DESCRI PTI ON

Title of Invention

PURIFICATION TREATMENT METHOD OF LIQUID CONTAINING HARMFUL

SUBSTANCE, AND PURIFICATION TREATMENT DEVICE OF LIQ UID
CONTAINING HARMFUL SUBSTANCE FOR CARRYING OUT SAIDMETHOD

Techni cal Field

[0001] The present invention relates to a method fo

performing a detoxification treatment and a detoxif
treatmentapparatusforaliquidcontainingharmful
such as various kinds of organic contaminants, malo
components, and bacteria (hereinafter, referredto
substance-containingliquid),andparticularlytoa

an apparatus for performing a purification treatmen
harmfulsubstance-containingliquid,whereintheef
the detoxification by a treatment with dissolved 0z
anoxidizingagentwith highlevel of safetyisimp
present invention is useful for a water supply or s
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 ¢
harmful substances suchas organic contaminants, th

a treatment making use of biological activity, but
processing speed thereof is slow because it depends
biochemical reaction by a microorganism, in additio
microorganism tank for decomposing the harmful subs
needed,andtheoperation/maintenanceofthemicroo
needs much attention and experience. The decomposi
harmful substance such as an organic contaminant by
microorganismis generally performedthrough oxidat
harmfulsubstanceinanaerobicatmosphere, butin
ofammoniabeingamalodorouscomponentbyadigest
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there remains a problem such as adjustment of pH af
oxidationofammonia,ordisposalofnitricacid.

hand, as one of the methods for performing a detoxi
treatment on water containing harmful substances in
malodorous components such as various kinds of COD
and ammonia in low concentrations, there exists am
performinganoxidativedecompositiontreatmentwit
various proposals have been made in order to improv
efficiency of the treatment. For example, an oxida
treatment method with a mixed solution containing:
water-soluble oxidizing agent such as an oxygen-con
halogenatedcompoundorhydrogenperoxide;anddiss
has been attempted (Patent Literatures 1 and 2), bu
ofreactionbetweenaharmfulsubstanceinalowco

and the water-soluble oxidizing agent or the mixed
containing the water-soluble oxidizing agent and di
ozoneisnotsolarge,andthereforethesingleuse

has not been put into practical use yet. However,
progressesinthe mixed solution containing the wat
oxidizing agentand dissolved ozone, and therefore
smallriskthatthewater-solubleoxidizingagenta

ozone are leftin a treated liquid to affect a huma

that the mixed solution is anticipated to expand th
application as a clean treating agent further in fu
when the mixed solution can be utilized as an oxidi

for treating a harmful substance-containing liquid,
using the mixed solution is expected as a greatly e
treatment method.

[0003] In addition, with respect to the oxidative
decompositiontreatmentof aharmful substance with
ozone,thereareproposalsonahighsilicaadsorbe

a harmful substance and adsorbing ozone for the pur
performing the oxidative decomposition treatment ef
(PatentLiteratures3and4). Further,inrecenty
havebeenproposedamethodandanapparatusforpr
water directly through electrolysis in place of am
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obtainingdissolvedozonethroughdissolutionofan
anditisdescribedthattheobtainedozonewaterc

for decomposition of organic chlorine compounds con
dioxinordisposalofawasteliquid containingdio
Literatures 5 and 6).

Ctation List

Patent Literature

[0004]Patent Literature 1: Japanese Patent Laid-Ope
2008-55312
PatentLiterature2:JapanesePatentLaid-OpenNo.
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 I nvention
Techni cal Probl em

[0005] Under the above-described circumstances, the

present inventors have recognized as follows. That
purification treatment with dissolved ozone is perf
injectingdissolvedozoneintoaharmfulsubstance-
liquid; however, the concentration of a harmful sub
anobjectofthetreatmentinthe harmfulsubstance
liquid is usually extremely low, and therefore auto
dissolvedozoneprogressesbeforedissolvedozonec
to oxidative decomposition of the harmful substance
injection of excessive amount of dissolved ozone gr
exceeding the stoichiometric ratio is needed, which
economical,andfurther,theinjectionoftheexces

of dissolved ozone gives rise to the necessity of p
decompositiontreatmentonextraozoneafterward,w
not economical. Ontop of the above-described poin
thepresentinventorshaverecognizedthatitisof

that the reaction rate of ozone oxidation is not so
althoughthereactionratedependsonthe harmfuls

ozonegas,
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an object of treatment, therefore there is a proble m that the
efficiencyofdetoxificationislow,anditisdiff iculttoput

a purification treatment with dissolved ozone into practical
use unless these problems are not improved.

[0006] Accordingly,anobjectofthe presentinvent ionis
toprovideamethodforperformingapurificationt reatmenton
aharmful substance-containingliquid, by which suc hproblems
oftheconventionaltechniquescanbesolved,anda 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.

Sol ution 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
treatmentonaharmfulsubstance-containingliquid, themethod
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
aBETspecificsurfaceareaof80m 2/gormore,adsorbingozone,
andadsorbingaharmfulsubstance,andthenallowin gtheharmful
substance-containingliquidtoflowtoaccelerateo xidationof
the harmful substance by dissolved ozone, thereby p erforming
a highly efficient oxidative decompaosition.

