more. 
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[0023] The above-described transition metal-contain ing 

oxide for use in the present invention can also be produced by 

a so-called “dry-mixing method” in which oxides, ca rbonates, 

basic carbonates, and oxalates of respective metals  are 

combined and dry-mixed, and the resultant mixture i s then fired 

when the BET specific surface area of the transitio n 

metal-containing oxide is not taken into considerat ion.  

However, the mixed raw material of the oxides and t he like of 

the respective metals has a large primary particle diameter, 

so that the particle diameter of a powder obtained by performing 

firing after the dry-mixing is limited to sub-micro n meters at 

the smallest, and the oxide having a particle diame ter of 

sub-micron meters or less is hard to produce.  Ther efore, the 

powder has a specific surface area of about several  m2 and has 

a small number of adsorption sites, so that a trans ition 

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, from the transition metal-c ontaining 

oxide obtained by the above-described “wet process” , an 

ultrafine particle having a particle diameter of 0. 02 to 0.1 

µm, for example, having a particle diameter of about  0.05 µm, 

is obtained, and, according to circumstances, the t ransition 

metal-containing oxide having a specific surface ar ea of 

exceeding 100 m 2 can be made by the above-described wet process, 

and therefore the transition metal-containing oxide  obtained 

by the above-described wet process is extremely use ful for the 

method for performing a purification treatment on a  harmful 

substance-containing liquid according to the presen t 

invention.  

[0024] The present inventors have found in conducti ng 

tests of adsorbing dissolved ozone that the above-d escribed 

particular adsorbent adsorbs dissolved ozone effici ently, and 

besides, the harmful substance as an object of trea tment can 

be detoxified by adsorbed ozone in a highly efficie nt manner, 

and the present invention is based on the finding.  That is, 

when a mixed solution containing a harmful substanc e and 
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dissolved ozone is allowed to flow in the presence of an 

adsorbent comprising a transition metal-containing oxide that 

characterizes the present invention to make the mix ed solution 

and the adsorbent coexist, dissolved ozone and the harmful 

substance in the mixed solution are adsorbed to the  adsorbent, 

so that the oxidative decomposition of the harmful substance 

in the mixed liquid by ozone obtained through the a dsorption 

of dissolved ozone progresses efficiently to obtain  a 

remarkable effect according to the present inventio n. 

[0025] When an accelerated reaction of ammonia by 

dissolved ozone is taken as an example, the oxidati ve 

decomposition mechanism as described below is possi ble although 

the present invention is not limited to the oxidati ve 

decomposition mechanism. 

 The oxidative decomposition reaction in a liquid p hase 

by dissolved ozone in a liquid progresses in direct  proportion 

to the product of the dissolved ozone concentration  in a mixed 

solution [O 3] and the harmful substance concentration [NH 4OH], 

[O 3] ⋅[NH4OH].  On the other hand, in an adsorbent phase that  

constitutes the present invention, dissolved ozone and the 

harmful substance are adsorbed selectively and simu ltaneously, 

and therefore the dissolved ozone concentration [O 3] and the 

harmful substance concentration [NH 4OH] in the adsorbent each 

reach at a level that is about 10 to about 100 time s higher than 

those in a mere liquid phase where the adsorbent do es not exist.  

Accordingly, the product [O 3] ⋅[NH4OH] at the surface of the 

adsorbent is anticipated to reach at a level about 100 to about 

10000 times larger than that in the liquid phase. 

[0026] In addition, as a strong point that should b e 

mentioned specially in the present invention, HNO 3 and HNO 2, 

which are produced in the conventional oxidative de composition 

of NH 4OH using a digesting bacterium, are hardly produced  in 

the NH 4OH-O3 reaction on the transition metal particulate 

material that characterizes the present invention. 

