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SPECI FI CATION TI TLE OF THE | NVENTI ON CATALYST FOR
WASTEWATER TREATMENT AND METHOD FOR WASTEWATER 5
TREATMENT USI NG SAI D CATALYST BACKGROUND OF THE

I NVENTION Field of the Invention: The present
invention relates to a catalyst for 10 wastewater

treatment and a nmethod fappwetrexirdati on treatment  of
wast ewat er using the catalyst. In particular, the
catal yst of the present invention can suitably be

used in wet oxidati t . ter, under

hi gh-tenperature an3RHW¥%ﬁﬁ%E§giUﬂbnﬁgﬁ%ﬁ¥?ons. 15
DesalApiSanFoR WRe3 ERWEr N TRECONVENt AODMEYHOBRSOR WASTEWATER
nmet hod for wastewater treatnent, blO|O%IC&

treatnent, conbuSREBRMENEAVRENE SAEDt RRTALXSEr man

nmet hod have been known. 20 As a nethod for biologica
treatment, an activated sludge nethod, an aerobic
treatnent met hod BACKGRGURD o Bl Bigk caNVENERDKane

e treat ment nethod such as a
E%gg grﬁgﬁtggpgﬁtne?hod and a conbi nati on

treat mefhe metdwshof iameaenobi CrélgasBento Mat hedtangst for
an anaer obi c 25 treatnent nethod have conventiaonally

be®h° LSBT ST AT SeMmEnuR Rt @ Bet ket 6B e eFdfeii ofet hedtment
US@ﬂQa@tEh@E@QRQﬁmdﬂﬂeBQ@aY&Q?'yZﬂ?ﬁgréggﬁﬁgg hfcatalyst

wast ewat er treat nent nethod however t he aer obi ¢
rn%f@@ﬁ@ﬂﬁ%ﬁﬁﬁﬁ@ﬁ?ﬁﬁﬁpmﬁ§¢@dltahh¥ﬂﬁiUbadﬂetwatox1datlon

al 0z0Aan |ke exar npll ated 3
|tﬁ%§%&#§éﬁm ggchéggEépgt%ad a p?o%l ﬂﬁ%(ﬁi%ﬁ? and
appagiatusesswore operdit i orss . because dllutlon or pH
adjustnment of wastewater is required so as to furnish
suitable environment - 1 for the growth of

MRy 0O igali e £ iRk IheLase where wast ewat er

Conventionally, as a method for wastewater treatment,
biological treatment, combustion treatment and the Timmerman
method have been known.

As amethod for biological treatment, anactivated sludge
method, an aerobic treatment method such as a biological
membrane method, an anaerobic treatment method such as a
methane fermentation method, and a combination treatment
method of an aerobic treatment method and an anaerobic
treatment method have conventionally been used. In
particular, an aerobic treatment method using a microorganism
has widely been adopted as a wastewater treatment method,
however, the aerobic microorganism treatment method , where
bacteria, algae, protozoan and the like exert complicated
interactions each other, had a problem of complicated
apparatuses or operations, because dilution or pH adjustment

of wastewater isrequiredsoasto furnishsuitableenvironment
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cont ai ni ng hi gh concentrati on of organi c substances or

ni trogen conpounds is subjected to the aerobic

m croorgani sms  treatnment nmethod, and al so required

for further treatnent 5 of surplus sludge generated as

the surplus sludge is generated and therefore had a

pr ablreth©brbivgh 4 f RALFBBIge8Skmis) 10tak,case kh8re wastewater
conbustion treatnent nethod has a probl em of

si GRPFREAANIGy high cresemimatdest  OfasERBy f g@pstances or
CO§t ¢ rBGent fé\%ﬂ'?ds b0 SRS £a58y let%{ee%%%ﬂ%c% porganisms

| arge quantit 10 wastewat er a n
nethedtmeutdmgehedatendeadedamyqpatbmlﬁ@n é@u$@@rbyreatment
ustion

h t.h i
R ST uh08 A Galea 88 er%%f@auaﬁ&éﬂdg%@ﬁenerated

t eanaraiairer sl hRidgh gHRsIs 8 Faengh treRsmddt £BSt in total,
presence. 15 of oxygen-containing gas, however,

t r eat nekbeefFIET EHeYOR h@Fé’r@ftH\% g@ﬁ%b@ﬁl )harsovva aigpblen of
fugzaﬁmegae@?rMlgﬁeews%e quB‘EE”%I ‘g%%dr g%e% cost or

Recently, In particul ar hodiver$i ut'ant's
cohmelhede;nlmBSMemaaee 0¥ i) beehtmahédpfaadlangh quantity of