[0008] Preferredembodimentsofthemethodforperf orming
a purification treatment on a harmful substance-con taining
liquid according tothe presentinventioninclude a sfollows.
The transition metal-containing oxide is an oxide o fatleast
one selected from the group consisting of Co, Mn, a nd Cu, or
acomplexoxideoftwoormoreselectedfromthegr oupconsisting
of Co, Mn, and Cu; the transition metal-containing oxideisa

complexoxideofCo,Mn,andCu,oranoxideofCo;

thetransition



metal-containingoxideisanultrafineparticleof
metal-containing oxide formed usingaprecipitate p
mixing an aqueous solution of a salt of at least on
selectedfromthegroupconsistingofCo,Mn,andC
agueoussolutionoftwoormoremetalsaltsthemet
areselectedfromCo,Mn,andCuwithanalkalines
transition metal-containing oxide has ashape ofan
particleandiscarriedonahighsilicaadsorbent

form; the method further comprising: disposing a hi
adsorbentco-adsorbingtheharmfulsubstanceandth
ozoneonanupstreamsideoradownstreamsideoft
metal-containing oxide with which the harmful
substance-containing liquid is allowed to flow to b
intocontact,bringingtheharmfulsubstance-contai
into contact with the high silica adsorbent, and al
harmful substance-containing liquid to flow; and th
silicaadsorbentcomprisesanymaterialselectedfr
consisting of a high silica pentasil zeolite, a dea
faujasite, and a mesoporous silicate.

[0009] The present invention provides as another

embodimentaharmfulsubstance-containingliquidpu
treatmentapparatusforcarryingoutanyoftheabo
embodimentsaccording to methodfor performingapu
treatmentonaharmfulsubstance,theapparatuscom
adsorbent-packed bed comprising at least the transi
metal-containing oxide disposed thereininaformo
substanceoramixture;asupplypipingthatsuppli
substance-containing liquid into the adsorbent-pack
dissolved ozone generator that adds dissolved ozone
harmful substance-containing liquid, the dissolved
generatorconnectedtothe supplypiping;andatre
dischargepipingthatdischargesatreatedliquido
purification treatment has been performed from the
adsorbent-packed bed.

[0010] Preferred embodiments of the harmful
substance-containing liquid purification treatment
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according to the presentinventioninclude that the
single substance or a mixture of the transition
metal-containing oxide disposed inside the adsorben
bedisanyoneselectedfromthegroupconsistingo
particulate powder, agranular form, a pelletform,

ring form, and a honeycomb form.

Advant ageous Effects of Invention

[0011] According to the method for performing a
purification treatment on a harmful substance-conta
liquid of the present invention, the effective util

ratio of a dissolved ozone-containing mixed solutio
improvedtoenableahigh-processingspeedandhigh
watersupplyorseweragepurificationtreatmentand

or seawater purification in a culture water tank by
adsorbentadsorbingdissolvedozoneefficientlyand
a harmful substance in a treatment of a harmful
substance-containingliquidwithdissolvedozone.

the utilization ratio ofthe dissolved ozone-contai
solution (ratio of dissolved ozone-containing solut
contributingtooxidationorthelike ofharmfulsu
improved, the ability of adsorbing the dissolved
o0zone-containing mixed solution is high, and theref
amountofdissolved ozonethatleakstoatreated|
dischargedissmall,andfurther,theleakageofdi

canbe prevented perfectly by providing alayer of
ozone decomposer such as activated carbon as necess
Moreover,accordingtotheapparatusofthe present

a treatment on a harmful substance-containing liqui
dissolvedozonecanbeperformedefficientlyatal

cost.

Brief Description of Draw ngs
[0012][Figure 1] Figure 1 shows a schematic outline
illustrating one example of a treatment flow inam
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performing a purification treatment according to th
invention.

[Figure 2]Figure 2illustratesagraphshowingar
betweenan SVvalueandaremovalratio oftrichlor
an object of treatment in Example 5.

[Figure 3]Figure 3illustratesagraphshowingar
betweenamassratioofdissolvedozonetotrichlor
anobjectoftreatmentandatrichlorobenzeneremov
Example 6.

Description of Enbodi nments

[0013] The presentinvention willbe describedind
givingpreferredembodimentsaccordingtotheprese

In the method for performing a purification treatme
harmful substance-containing liquid according to th
invention, the basic constitution includes (A) addi
mixing dissolved ozone into a harmful substance-con
liquid,(B)allowingtheresultantmixedliquidto

a packed bed packed with a particular adsorbent ads
dissolved ozone and adsorbing a harmful substance,
detoxifying the harmful substance in the liquid by

of dissolved ozone, and in the basic constitution,

for performing a purification treatment on a harmfu
substance-containingliquidaccordingtothepresen

is characterized in that a transition metal-contain
having a BET specific surface area of 80 m

as the adsorbent.

[0014] Examples of the harmful substance-containing

liquid specified as an object of the treatmentint
invention include wastewater in which a measured va
harmful substance shows a high value corresponding
(chemical oxygen demand) regulation value specified
Environmental Agency, and water in a culture tank i
ammoniaorthelikebeingamalodoroussubstanceis

[0015] As the dissolved ozone-containing mixed solu

generator (ozonizer) for supplying dissolved ozone
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the presentinvention, any of publicly known silent
type, ultraviolet lamp type, and water electrolysis
ozonizers,andarecentlyproposedozonizerthatpr
water directly through electrolysis can be applied.
method of adding dissolved ozone into a harmful
substance-containingliquid,amethodofmixingdis
intoaharmful substance-containingliquidasanob
treatmentby sucking dissolved ozone into an ejecto

on an upstream side and a method of injecting disso
intoaharmful substance-containingliquidthrough
contact by generating micro bubbles by a diffuser p
gas-phaseozoneinsertedintoaliquidphasearege

The amount of dissolved ozone to be added may be se
appropriately according to the kind, concentration,
like of the harmful substance in the harmful
substance-containing liquid as the object of treatm

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

of the harmful substance in usual treatments of con
water or liquid which have been conventionally perf
[0016] The adsorbent for use in the present inventi
anadsorbentadsorbingdissolvedozoneandadsorbin
substance,andamongsuchadsorbents,theadsorbent
the present invention is characterized in that it i
transitionmetal-containingoxidehavingaBETspec
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areof 80 m  ?/g or more. Examples of the preferred adsorbent

for use in the present invention include a transiti
metal-containing oxide ofatleastone selectedfro
consistingof Co, Mn, and Cu, oracomplexoxide of
selected from the group consisting of Co, Mn, and C
ultrafine particle is particularly preferable.