 That is, it is considered that the reaction betwee n ozone 

and ammonia on the adsorbent that characterizes the  present 
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invention is constituted from at least one of (1) t o (4) 

described below.  According to studies conducted by  the present 

inventors, in the method for performing a purificat ion 

treatment according to the present invention, it ha s been 

ascertained that the selectivity of reaction exists  in the order 

of (1), (2) >> (3), (4), and HNO 3 and HNO 2 are hardly produced. 

(1): NH 4OH + 5/6 O 3 → 1/2 N 2 + 5/2 H 2O 

(2): 2NH 4OH + 7/3 O 3 → 2NO + 5H 2O 

(3): NH 4OH + 4/3 O 3 → HNO3 + 2H 2O 

(4): NH 4OH + O 3 → HNO2 + 2H 2O 

[0027] The adsorbent that characterizes the present  

invention can be used singly or in a form of a mixt ure according 

to the purpose of the use, and, for example, can be  used as it 

is as an ultrafine particle.  Alternately, the adso rbent that 

characterizes the present invention can be used by being molded 

into an arbitrary shape such as a granular form, a pellet form, 

a Raschig ring form, or a honeycomb form.  For exam ple, it is 

preferable that the constitution be such that the h igh silica 

adsorbent which is used in conventional techniques,  which 

adsorbs ozone, and which adsorbs a harmful substanc e is shaped 

into a honeycomb form, and the ultrafine particulat e powder of 

the transition metal-containing oxide obtained as d escribed 

above is carried on the resultant high silica adsor bent. 

[0028] The amount of the adsorbent that characteriz es the 

present invention to be used is different according  to the 

purpose of the use.  For example, in the case where  a system 

in which a water-soluble oxidizing agent such as an  

oxygen-containing halogenated compound or hydrogen peroxide is 

used together with dissolved ozone is used, the amo unt of the 

adsorbent to be used is about 1 to about 250 (1/h) in terms of 

an SV value being a flow rate per 1 m 3 of the adsorbent [m 3/h] 

under conditions of 1 to 1000 ppm (w/w) of a usual contamination 

substance and 1 to 10000 ppm (w/w) of an amount of the mixed 

solution containing the water-soluble oxidizing age nt and 

dissolved ozone.  The performance of the adsorbent that 

characterizes the present invention is different ac cording to 
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the purpose of the use, but exhibits an extremely h igh removal 

ratio, as high as 80% or more as will be described later. 

[0029] According to the studies conducted by the pr esent 

inventors, in the liquid phase, dissolved ozone fre quently 

decomposes without contributing to detoxification d ue to a 

collision with a third substance other than the har mful 

substance, and therefore there has been a limit to the 

efficiency of detoxification by dissolved ozone.  H owever, in 

the detoxification treatment, which has been enable d by using 

the adsorbent that characterizes the present invent ion, on a 

harmful substance with dissolved ozone at the surfa ce of the 

adsorbent, dissolved ozone and the harmful substanc e are 

selectively adsorbed to the adsorbent, and therefor e the 

probability of the decomposition of dissolved ozone  due to a 

collision with the third substance is greatly reduc ed, and 

dissolved ozone is consumed selectively and efficie ntly for the 

detoxification of the harmful substance. 

[0030] In the conventional methods in which the eff iciency 

of the detoxification treatment of a harmful substa nce in a 

liquid phase is poor (for example, treatment making  use of 

biological activity with digesting bacterium), the volume of 

an apparatus is large, so that there has always bee n concern 

that the activity of a digesting bacterium is consi derably 

lowered by the variation in a liquid composition an d invasion 

of a competitive microorganism, and needs for impro ving economy 

and maintainability has been strong.  The treatment  of 

wastewater through the homogeneous liquid phase rea ction of the 

oxidation reaction in a solution containing a water -soluble 

oxidizing agent for harmful substances or in a mixe d solution 

containing the water-soluble oxidizing agent and di ssolved 

ozone, which is previously taken as a conventional technique, 

has an extremely low efficiency, and therefore has not been 

adopted singly, but has been adopted as a general l ater flow 

treatment in treatments making use of biological ac tivity for 

the purpose of reducing COD components.  However, s uch 

installment for a treatment making use of biologica l activity 
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on an upstream has not been adopted because there i s concern 