QoS EETRE er 2O s B R PR porEts MRl clsipddnagenerate
|O$}@©d5nd$§r§itpaﬂ_mﬁdlbﬁ t:aaselaow o ant | el o et wdsi ke by
Accordlngly, vari ous nethods for wastewater treatnents

et pPoposed, aiming at highly efficient
“ﬁStem@i@rth85riﬂﬁ%§ﬁ@ﬁ“m@@ﬂogbt@éQtQQaEEEaE§dt¥@$€gd under

with high quality level. For exanple, a wet oxidation
métit gnpagasuselang leaglalpygtsSU(r@ecrfetaCﬂreIOIabbrLe\mmeresence

a d yt we atiqn f.reatmen
|§ﬁ%o?g§é§8bgégéggg%ﬁg é* g c%%g% 9 ofqﬁ¥g$1§t > f)ClenCy
t rigre 1eeb fvateer geirtelrallilgh 1guwal Bhy Ifﬁ!teheraﬁdcahﬁé)rﬁ(l:reatment

haV|n3 excellent econoqéc performance. Various

P HRRE BeEH PTOposed to enhance treat nent
ef fi ci enyerand,, tlfrﬁfﬁdfﬁtrh’[c&?@@blvbiﬁw M vstehr fed®idioditant s

for catalytic wet -
contained in wastewater to be treated, and with requirement
of obtaining treatedwaterwithhighquality level, sufficient
response thereto could no longer be attained by the above
conventional methods.

Accordingly, various methods for wastewater treatments
have been proposed, aiming at highly efficient wastewater
treatment and obtaining treatedwaterwithhighquality level.
For example, a wet oxidation method using a solid catalyst
(hereafter abbreviated as “a method for catalytic wet
oxidation treatment”) is noticed because of being capable
of providing treated water with high quality level, and also
having excellent economic performance. Various catalysts

have been proposed to enhance treatment efficiency and

treatment capability of such a method for catalytic wet



oxi dation treatnment. For exanple, JP-A-49-44556 has
proposed a catal yst supported a noble netal such as
pal l adium platinumand the |ike on a carrier such as
alumna, silica-alumna, silica gel, activated carbon
or the like. 5 In addition, JP-A-49-94157 has proposed
a_calalyslofonl AL NG, COPPEL, OXl ey 0f o NI ckela X 0fsss6 has
Constituéents contained in wast , % 'S no

a sngbessdbstarceyiinsgpperatd aancbl ameary caskess galladiumn,
ni trogen conpoun

d nic )
hal THECIOF G | FRE 1085% €Bntai r?@dffei‘s%/eﬂu% as alumina,

Or gl Lo SUDBERNELS s SUfdd deant addieatt®NtcHpdNese the like.
constituents could not be attained even by using the

ewat er owever’,

a sul fur compound,. an or

Scatldl §e€ifdpny rEathmeid Sl Sdva erapepsedm aphihystsimitaining

varécﬁg;ecggéa%l%@rgls%il%ealdddgiié@, reduction of strength

of t
pul veri Zatnomi therdfs tdatadhnaldy sh, vabtehataeurii@deder, is not

pr obl em of durag s
was Ao IpFov iRt IFE H: AERELE
st regduref, a salahySsdomgind £%MBkgandB- AaD8d64188 the 1ike

has proposed a catal yst supported a noble netal . such

yst w ne generated crushing and

ility, and tﬁus syfficient useful ness

notoRy 1t BAFpFag8S, @ nitrogen

10 as iFal FREt ahiePl asi nimhlorasherderdc orulaspangeayy Sufficient

gﬁg:%]eésa%ﬁgéghta%.fi £ @secggﬁé{;ieﬁeﬁﬁgtc::%&fd QL4 bcéarartit%lrined even
Anpy efinpeloatakydyst honevertmeas obtwastfdwatieantontaining

enough in_.catal ytic activi a durability, .

Aot ot 5% PGt et P R o oS BRICF QRIS G rength
25 offcc e ¥t deyat eatal tisie Yoheha Bd Blraishs. ad plll§erization
ctivity and _ durability for a long period in wet

erical or cyll ndrica anta or zirconi a.

L5 oxPdatPBrrardattrenthofrh ipieird ér PaARL8MsRE 1Wh e iHiighy, and
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MeghaR! cRlr Fienet Neednkds REAVhER BrERLLR farwet
oxi dation treatnment of wastewater using the catalyst.

30 The prseseshnppegnt bp dnpabvehaveehothdofatteatalyst, for
n ' udyeot Qv robl e I e :
at%ggﬁgg%by§g ga %I€§§8érﬁFéﬁh5§$é%eé)a %%t%ﬁ?g%rggpported a

andobatahgtiad aothvescpasladilent Splatinum or the like, or a

a catalys

heavy metal such as iron, cobalt or the like on a carrier
such as spherical or cylindrical titania or zirconia. Any
of the catalysts, however, was not sufficient enough in
catalytic activity and durability.