[0017] Asdescribed previously, itis already known
the efficiency of the oxidative decomposition treat
harmfulsubstancewithdissolvedozonecanbeimpro

a high silica adsorbent adsorbing a harmful substan
adsorbing ozone. The present inventors have conduc
diligent studies recognizing that even such a conve
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technique is not sufficient, and further improvemen
efficiency of the oxidative decomposition treatment
harmfulsubstancewithdissolvedozonearedesired
theconventionaltechniqueintopracticaluse,and,
havereachedthepresentinvention. Specifically,
inventorshavefoundthatthereactionrate ofozon

is accelerated to make detoxification efficient by
“transition metal-containing oxide having a BET spe
surfaceareaof80m
invention, and have thereby achieved the present in
Further, since the transition metal-containing oxid
suitable for the present invention is an ultrafine

the transition metal-containing oxide can be easily

the high silica adsorbent which is proposed in conv
techniques and which adsorbs a harmful substance an
ozone, and it has been ascertained that further imp

inthe efficiency of the oxidative decomposition tr

a harmful substance with dissolved ozone can be ach
constituting the method accordingtothe presentin

this way.

[0018] The present inventors consider as follows wi
respect to the reason that the improvement of the e
oftheoxidativedecompositiontreatmentofaharmf

with dissolved ozone can be achieved by using a “tr
metal-containing oxide having a BET specific surfac

80 m 2/g or more”, which characterizes the present invent
Itisconsideredthatthetransitionmetal-containi

use in the present invention functions as an adsorb
adsorbsdissolvedozoneandaharmfulsubstancesim
further, ozone and the harmful substance are concen

the adsorbent, and ozoneis adsorbed without being

in the crystal (or amorphous) structure of the adso

that the effect of efficiently performing oxidative
decomposition onthe harmful substance is exhibited
way,theadsorbentthatcharacterizesthepresenti

a high BET specific surface area, as high as 80 m
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andhasalarge numberofadsorptionsites, making
torealizeahighcapabilityofadsorbingozonefro
ozoneinaliquid,andbesides,dissolvedozoneits
beenadsorbedhasalowdecompositionratioinami
andtheadsorbentthatcharacterizesthepresentin

has a property of adsorbing the harmful substance,

stable treatment of the harmful substance through o
oxidation in a liquid phase can be performed.

[0019] Hereinafter, a transition metal-containing o

of at least one selected from the group consisting
andCu,oracomplexoxideoftwoormoreselected

consisting of Co, Mn,and Cu, whichisusefulasth

that characterizes the present invention, will be d
Specifically, description will be made takingacom

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

as examples.

[0020] The complex oxide of Co, Mn, and Cu, which i
suitable forthe presentinvention, is preferably p

the wet process described below. The complex oxide
bysuchamethodbecomesanultrafineparticlehavi

particle diameter of 0.1
area thereof easily becomes 80 m
agueoussolutionofasaltofCo,ofasaltofMn,
ofCu,andanaqueousalkalinesolutionareprepare
agueoussolutionsaredroppedintoanaqueousmediu

a coprecipitate of respective metals. Next, the ob
coprecipitate is subjected to filtration, washed wi

dried, and is then subjected to heat treatment in a

100 to 500 °C, and thus the intended ultrafine particulate
complex oxide containing Co, Mn, and Cu can be obta

the salt of each metal for use in the preparation o

solutions of respective metal salts to be used abov
commerciallyavailablemetalsaltscanbeused,and

sulfates, nitrates, chlorides, and the like can be

addition, as the alkali for use in the above-descri
preparation ofthe aqueous alkaline solution, gener
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such as caustic soda, soda ash, and sodium bicarbon
used. With respectto the ratio of each metalto b

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

Mn, and a range of 25 to 45 mol% for Cu are suitabl
ofamolarratiorelativetothetotalmolesofres

In addition, with respectto the concentration of t
solution of each metal salt, a range of approximate
approximately 50% by mass is appropriate.

[0021] Withrespecttothe precipitation condition,
the precipitation pH is adjusted in a pH range wher
transition metal precipitates, a fine precipitate c
deposited, and the pH in a range of approximately 5
approximately 14 is suitable. In addition, accordi
studies conducted by the present inventors, the rea
property duringthe heattreatmentin alater step
tobeadvantageousbyacceleratingthe oxidationin
phase in depositing the precipitate. Therefore, bu
through aeration and addition of an oxidizing agent
effective. As the oxidizing agent that can be used
above-describedpurpose,sodiumchlorate,sodiumhy
potassium salts thereof, hydrogen peroxide, and the
beused. Theshape ofthe precipitate obtainedabo

to an amorphous shape, but a heat treatment is effe
stabilizing the properties, and a range of 100 to 5
preferable as the heat treatment temperature. Iti
preferable that the heat treatment temperature is t
because the specific surface area of the oxide part
obtained decreases to reduce the number of adsorpti
so that the treatment ability of the oxide patrticle
obtained is lowered when the oxide particle is used
purification of a harmful substance-containing liqu
complex oxide of Co, Mn, and Cu obtained in the man
describedabove preferablyhasanaverageparticle