that deterioration in performance of a biologically  active tank 

due to dissolved ozone that has leaked.  In contras t, in the 

method for performing a purification treatment on a  harmful 

substance-containing liquid according to the presen t invention, 

dissolved ozone which is unreacted is retained in a  state of 

being adsorbed to the adsorbent that characterizes the present 

invention, so that there is little risk of leakage to a later 

flow, and according to the studies conducted by the  present 

inventors, the concentration of dissolved ozone tha t leaks is 

1/10 times or less of the concentration in the conv entional 

techniques, so that a decomposer layer for decompos ing 

dissolved ozone that leaks is not necessarily provi ded. 

[0031] However, even in the present invention, a 

decomposer layer for decomposing dissolved ozone th at leaks is 

preferably provided at a treated liquid outlet port  part of the 

adsorbent-packed bed for performing a detoxificatio n 

(purification) treatment with dissolved ozone as a measure in 

the case where a large amount of dissolved ozone is  added for 

sterilization or the like of a particular bacterium , or in the 

case where dissolved ozone which is unreacted leaks  for some 

reason or other.  By constituting the adsorbent-pac ked bed in 

this way, dissolved ozone which is unreacted can be  decomposed 

surely.  Examples of the decomposer, which is used in this case, 

for the dissolved ozone-containing mixed solution i nclude 

consumable type adsorbents, such as activated carbo n and an 

alumina-based compound, which are oxidized into CO 2 when coming 

into contact with dissolved ozone that has leaked.  It is to 

be noted that the decomposer layer may be provided inside the 

outlet port part of the adsorbent-packed bed, or ma y be provided 

separately outside the packed bed.  In the method f or performing 

a purification treatment on a harmful substance-con taining 

liquid according to the present invention, the conc entration 

of dissolved ozone that leaks is low as described p reviously, 

and therefore the frequency of exchanging dissolved  ozone can 

be greatly prolonged such that it becomes about 10 times longer 
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than that in the conventional techniques to make an  economical 

treatment possible. 

[0032] It is to be noted that, if necessary, a filt ration 

material layer for removing dust in a liquid on the  upstream 

side of an injection point where the dissolved ozon e-containing 

mixed solution is injected into a harmful substance -containing 

liquid and/or the later flow side of an adsorption reactor 

(adsorbent-packed bed) for the dissolved ozone-cont aining 

mixed solution.  Whether to install the filtration material 

layer or not, the position of the filtration materi al layer, 

and the like may be determined appropriately accord ing to the 

status of the apparatus, the characteristics of the  harmful 

substance-containing liquid, and the like. 

[0033] Next, the treatment apparatus according to t he 

present invention will be described with reference to the 

accompanying drawings.  Figure 1 shows one example of a harmful 

substance-containing liquid treatment flow in which  the method 

for performing a purification treatment on a harmfu l 

substance-containing liquid according to the presen t invention 

is applied to a treatment of waste liquid from indu strial 

wastewater.  In Figure 1, a harmful substance-conta ining 

liquid from a main plant 1 is fed into a mixer 4 wh ere the harmful 

substance-containing liquid is mixed with dissolved  ozone 

through a waste liquid leading-out piping 2 by a wa ste liquid 

transportation pump 3, and ozone from an ozone gene rator 5 is 

injected into the harmful substance-containing liqu id to be 

introduced into the adsorbent-packed bed 6 as disso lved 

ozone-containing wastewater.  In the adsorbent-pack ed bed 6, 

a particular adsorbent that characterizes the prese nt invention 

is packed, the harmful substance and dissolve ozone  in the 

introduction liquid are co-adsorbed to the adsorben t, and the 

harmful substance reacts in a state of being in a h igh 

concentration to be subjected to oxidative decompos ition by 

ozone.  Usually, the leakage of dissolved ozone int o a treated 

liquid on which the treatment has been performed an d which is 

discharged from a treated liquid discharge piping 7  does not 
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occur, but, if necessary, a layer of a dissolved oz one 

decomposer such as activated carbon may be provided  on the 

outlet port side inside the adsorbent-packed bed 6 or in a later 

flow of the adsorbent-packed bed 6.  It is to be no ted that 

Figure 1 illustrates an example in which a dissolve d ozone 

decomposer layer 6b is provided on the treated liqu id outlet 

port side of the adsorbent layer 6a inside the adso rbent-packed 

bed 6 through a partition 6c.  The dissolved ozone decomposer 

layer 6b comprises a water-soluble oxidizing agent,  or 

comprises a mixed solution containing a water-solub le oxidizing 

agent and dissolved ozone. 

 

Examples 

[0034] Hereinafter, the present invention will be 

described in more detail giving Examples, Comparati ve Examples, 

and Reference Examples.  In the description, “parts ” and “%” 

are on a mass basis unless otherwise noticed. 

[Examples 1 to 4, Comparative Example 1, and Refere nce Example 

1]; 

 A test of performing a purification treatment with  

dissolved ozone on trichlorobenzene in a liquid was  conducted 

using a test apparatus in the flow chart illustrate d in Figure 

1 (however, decomposer layer 6b for decomposing dis solved ozone 

that had leaked was not provided).  Adsorbents used  are shown 

in Table 1.  In addition, the constitution of the a pparatus, 

test conditions, and the like are shown in Table 2.   

Specifically, a purification treatment was performe d on a 

simulated waste liquid containing 10 ppm of trichlo robenzene 

setting the mass ratio of dissolved ozone to trichl orobenzene 

to be 1.5.  The trichlorobenzene concentration and the 

dissolved ozone concentration in each treated liqui d taken as 

a sample at a part of the treated liquid discharge piping 7 

illustrated in Figure 1 were measured, and each mea surement 

result is shown in Table 3 as concentration at outl et port. 

[0035] As the adsorbent, 5 types of adsorbents of S -1 to 

S-5 described below were used.  As “S-1”, only a ba se material 
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made of Ultra-Stable Y-type Zeolite (hereinafter, a bbreviated 

as USY) (ratio of SiO 2/Al 2O3 of 200) being a high silica zeolite, 

the base material having a honeycomb structure, was  used to 

carry out Comparative Example 1.  The honeycomb str ucture had 

a plate thickness of 0.2 mm and a pitch of 2 mm, an d the shape 

of the adsorbent was cylindrical.  An ultrafine par ticle of an 

oxide of Co (particle diameter of 0.02 µm, specific surface area 

of 100 m 2/g) was carried on the above-described honeycomb ba se 

material, and the resultant adsorbent was used as “ S-2” to carry 

out Example 1.  An ultrafine particle of a complex oxide of Co, 

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

was carried on the above-described honeycomb base m aterial, and 

the resultant adsorbent was used as “S-3” to carry out Example 

2.  As (S-4), the “S-1” was used at a front, the “S -2” was used 

at a rear, and these were packed (volume ratio of 1 :1) and used 

as the adsorbent to carry out Example 3.  As “S-5”,  the “S-1” 

was used at a front, the “S-3” was used at a rear, and these 

were packed (volume ratio of 1:1) and used as the a dsorbent to 

carry out Example 4.  Further, in addition to the 

above-described examples, a treatment was performed  as “S-6” 

in an unpacked state without using an adsorbent, an d this 

treatment constitutes Reference Example 1. 