0.1 pmorless. The BET specific surface areais desira
nt/g or more, further desirably 100 m
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[0022] Next, preparation of the oxide of Co will be
described, but is basically similar to the above-de
preparationofthecomplexoxide. Firstly,anaque
ofasaltofametalof Coandanaqueousalkaline
prepared, and these aqueous solutions are dropped i
agueous medium to deposit a precipitate of Co. Nex
obtained precipitate is subjected to filtration, wa
water, dried, and is then subjected to a heat treat
range of 100 to 800 °C to obtain the intended ultrafine
particulate oxide containing Co. Asthesaltofa
foruseinthepreparationoftheoxideofCo,any

available metal salts can be used, and sulfates, ni
chlorides,andthelikecanbeused. Inaddition,
tobeused,generalalkalissuchascausticsoda,s
sodium bicarbonate can be used. Inaddition, with

the concentration of the metal salt, arange of app

5 to approximately 50% by mass is suitable. With r
the precipitation condition, when the precipitation
adjustedinapHrangewhereametal of Coprecipit
precipitate can be deposited, and the pH in a range
approximately 5to approximately 14 is appropriate.
oftheobtainedprecipitateisclosetoanamorphou
partoftheobtainedprecipitateiscrystallized,a
aheattreatmentis effective for stabilizing the p

scribed
oussolution
solutionare
nto an
t, the
shed with
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metal of Co
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espect to
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andarange of100to800 °Cispreferableasthe heattreatment

temperature. It is not preferable that the heat tr
temperature is too high because the specific surfac
theoxideparticletobeobtaineddecreasestoredu
ofadsorptionsites,sothatthetreatmentability

particle to be obtained is lowered when the oxide p
usedforpurificationofaharmfulsubstance-contai

The oxide of Co obtained in the manner as described
preferably hasanaverage particle diameterof0.1

The BET specific surface area is desirably 80 m
further desirably 100 m 2/g or more.
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[0023]
oxideforuseinthe presentinventioncanalsobe

a so-called “dry-mixing method” in which oxides, ca
basic carbonates, and oxalates of respective metals
combinedanddry-mixed,andtheresultantmixturei

when the BET specific surface area of the transitio
metal-containing oxide is not taken into considerat
However, the mixed raw material of the oxides and t

the respective metals has a large primary particle
sothattheparticlediameterofapowderobtained
firingafterthe dry-mixingislimitedtosub-micro

the smallest, and the oxide having a particle diame
sub-micron meters or lessis hard to produce. Ther
powder has a specific surface area of about several

a small number of adsorption sites, so that a trans
metal-containing oxide having a BET specific surfac

80 m 2 or more specified in the present invention cannot
produced. In contrast, from the transition metal-c

oxide obtained by the above-described “wet process”
ultrafine particle having a particle diameter of O.

The above-described transition metal-contain

pum, for example, having a particle diameter of about
is obtained, and, according to circumstances, the t
metal-containing oxide having a specific surface ar
exceedingl00m
and therefore the transition metal-containing oxide
bytheabove-describedwetprocessisextremelyuse

method for performing a purification treatment on a
substance-containing liquid according to the presen
invention.

[0024] The present inventors have found in conducti
tests of adsorbing dissolved ozone that the above-d
particularadsorbentadsorbsdissolved ozone effici

besides, the harmful substance as an object of trea

be detoxified by adsorbed ozone in a highly efficie

and the present invention is based on the finding.

when a mixed solution containing a harmful substanc
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dissolved ozone is allowed to flow in the presence
adsorbentcomprisingatransition metal-containing
characterizesthe presentinventiontomakethemix
and the adsorbent coexist, dissolved ozone and the
substanceinthemixedsolutionareadsorbedtothe
so that the oxidative decomposition of the harmful
in the mixed liquid by ozone obtained through the a
of dissolved ozone progresses efficiently to obtain
remarkable effect according to the present inventio
[0025] When an accelerated reaction of ammonia by
dissolved ozone is taken as an example, the oxidati
decompositionmechanismasdescribedbelowispossi
the present invention is not limited to the oxidati
decomposition mechanism.
The oxidative decomposition reaction in a liquid p
bydissolvedozoneinaliquidprogressesindirect
tothe productofthe dissolved ozone concentration
solution[O s]andthe harmfulsubstance concentration[NH
[O3] INH4OH]. On the other hand, in an adsorbent phase that
constitutes the present invention, dissolved ozone
harmfulsubstanceareadsorbedselectivelyandsimu
and therefore the dissolved ozone concentration [O
harmful substance concentration [NH
reachatalevelthatisabout10toabout100time
thoseinamereliquidphasewheretheadsorbentdo
Accordingly, the product [O
adsorbentisanticipatedtoreachatalevelabout
10000 times larger than that in the liquid phase.
[0026] In addition, as a strong point that should b
mentioned specially in the present invention, HNO
whichareproducedintheconventionaloxidativede
of NH 4OH using a digesting bacterium, are hardly produced
the NH 4OH-G; reaction on the transition metal particulate
material that characterizes the present invention.
Thatis,itisconsideredthatthereactionbetwee
and ammonia on the adsorbent that characterizes the
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invention is constituted from at least one of (1) t o (4)

describedbelow. Accordingtostudiesconductedby thepresent
inventors, in the method for performing a purificat ion
treatment according to the present invention, it ha s been
ascertainedthattheselectivityofreactionexists intheorder
of (1), (2)>>(3),(4),andHNO sand HNO ;are hardly produced.