[0036] The ultrafine particles used above were each  

prepared in the manner as described below.  With re spect to the 

preparation of the ultrafine particle of the oxide of Co, which 

constitutes “S-2”, firstly, an aqueous solution of cobalt 

sulfate in which 56.8 parts of cobalt sulfate was d issolved in 

100 parts of water for dissolution was prepared.  N ext, an 

aqueous alkaline solution in which 25 parts of soda  ash was 

dissolved in 100 parts of water for dissolution was  prepared 

as an alkaline solution.  These aqueous solutions w ere dropped 

under stirring into 210 parts of water for precipit ation 

prepared in advance, and the pH after the dropping was adjusted 

to 7 to prepare a precursor of the intended oxide o f Co.  The 

obtained precursor of the oxide of Co was then wash ed with water, 

dried, and then subjected to a heat treatment at 30 0°C to obtain 
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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 BET specific surface area of 100 m 2/g. 

[0037] The ultrafine particle of the complex oxide of Co, 

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

which constitutes “S-3”, was prepared using an aque ous solution 

containing a mixed salt almost in the same manner a s in the 

procedure of preparing “S-2”.  Specifically, the aq ueous 

solution containing a mixed salt was prepared by di ssolving 34.9 

parts of copper sulfate, 44 parts of manganese sulf ate, and 18.3 

parts of cobalt sulfate in 300 parts of water for d issolution.  

The aqueous alkaline solution as a precipitant was prepared by 

dissolving 42.6 parts of caustic soda in 320 parts of water for 

dissolution.  These aqueous solutions were dropped under 

stirring into 270 parts of water for precipitation prepared in 

advance, and the pH after the dropping was adjusted  to 12.5 to 

prepare a precursor of the intended ultrafine parti cle of the 

complex oxide of Co, Mn, and Cu.  In preparing the ultrafine 

particle of the complex oxide of Co, Mn, and Cu, 24  parts of 

hydrogen peroxide diluted to 35% was added for acce lerating the 

oxidation in the liquid phase.  The obtained precur sor was 

washed with water, dried, and then subjected to a h eat treatment 

at 300 °C to obtain the intended ultrafine particle of the complex 

oxide of Co, Mn, and Cu.  The obtained ultrafine pa rticle of 

the complex oxide of Co, Mn, and Cu had a particle diameter of 

0.05 µm and a specific surface area of 200 m 2/g. 

[0038] The adsorbents, “S-2” and “S-3”, were each o btained 

using the cylindrical base material being made of U SY and having 

the same honeycomb structure as in the constitution  of “S-1” 

by carrying the ultrafine particle of the oxide of Co for “S-2” 

and the ultrafine particle of the complex oxide of Co, Mn, and 

Cu for “S-3”, each obtained in the manner as descri bed above, 

on the base material.  The adsorbents thus obtained , “S-2” and 

“S-3”, were each used in the form as shown in Table  1 to be 

provided for a performance evaluation test.  In Tab le 1, an 

outline of the constitution for each adsorbent used  for the 
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performance evaluation test (purification treatment  test) is 

shown.  In addition, the constitution of the appara tus, the test 

condition, and the like used in the performance eva luation test 

are shown in Table 2.
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[0041] Evaluation test results are shown in Table 3 .  As 

described previously, in the evaluation test, the s imulated 

waste liquid containing 10 ppm of trichlorobenzene was used as 

the object of the treatment, and the purification t reatment was 

performed by adding dissolved ozone into the waste liquid so 

that the dissolved ozone concentration was 15 ppm a nd the mass 

ratio of the dissolved ozone to trichlorobenzene wa s set to be 

1.5.  In the evaluation, the trichlorobenzene conce ntration 

and the ozone concentration in a treated liquid tak en as a sample 

at a part (outlet port part) of the treated liquid discharge 

piping 7 illustrated in Figure 1 were measured to c alculate a 

ratio of the trichlorobenzene concentration at the outlet 

port/the trichlorobenzene concentration at the inle t port and 

a ratio of the O 3 concentration at the outlet port/the O 3 

concentration at the inlet port, thereby determinin g the 

trichlorobenzene removal ratio of and the ozone rem oval ratio, 

and these values are shown in Table 3.  Moreover, t he results 

of Examples and Comparative Examples are relatively  evaluated 

based on the result of Reference Example where the purification 

treatment was performed by only adding dissolved oz one without 

using an adsorbent, and the evaluation results obta ined 

according to the criteria described below are shown  in Table 

3.  That is, a removal ratio of 3 times or more lar ger than the 

removal ratio in Reference Example 1 is rated as Ex cellent, a 

removal ratio of 2.5 times or more larger is rated as Good, and 

a removal ratio of 2 times or more larger is rated as Fair.
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[0043] As shown in Table 3, in the decomposition of  

trichlorobenzene by dissolved ozone, the trichlorob enzene 

removal ratio obtained by using any of “S-1” to “S- 5” greatly 

exceeds a trichlorobenzene removal ratio of 30% obt ained by 

using the unpacked bed of Reference Example 1.  How ever, in the 

decomposition by a high silica zeolite, which is an  

already-known accelerated oxidation method, the upp er limit of 

the trichlorobenzene removal ratio was about 70%.  In terms of 

the trichlorobenzene removal ratio, “S-2” and “S-3”  each being 

a honeycomb carrying an ultrafine transition metal particle 

exhibited a trichlorobenzene removal ratio of 75% a nd 80% 

respectively, and thus the superiority to the conve ntional 

techniques was found.  Further, with respect to par tial packing 

in which a high silica zeolite and two kinds of tra nsition metal 

ultrafine particles are packed, namely, “S-2” or “S -3” is packed 

in a later flow of the high silica zeolite “S-1”, ( S-4) exhibited 

a trichlorobenzene removal ratio of 90%, and “S-5” exhibited 

a trichlorobenzene removal ratio of 95% to find tha t the 

decomposition performance was further improved. 

[0044][Example 5] 

 Purification tests were conducted changing the SV value 

from 1 to 40 [1/h] under the condition of a reactio n temperature 

of 25 °C and a mass ratio of dissolved ozone/trichlorobenz ene 

of 1.5 (w/w), which is the same as the condition in  the previously 

conducted tests, using the adsorbent constitution o f “S-5” 

which exhibited the highest trichlorobenzene remova l ratio in 

the previously conducted evaluation tests.  Evaluat ion was 

conducted using the obtained trichlorobenzene remov al ratios.  

In the adsorbent constitution of “S-5”, “S-1” was d isposed on 

a front side of the flow of a liquid in the adsorbe nt-packed 

bed, and “S-3” was disposed on a rear side so that the volume 

ratio of the two was 1:1.  With respect to the shap e of the 

adsorbent, the adsorbent had a honeycomb structure (plate 

thickness of 0.2 mm, pitch of 2 mm).  As a result, it was 

ascertained that the removal ratio of trichlorobenz ene being 

a harmful substance as the object of the treatment was 90% or 
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more over the whole range of the SV values from 1 t o 40 [1/h] 

as shown in Figure 2, and thus the treatment was pe rformed in 

an extremely high efficiency. 

[0045][Example 6] 

 Purification tests were conducted setting the SV v alue 

to be constant at 10 [1/h], changing the amount of dissolved 

ozone added into trichlorobenzene as the object of the treatment, 

and using, in the same manner as in Example 5, the adsorbent 

constitution of “S-5” which exhibited the highest 

trichlorobenzene removal ratio in the previously co nducted 

evaluation tests.  Specifically, evaluation was con ducted in 

terms of the trichlorobenzene removal ratios obtain ed by 

changing the mass ratio of dissolved ozone/trichlor obenzene 

(w/w) from 0.5 to 3.  As a result, it was ascertain ed that the 

trichlorobenzene removal ratio was 90% or more over  the whole 

range of the mass ratios (w/w) from 1 to 3 as shown  in Figure 

3, and the treatment was performed in an extremely high 

efficiency.  Moreover, it was found that, as shown in Figure 

3, a trichlorobenzene removal ratio of 80% is kept under this 

treatment condition even when the amount of dissolv ed ozone is 

reduced to a mass ratio of dissolved ozone/trichlor obenzene of 

0.7  

[0046][Examples 7 to 10, Comparative Example 2, and  Reference 

Example 2] 