(1):NH 4OH+560 3 - 12N ,+52H 5,0
(2):2NH 4OH+7/30 3 - 2NO +5H ,0
(3:NH 4OH+4/30 3 - HNOs+2H ,0
(4:NH 4OH+03; - HNO, + 2H ,0

[0027] The adsorbent that characterizes the present
inventioncanbeusedsinglyorinaformofamixt ureaccording
tothe purpose ofthe use, and, forexample, can be usedasit
isas an ultrafine particle. Alternately, the adso rbentthat
characterizesthepresentinventioncanbeusedby beingmolded
intoanarbitraryshapesuchasagranularform,a pelletform,

a Raschig ring form, or a honeycomb form. For exam ple, itis
preferable that the constitution be suchthattheh ighsilica
adsorbent which is used in conventional techniques, which
adsorbsozone,andwhichadsorbsaharmfulsubstanc eisshaped
intoahoneycombform,andtheultrafine particulat e powderof
the transition metal-containing oxide obtained as d escribed
above is carried on the resultant high silica adsor bent.
[0028] Theamountoftheadsorbentthatcharacteriz esthe
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-containinghalogenatedcompoundorhydrogen peroxideis
used together with dissolved ozone is used, the amo untofthe
adsorbentto be usedisabout 1toabout250 (1/h) interms of
an SV value being a flow rate per 1 m 3 of the adsorbent [m 3/n]
underconditionsof1to1000ppm(w/w)ofausual 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
characterizesthe presentinventionisdifferentac cordingto

15



the purpose ofthe use, butexhibitsanextremely h

ratio, as high as 80% or more as will be described
[0029] According to the studies conducted by the pr
inventors, in the liquid phase, dissolved ozone fre
decomposes without contributing to detoxification d
collision with a third substance other than the har
substance, and therefore there has been a limit to
efficiency of detoxification by dissolved ozone. H

the detoxification treatment, which has been enable
the adsorbent that characterizes the present invent
harmful substance with dissolved ozone at the surfa
adsorbent, dissolved ozone and the harmful substanc
selectively adsorbed to the adsorbent, and therefor
probability of the decomposition of dissolved ozone
collision with the third substance is greatly reduc
dissolvedozoneisconsumedselectivelyandefficie
detoxification of the harmful substance.

[0030] Intheconventionalmethodsinwhichtheeff
of the detoxification treatment of a harmful substa
liquid phase is poor (for example, treatment making
biological activity with digesting bacterium), the

an apparatus is large, so that there has always bee
that the activity of a digesting bacterium is consi
lowered by the variation in aliquid composition an
ofacompetitivemicroorganism,andneedsforimpro

and maintainability has been strong. The treatment
wastewaterthroughthehomogeneousliquidphaserea
oxidation reaction in a solution containing a water
oxidizing agent for harmful substances orin a mixe
containing the water-soluble oxidizing agent and di
ozone, whichis previously taken as aconventional

has an extremely low efficiency, and therefore has
adopted singly, but has been adopted as a general |
treatmentin treatments making use of biological ac

the purpose of reducing COD components. However, s
installmentfor atreatment making use of biologica
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on an upstream has not been adopted because there i
thatdeteriorationinperformanceofabiologically

due to dissolved ozone that has leaked. In contras
method for performing a purification treatment on a
substance-containingliquidaccordingtothepresen
dissolved ozone which is unreacted is retained in a
beingadsorbedtotheadsorbentthatcharacterizes
invention, so that there is little risk of leakage

flow, and according to the studies conducted by the
inventors, the concentration of dissolved ozone tha
1/10 times or less of the concentration in the conv
techniques, so that a decomposer layer for decompos
dissolved ozone that leaks is not necessarily provi
[0031] However, even in the present invention, a
decomposerlayerfordecomposingdissolvedozoneth
preferablyprovidedatatreatedliquidoutletport
adsorbent-packed bed for performing a detoxificatio
(purification) treatmentwith dissolved ozoneas a

the case where a large amount of dissolved ozone is
sterilizationorthe like ofaparticularbacterium

case where dissolved ozone which is unreacted leaks
reason or other. By constituting the adsorbent-pac
thisway, dissolved ozonewhichisunreacted canbe
surely. Examplesofthedecomposer,whichisused

for the dissolved ozone-containing mixed solution i
consumable type adsorbents, such as activated carbo
alumina-basedcompound,whichareoxidizedintoCO
into contact with dissolved ozone that has leaked.

be noted that the decomposer layer may be provided
outletportpartoftheadsorbent-packedbed,orma
separatelyoutsidethepackedbed. Inthemethodf

a purification treatment on a harmful substance-con
liquid according to the present invention, the conc

of dissolved ozone thatleaks is low as described p
andtherefore the frequency of exchanging dissolved
begreatlyprolongedsuchthatitbecomesabout10
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thanthatinthe conventionaltechniquestomakean
treatment possible.

[0032] Itistobe notedthat, ifnecessary, afilt
material layer for removing dust in a liquid on the
sideofaninjectionpointwherethedissolvedozon
mixedsolutionisinjectedintoaharmfulsubstance

liquid and/or the later flow side of an adsorption
(adsorbent-packed bed) for the dissolved ozone-cont
mixed solution. Whether to install the filtration

layer or not, the position of the filtration materi

and the like may be determined appropriately accord
status of the apparatus, the characteristics of the
substance-containing liquid, and the like.