 Tests of treating ammonia with dissolved ozone wer e 

conducted using the test apparatus illustrated in F igure 1 

(however, decomposer layer 6b for decomposing disso lved ozone 

that had leaked was not provided).  The adsorbents used are the 

same as those shown in Table 1, and the test condit ion and the 

like are the same as those shown in Table 2.  That is, in the 

tests of treating ammonia, a simulated waste liquid  containing 

10 ppm of ammonia was used as the object of the tre atment, and 

the purification treatment was performed by adding dissolved 

ozone into the waste liquid so that the dissolved o zone 

concentration was 15 ppm and the mass ratio of the dissolved 

ozone to trichlorobenzene was set to be 1.5.  With respect to 
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the others, the purification treatment was performe d under the 

condition described in Table 2.  Evaluation was con ducted in 

the same manner as in the case of the 

trichlorobenzene-containing waste liquid, and the a mmonia 

concentration and the ozone concentration in the tr eated liquid 

taken as a sample at a part (outlet port part) of t he treated 

liquid discharge piping 7 illustrated in Figure 1 w ere measured 

to calculate the ammonia removal ratio and the ozon e removal 

ratio.  The results are shown in Table 4. 
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[0048] As can be understood from Table 4, in the 

decomposition of ammonia by dissolved ozone, the am monia 

removal ratio obtained by using any of “S-1” to “S- 5” greatly 

exceeded an ammonia removal ratio of 10% obtained b y using the 

unpacked bed of Reference Example 2.  Moreover, in the 

decomposition in the system of Comparative Example 2, which is 

already known as a system that accelerates ozone ox idation, 

using the base material being made of USY and havin g a honeycomb 

structure, the ammonia removal ratio was about 85%,  and a high 

decomposition property is also obtained as shown in  Table 4.  

In contrast, as shown in Table 4, “S-2” and “S-3” e ach being 

a honeycomb carrying a transition metal ultrafine p article 

exhibited an ammonia removal ratio of 88% and 90% r espectively, 

and thus the superiority to the system of Comparati ve Example 

2 using the base material being made of USY and hav ing a honeycomb 

structure in the decomposition of ammonia was ascer tained.  

Further, in Example 9 where “S-4” in which “S-2” wa s packed in 

a later flow of the adsorbent “S-1” of Comparative Example 2 

comprising the base material being made of USY and having a 

honeycomb structure was used as the adsorbent, or i n Example 

10 where “S-5” in which “S-3” was packed in a later  flow of the 

adsorbent “S-1” of Comparative Example 2 comprising  the base 

material being made of USY and having a honeycomb s tructure was 

used as the adsorbent, “S-4” exhibited an ammonia r emoval ratio 

of 95%, and “S-5” exhibited an ammonia removal rati o of 98%, 

and thus it was found that the performance of decom posing 

ammonia by ozone was further improved.  With respec t to the 

evaluation, an ammonia removal ratio of 90% or more  was rated 

as Excellent, and an ammonia removal ratio of 80% o r more was 

rated as Good. 