[0033] Next, the treatment apparatus according to t
present invention will be described with reference
accompanyingdrawings. Figurelshowsoneexample
substance-containingliquidtreatmentflowinwhich

for performing a purification treatment on a harmfu
substance-containingliquidaccordingtothepresen

is applied to a treatment of waste liquid from indu
wastewater. In Figure 1, a harmful substance-conta
liquidfromamainplantlisfedintoamixer4wh
substance-containing liquid is mixed with dissolved
through awaste liquid leading-out piping 2 by awa
transportation pump 3, and ozone from an ozone gene
injected into the harmful substance-containing liqu
introduced into the adsorbent-packed bed 6 as disso
0zone-containing wastewater. In the adsorbent-pack
aparticularadsorbentthatcharacterizestheprese

is packed, the harmful substance and dissolve ozone
introduction liquid are co-adsorbed to the adsorben
harmful substance reacts in a state of being in a h
concentration to be subjected to oxidative decompos
ozone. Usually,theleakage ofdissolvedozoneint
liquid on which the treatment has been performed an
discharged from a treated liquid discharge piping 7
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occur, but, if necessary, a layer of a dissolved 0z
decomposer such as activated carbon may be provided
outletportsideinsidetheadsorbent-packedbed6

flow of the adsorbent-packed bed 6. It is to be no
Figure 1 illustrates an example in which a dissolve
decomposer layer 6b is provided on the treated liqu
portsideoftheadsorbentlayer6ainsidetheadso

bed 6 through a partition 6¢. The dissolved ozone
layer 6b comprises a water-soluble oxidizing agent,
comprisesamixedsolutioncontainingawater-solub
agent and dissolved ozone.

Exanpl es

[0034] Hereinafter, the present invention will be
describedinmoredetailgivingeExamples,Comparati

and Reference Examples. In the description, “parts
are on a mass basis unless otherwise noticed.
[Examples1to4,Comparative Example 1,andRefere
1J;

A test of performing a purification treatment with
dissolved ozone ontrichlorobenzeneinaliquid was
usingatestapparatusintheflowchartillustrate
1(however,decomposerlayer6bfordecomposingdis
that had leaked was not provided). Adsorbents used
in Table 1. In addition, the constitution of the a
test conditions, and the like are shown in Table 2.
Specifically, a purification treatment was performe
simulated waste liquid containing 10 ppm of trichlo
setting the massratio of dissolved ozone totrichl
to be 1.5. The trichlorobenzene concentration and
dissolved ozone concentrationineachtreated liqui
a sample at a part of the treated liquid discharge
illustrated in Figure 1 were measured, and each mea
result is shown in Table 3 as concentration at outl
[0035] Asthe adsorbent, 5 types of adsorbents of S
S-5describedbelowwereused. As“S-1",onlyaba
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made ofUltra-Stable Y-type Zeolite (hereinafter,a
asUSY)(ratioofSiO
the base material having a honeycomb structure, was
carry out Comparative Example 1. The honeycomb str
aplate thickness of 0.2 mm and a pitch of 2mm, an
oftheadsorbentwascylindrical. Anultrafinepar
oxideofCo(particlediameterof0.02

material,andtheresultantadsorbentwasusedas*
outExamplel. Anultrafineparticleofacomplex
Mn,andCu(compositionofCo:Mn:Cu=0.2:0.7:0.4(
wascarriedontheabove-describedhoneycombbasem
theresultantadsorbentwasusedas“S-3"tocarry

2. As(S-4),the“S-1"wasusedatafront,the“S
atarear,andthesewere packed(volumeratioofl

as the adsorbent to carry out Example 3. As“S-5",
was used at a front, the “S-3” was used at a rear,
were packed (volumeratioof1:1)andusedasthea
carry out Example 4. Further, in addition to the
above-described examples, a treatment was performed
in an unpacked state without using an adsorbent, an
treatment constitutes Reference Example 1.

[0036] The ultrafine particles used above were each
preparedinthemannerasdescribedbelow. Withre
preparationoftheultrafineparticleoftheoxide
constitutes “S-2”, firstly, an aqueous solution of
sulfateinwhich56.8 parts of cobaltsulfatewasd

100 parts of water for dissolution was prepared. N
aqueous alkaline solution in which 25 parts of soda
dissolved in 100 parts of water for dissolution was
asanalkalinesolution. Theseaqueoussolutionsw
under stirring into 210 parts of water for precipit
preparedinadvance,andthepHafterthedropping

to 7 to prepare a precursor of the intended oxide o
obtainedprecursoroftheoxideofCowasthenwash
dried,andthensubjectedtoaheattreatmentat30
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the intended ultrafine particle of the oxide of Co. The
obtained ultrafine particle of the oxide of Co had aparticle
diameterof0.02 umandaBET specificsurfaceareaof100m 2/g.
[0037] The ultrafine particle ofthe complexoxide ofCo,
Mn,andCu(compositionofCo:Mn:Cu=0.2:0.7:0.4( molarratio),
whichconstitutes“S-3”",waspreparedusinganaque oussolution
containing a mixed salt almost in the same manner a sin the
procedure of preparing “S-2”. Specifically, the aq ueous
solutioncontainingamixedsaltwaspreparedbydi ssolving34.9
partsofcoppersulfate,44partsofmanganesesulf ate,and18.3
partsof cobaltsulfatein 300 parts ofwaterford issolution.
Theaqueousalkaline solutionasaprecipitantwas preparedby
dissolving42.6partsofcausticsodain320parts ofwaterfor
dissolution. These aqueous solutions were dropped under
stirringinto 270 parts ofwaterfor precipitation preparedin
advance, andthe pH afterthe dropping was adjusted tol2.5to
prepare a precursor of the intended ultrafine parti cle ofthe
complex oxide of Co, Mn, and Cu. In preparing the ultrafine
particle of the complex oxide of Co, Mn, and Cu, 24 parts of
hydrogenperoxidedilutedto35%wasaddedforacce leratingthe
oxidation in the liquid phase. The obtained precur sor was
washedwithwater,dried,andthensubjectedtoah eattreatment
at300 °Ctoobtaintheintendedultrafineparticleofthe 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 pm and a specific surface area of 200 m 2/g.

[0038] Theadsorbents,“S-2"and“S-3",wereeacho btained
usingthecylindricalbasematerialbeingmadeofU SYandhaving
the same honeycomb structure as in the constitution of “S-1”
bycarryingtheultrafine particle ofthe oxide of Cofor“s-2”
andthe ultrafine particle ofthe complex oxide of Co,Mn,and
Cufor*“S-3”, each obtained in the manner as descri bed above,
onthebasematerial. Theadsorbentsthusobtained ,“S-2"and
“S-3”, were each used in the form as shown in Table 1to be
provided for a performance evaluation test. In Tab le 1, an
outline of the constitution for each adsorbent used for the

21



performance evaluation test (purification treatment test) is
shown. Inaddition,theconstitutionoftheappara tus,thetest

condition,andthelikeusedintheperformanceeva luationtest
are shown in Table 2.

22
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[0041] Evaluation test results are shownin Table 3
described previously, in the evaluation test, the s

waste liquid containing 10 ppmoftrichlorobenzene
theobjectofthetreatment,andthepurificationt

performed by adding dissolved ozone into the waste
thatthe dissolved ozone concentrationwas 15ppma
ratioofthe dissolved ozonetotrichlorobenzenewa

1.5. In the evaluation, the trichlorobenzene conce
andtheozoneconcentrationinatreatedliquidtak

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

piping 7 illustrated in Figure 1 were measuredtoc

ratio of the trichlorobenzene concentration at the
port/thetrichlorobenzene concentrationattheinle

a ratio of the O
concentration at the inlet port, thereby determinin

3 concentration at the outlet port/the O

trichlorobenzeneremovalratioofandtheozonerem
and these values are shownin Table 3. Moreover, t
of Examplesand Comparative Examples arerelatively
basedontheresultofReferenceExamplewherethe
treatmentwasperformedbyonlyaddingdissolvedoz
using an adsorbent, and the evaluation results obta
according to the criteria described below are shown
3. Thatis,aremovalratioof3timesormorelar
removal ratio in Reference Example 1israted as Ex
removalratioof2.5timesormorelargerisrated

a removal ratio of 2 times or more larger is rated
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[0043] As shown in Table 3, in the decomposition of
trichlorobenzene by dissolved ozone, the trichlorob
removal ratio obtained by using any of “S-1"to “S-
exceeds a trichlorobenzene removal ratio of 30% obt
usingtheunpackedbedofReferenceExamplel. How
decomposition by a high silica zeolite, which is an
already-knownacceleratedoxidationmethod,theupp
thetrichlorobenzeneremovalratiowasabout70%.
thetrichlorobenzeneremovalratio,“S-2"and"“S-3"
a honeycomb carrying an ultrafine transition metal
exhibited a trichlorobenzene removal ratio of 75% a
respectively, and thus the superiority to the conve
techniqueswasfound. Further,withrespecttopar
inwhichahighsilicazeoliteandtwokindsoftra
ultrafineparticlesarepacked,namely,”S-2"or‘S
inalaterflowofthehighsilicazeolite*S-1",(
atrichlorobenzene removal ratio of 90%, and “S-5"
a trichlorobenzene removal ratio of 95% to find tha
decomposition performance was further improved.
[0044][Example 5]

Purificationtests were conducted changing the SV
from1to40[1/h]Jundertheconditionofareactio
of 25 °C and a mass ratio of dissolved ozone/trichlorobenz
ofl.5(w/w),whichisthesameastheconditionin
conducted tests, using the adsorbent constitution o
which exhibited the highesttrichlorobenzene remova
the previously conducted evaluation tests. Evaluat
conductedusingtheobtainedtrichlorobenzeneremov
Inthe adsorbent constitution of “S-5", “S-1"was d
a front side of the flow of a liquid in the adsorbe
bed, and “S-3" was disposed on arear side so that
ratio of the two was 1:1. With respect to the shap
adsorbent, the adsorbent had a honeycomb structure
thickness of 0.2 mm, pitch of 2 mm). As a result,
ascertained that the removal ratio of trichlorobenz
a harmful substance as the object of the treatment

27

enzene
5" greatly
ained by
ever,inthe

erlimitof
Intermsof
eachbeing
particle
nd 80%
ntional
tialpacking
nsitionmetal
-3"ispacked

S-4)exhibited

exhibited
t the

value
ntemperature

ene
thepreviously

f“S-5”
Iratioin
ion was
alratios.
isposedon
nt-packed
the volume
e of the
(plate
it was
ene being
was 90% or



more over the whole range of the SV values from 1 t
as shownin Figure 2, and thus the treatment was pe
an extremely high efficiency.

[0045][Example 6]

Purification tests were conducted setting the SV v
to be constant at 10 [1/h], changing the amount of
ozoneaddedintotrichlorobenzeneastheobjectof
and using, in the same manner as in Example 5, the
constitution of “S-5" which exhibited the highest
trichlorobenzene removal ratio in the previously co
evaluation tests. Specifically, evaluation was con
terms of the trichlorobenzene removal ratios obtain
changing the mass ratio of dissolved ozone/trichlor
(w/w)from0.5t0 3. Asaresult,itwas ascertain
trichlorobenzene removal ratio was 90% or more over
range of the mass ratios (w/w) from 1 to 3 as shown
3, and the treatment was performed in an extremely
efficiency. Moreover, it was found that, as shown
3, atrichlorobenzene removal ratio of 80% is kept
treatmentconditionevenwhentheamountofdissolv
reducedtoamassratioofdissolvedozone/trichlor
0.7
[0046][Examples 7 to 10, Comparative Example 2, and
Example 2]