 

Reference Signs List 

[0049]1: Main Plant 

2: Waste liquid leading-out (supply) piping 

3: Waste liquid transportation pump 

4: Mixer with dissolved ozone 
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5: Dissolved ozone generator 

6: Adsorbent-packed bed 

6a: Adsorbent layer 

6b: Decomposer layer comprising water-soluble oxidi zing agent 

or comprising mixed solution containing water-solub le 

oxidizing agent and dissolved ozone 

6c: Partition 

7: Treated liquid discharge piping 
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CLAIMS 

 

[1] A method for performing a purification treatmen t on a 

harmful substance-containing liquid, the method com prising 

adding and mixing dissolved ozone into a harmful 

substance-containing liquid containing a harmful su bstance, 

thereafter bringing the harmful substance-containin g liquid 

into contact with a transition metal-containing oxi de having 

a BET specific surface area of 80 m 2/g or more, adsorbing ozone, 

and adsorbing a harmful substance, and then allowin g the harmful 

substance-containing liquid to flow to accelerate o xidation of 

the harmful substance by dissolved ozone, thereby p erforming 

a highly efficient oxidative decomposition. 

[2] The method for performing a purification treatm ent on a 

harmful substance-containing liquid according to cl aim 1, 

wherein the transition metal-containing oxide is an  oxide of 

at least one selected from the group consisting of Co, Mn, and 

Cu, or a complex oxide of two or more selected from  the group 

consisting of Co, Mn, and Cu. 

[3] The method for performing a purification treatm ent on a 

harmful substance-containing liquid according to cl aim 1, 

wherein the transition metal-containing oxide is a complex 

oxide of Co, Mn, and Cu, or an oxide of Co. 

[4] The method for performing a purification treatm ent on a 

harmful substance-containing liquid according to an y one of 

claims 1 to 3, wherein the transition metal-contain ing oxide 

is an ultrafine particle formed using a precipitate  produced 

by mixing an aqueous solution of a salt of at least  one metal 

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

aqueous solution of two or more metal salts the met als of which 

are selected from Co, Mn, and Cu with an alkaline s olution. 

[5] The method for performing a purification treatm ent on a 

harmful substance-containing liquid according to an y one of 

claims 1 to 4, wherein the transition metal-contain ing oxide 

has a shape of an ultrafine particle and is carried  on a high 

silica adsorbent in a honeycomb form. 
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[6] The method for performing a purification treatm ent on a 

harmful substance-containing liquid according to an y one of 

claims 1 to 5, the method further comprising: dispo sing a high 

silica adsorbent co-adsorbing the harmful substance  and the 

dissolved ozone on an upstream side or a downstream  side of the 

transition metal-containing oxide with which the ha rmful 

substance-containing liquid is allowed to flow to b e brought 

into contact; bringing the harmful substance-contai ning liquid 

into contact with the high silica adsorbent; and al lowing the 

harmful substance-containing liquid to flow. 

[7] The method for performing a purification treatm ent on a 

harmful substance-containing liquid according to cl aim 5 or 6, 

wherein the high silica adsorbent comprises any mat erial 

selected from the group consisting of a high silica  pentasil 

zeolite, a dealuminized faujasite, and a mesoporous  silicate. 

[8] A harmful substance-containing liquid purificat ion 

treatment apparatus for carrying out the method for  performing 

a purification treatment on a harmful substance acc ording to 

any one of claims 1 to 7, the apparatus comprising:  

 an adsorbent-packed bed comprising at least the 

transition metal-containing oxide disposed therein in a form 

of a single substance or a mixture; 

 a supply piping that supplies a harmful 

substance-containing liquid into the adsorbent-pack ed bed; 

 a dissolved ozone generator that adds dissolved oz one 

into the harmful substance-containing liquid, the d issolved 

ozone generator connected to the supply piping; and  

 a treated liquid discharge piping that discharges a 

treated liquid on which the purification treatment has been 

performed from the adsorbent-packed bed. 

[9] The harmful substance-containing liquid purific ation 

treatment apparatus according to claim 8, wherein t he form of 

a single substance or a mixture of the transition 

metal-containing oxide disposed inside the adsorben t-packed 

bed is any one selected from the group consisting o f an ultrafine 
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particulate powder, a granular form, a pellet form,  a Raschig 

ring form, and a honeycomb form. 

  