Tests of treating ammonia with dissolved ozone wer
conducted using the test apparatus illustrated in F
(however,decomposerlayer6bfordecomposing disso
thathadleakedwasnotprovided). Theadsorbents
same asthose showninTable 1, and the testcondit
like are the same as those shown in Table 2. That
testsoftreatingammonia,asimulatedwasteliquid
10 ppmofammoniawas used asthe objectofthetre
the purification treatment was performed by adding
ozone into the waste liquid so that the dissolved o
concentration was 15 ppm and the mass ratio of the
ozoneto trichlorobenzene was setto be 1.5. With
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theothers,thepurificationtreatmentwasperforme
condition described in Table 2. Evaluation was con
the same manner as in the case of the
trichlorobenzene-containing waste liquid, and the a
concentrationandtheozoneconcentrationinthetr
taken as a sample at a part (outlet port part) of t
liquiddischargepiping7illustratedinFigurelw

to calculate the ammonia removal ratio and the ozon
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
removal ratio obtained by using any of “S-1"to “S-
exceededanammoniaremovalratio of 10% obtained b
unpacked bed of Reference Example 2. Moreover, in
decompositioninthe systemofComparative Example
already known as a system that accelerates ozone ox
usingthebasematerialbeingmadeofUSYandhavin
structure,theammoniaremovalratiowasabout85%,
decomposition property is also obtained as shown in

In contrast, as shown in Table 4, “S-2" and “S-3" e

a honeycomb carrying a transition metal ultrafine p
exhibitedanammoniaremovalratioof88%and90%r

and thus the superiority to the system of Comparati
2usingthebasematerialbeingmadeofUSYandhav
structure in the decomposition of ammonia was ascer
Further, in Example 9where “S-4"inwhich“S-2"wa

a later flow of the adsorbent “S-1" of Comparative
comprising the base material being made of USY and
honeycomb structure was used as the adsorbent, ori
10where“S-5"inwhich“S-3"was packedinalater
adsorbent “S-1" of Comparative Example 2 comprising
materialbeingmadeofUSYandhavingahoneycombs
usedastheadsorbent,“S-4"exhibitedanammoniar

of 95%, and “S-5" exhibited an ammonia removal rati
and thus it was found that the performance of decom
ammonia by ozone was further improved. With respec
evaluation, an ammonia removal ratio of 90% or more
as Excellent, and an ammonia removal ratio of 80% o
rated as Good.

Ref erence Si gns Li st

[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: Decomposerlayercomprisingwater-soluble oxidi
or comprising mixed solution containing water-solub
oxidizing agent and dissolved ozone

6c: Partition

7: Treated liquid discharge piping
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CLAI M5

[1] A method for performing a purification treatmen
harmful substance-containing liquid, the method com
adding and mixing dissolved ozone into a harmful
substance-containing liquid containing a harmful su
thereafter bringing the harmful substance-containin
into contact with a transition metal-containing oxi
aBETspecificsurfaceareaof80m
andadsorbingaharmfulsubstance,andthenallowin
substance-containingliquidtoflowtoaccelerateo

the harmful substance by dissolved ozone, thereby p
a highly efficient oxidative decompaosition.

[2] The methodforperforming a purification treatm
harmful substance-containing liquid according to cl
wherein the transition metal-containing oxide is an
atleastone selected fromthe group consisting of

Cu, or acomplex oxide of two or more selected from
consisting of Co, Mn, and Cu.

[3] The methodforperforming a purification treatm
harmful substance-containing liquid according to cl
wherein the transition metal-containing oxide is a
oxide of Co, Mn, and Cu, or an oxide of Co.

[4] The methodfor performing a purification treatm
harmful substance-containing liquid according to an
claims 1 to 3, wherein the transition metal-contain

is an ultrafine particle formed using a precipitate

by mixing an aqueous solution of a salt of at least
selectedfromthegroupconsistingofCo,Mn,andC
agueoussolutionoftwoormoremetalsaltsthemet

are selected from Co, Mn, and Cu with an alkaline s
[5] The methodforperforming a purification treatm
harmful substance-containing liquid according to an
claims 1 to 4, wherein the transition metal-contain
has a shape of an ultrafine particle and is carried
silica adsorbent in a honeycomb form.
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[6] The methodforperforming a purification treatm
harmful substance-containing liquid according to an
claims 1to5,the methodfurthercomprising: dispo
silica adsorbent co-adsorbing the harmful substance
dissolvedozoneonanupstreamsideoradownstream
transition metal-containing oxide with which the ha
substance-containing liquid is allowed to flow to b
intocontact;bringingtheharmfulsubstance-contai
into contact with the high silica adsorbent; and al
harmful substance-containing liquid to flow.
[7] The methodfor performing a purification treatm
harmfulsubstance-containingliquidaccordingtocl
wherein the high silica adsorbent comprises any mat
selected from the group consisting of a high silica
zeolite,adealuminized faujasite,and amesoporous
[8] A harmful substance-containing liquid purificat
treatmentapparatusforcarryingoutthe methodfor
a purification treatment on a harmful substance acc
any one of claims 1 to 7, the apparatus comprising:
an adsorbent-packed bed comprising at least the
transition metal-containing oxide disposed therein
of a single substance or a mixture;
a supply piping that supplies a harmful
substance-containing liquid into the adsorbent-pack
a dissolved ozone generator that adds dissolved oz
into the harmful substance-containing liquid, the d
0zone generator connected to the supply piping; and
a treated liquid discharge piping that discharges
treated liquid on which the purification treatment
performed from the adsorbent-packed bed.
[9] The harmful substance-containing liquid purific
treatment apparatus accordingto claim 8, whereint
a single substance or a mixture of the transition
metal-containing oxide disposed inside the adsorben
bedisanyoneselectedfromthegroupconsistingo
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particulate powder, agranular form, a pelletform, aRaschig
ring form, and a honeycomb form.
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