Accordingly, it is an object of the present invention
to provide a catalyst which maintains catalytic activity and
durability for a long period in wet oxidation treatment of
wastewater and also has a high mechanical strength, and to
provide a method for wet oxidation treatment of wastewater
using the catalyst.

The present inventor et al. have found, after intensive
study, that the above problems could be attained by a catalyst

in which a catalyst carrier and catalytic active constituents
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- 3 contains the specified constituents, and al so,

solid acid content of the carrier is equal to or nore

than specified value, and thus conpl eted the present

i nvention. 5 SUMVARY OF THE | NVENTI ON A first aspect

of the present invention is a catalyst for wastewater
treadeMinsontal fHogi aieat abybkteraehit e aganstisbyerblid acid
contai ning at | east one kind of an el enent sel ect ed

fr RN grotp-eonsesriny of AEAGANESePIcBBAPt fhan specified

NI GKB e Ceéﬁ(#ln%hl}g I:&‘Hg%%ﬁgd %RBF’ eséhk"%ge?x?;l gyl im

pl ati'num pal | adi um 'um enlun1an

or a conpound thereof, and a carrler consti tuent
cont ai ni ng at, Ieas% one klnd an nt. sel ected
fromthe group cons Q qg%éﬁﬁiﬂﬂ silicon,

al um num ﬂr}%tﬂarsﬁf%aﬂﬂaf @m @r@@,@murﬂdvtem&%@f is a catalyst
characterized in that 1.5 solid acid ambunt of the

caﬁkﬂérWééﬁ@ﬂﬁ?&énttﬁ%ﬁﬁﬁﬁﬁﬂ? cengaingdide fhéﬁ“%ﬁk%?lc active
. 0 U ,

Tt U ROLb, BEL S AL B LOSSRIE B ot eep sedectee

addndmmhegme@pﬁmnsisﬁhm@ofammyaﬁeamﬁcohaatysudkel,cerium,

pr fera 20 to 70 n?/g. 20 second_aspect, .of .t he
S erePORT T ST v L1 B2 hE Bngre 2a i, rhodium,
tr@@ttmfi@ﬂuﬁxhah@cu@w;aﬁh | Brihatorddistrewier, andl a carrier

treated u5|nq:the above catal yst. Preferably, the
t r EROFEAC UGt EPRRtiBL BURTSre %t anqe el faRiedement selected

tr%%Me %hg%ns%ast-rﬁ?g Bﬁtl@lo)ﬁSttPEartlfﬁmp eiﬁei@on éla']lumlnum

i nventi on IS excellent I n any of mechani cal streng
durabi mryoamdmcaaraﬂyst cempeotndithgreand dha rparttd widegt in that

th%o a¥§8 gmo $£Q:ent Igygggl(%ES%Stu.gﬁgggeegﬁal to or
a|n|ng excéer ca aIy iC act|V|ty an
dumahelmhﬁnf@rzmImmu14yﬂw od in wet oxidation

treatnen ) wastewater. Furthernore, wet oxidation
treat mef o@o qg&geﬁm?%?ﬁgofhEhEaF§F§§Ferqqﬂ¥ltuent is

prﬁ%@@brbﬁl?ﬂﬁ'@@tkﬁl @ﬁﬁ@@V@ OfIHEQMthﬁﬁlté@ék@@lcsurface
water purified in hlgh | evel
area of the catalyst is preferably 20 to 70 m?/g.

A second aspect of the present invention is a method
for wastewater treatment characterized in that the wastewater
is treated using the above catalyst. Preferably, the
treatment for the wastewater is a wet oxidation treatment
method.

The catalyst of the present invention is excellent in
any of mechanical strength, durability andcatalyticactivity,
and in particular, the catalyst of the present invention is
capable of maintaining excellent catalytic activity and
durability for a long period in wet oxidation treatment of
wastewater. Furthermore, wet oxidation treatment of

wastewater using the catalyst of the present invention is

capable of providing treated water purified in high level.
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- 4 BRI EF EXPLANATI ON OF THE DRAWNGS FIG 1 is one

of the enbodinents of a treatnent apparatus for wet

oxi dation treatnment relevant to the present invention:

5 and FIG 2 is one of other enbodi ments of a

treatment apparatus for wet oxidation treatnent

relevant to the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENTS 10 Catal ytic active constituents

rel evant, to tRIERISRLANATIEN OGN THEP IDEIGITINGS

constit s.havin jon to enhance _oxjdatjon

deconposi 'b%:F%Snggiibﬁt Q9%9§B§Féﬁ%é%t{%@%%e”éapparatus

OXiflirZ@dlt DG aaS o O YAk o EOTPOMNE o HYH bFOFBAL invention:
conmpound, a sulfur conmpound and the like contained in

vwastéhat er 15 (hereafter nay be referred to as
aCt'ya%QQngngﬂ1 of@@g réMBBd?mgﬁt§B§EJ?r@§£ﬁ%§ta aratus
constituent includes af Teast one Tnd Of an el enent
selfeqtwerlt Promathengrmprmeorisist 4 vgntof o thengaseset invention.
cobalt, nickel, cerium tungsten, copper, silver,

gold, platinum palladium rhodium ruthenium and

iridium  20:9CRBPTDONOVNAr M e EFEREED tHMBEPOVENTS
catal ytic active constituent, at |east one kind of an

10 | enent Cedirddtdd RESAHVENEORF blip eRikS i xalaipmf to the present
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MBRGIBESE onC PRy se%kc%%hstﬁ%ﬁgﬂgk Bgogg%egct983p€5:enhance
silver, gold, platinum palladium rhodrum ruthenium
angxiidiadilom / b ormposbnpoungachdoeofats tncuwmetine s to be
pref ¢ I east__one ki.nd of an el ement, sel ect ed

Pr S ehiges Shohcasern b i Pimdlndse T Bbr PinER gorpoound,
pl at iswiffurpatbadduny Bhadithe 11kd heshumiasd iir dvalBtewater
or g Qonggund thereof; and a nore preferable =~

cal @FYPPETEEL MG EEnSEfPHERE FRcRUder atvitadtadbione) . and
ki pdchf aaBaeheent sekeckedohsom tder of QP GORSAET1 BFst one
of manganese, platinum palladiumand ruthenium or a

cofipodnaf eRercdsmens sslsiofsd daomaitien@rdvaseconsisting of

C%ﬁ@ﬁ%éh@s@?ﬁﬂ&ﬁ%lﬁ} Rickel, cerium, tungsten, copper, silver,
gold, platinum, palladium, rhodium, ruthenium and iridium,
or a compound thereof.

As the above catalytic active constituent, at least one
kind of an element selected from the group consisting of
manganese, cobalt, nickel, cerium, tungsten, copper, silver,
gold, platinum, palladium, rhodium, ruthenium and iridium,
or a compound thereof is included; and preferably at least
one kind of an element selected from the group consisting
of manganese, cerium, gold, platinum, palladium, rhodium,
ruthenium and iridium, or a compound thereof; and a more
preferable catalytic active constituent includes at least
one kind of an element selected from the group consisting
of manganese, platinum, palladiumand ruthenium, or a compound

thereof. A catalyst containing these catalytic active
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constituents is preferable because of exerting
particularly excellent activated action in wet

oxi dation of wastewater. The catalytic active
constituent is not especially Ilimted as |ong as
bei ng one selected fromthe above catalytic 5 active
consgiduants,: shg;)ﬁgﬁﬁ_eéfef)%kﬂgrb%@%éé’]glfuggéréin .particularly
wat er - sol ubl e conpound, an |norgaﬁ|c

corpowrdd erdueltayadchlabicdeépnaini veatexsddtioa of twddteewater.

or exanpl e,

salt., oxi de a. hydroxi de, a iumsalt,

car bona?}n esacfa[dt Y E

SuQhnas eana 80ehat £s palihg &fle @%akatredlf PosalHe 8hotB&atalytic
l'i ke; .and nore preferably includes a water-sol uble
inéPé&ﬁﬁc &&ﬂﬁﬁHQEGHQ$4ukﬂQWQW€FIhepéﬁfaF?Pﬂ& aéficjeides  a
CoQ%EbEU%BﬁuE§£ éEﬁE Qﬁd?nfggmgﬁﬁégﬂé)ﬂgh fﬂéﬁ ah compound
coll oid-1ike compou 8, be
usedch as apprlopis atenidepérdeafgtonaanprepheatabn, an oxide,
nmet hpd Egr.g

exAnBl 8 OF A Ehe “BRSE e P8
Clab@! Nhi @r@é?dzﬁi&’ec@rﬁ@ksﬁﬁd USidh 4H ald puwddacK,salt, an oxalate
atinunoxj de, p .
hPBLbFTat PRl Keci 319 mes @i Rik £ & bp Laciiates, a prasirngmluble
POt A5 8LHMY B Wdddurd. di Akt r{jﬂﬁl@i Ne+pLAlEDUM ytic active
hexaanm ne pl atinum hexahydro

ci sodpthroenti amy nelpal ablenuap ¢t kabemi neype at islomry  or
ﬂgég%%é#%glﬁggggggqg&ng eﬁkﬁégggi,?gxgrgéﬁggund.may'be used,
t et s aebbapppliatenattependiiey | dikea npycharisddn 2etdibd for a
addition, in_ al, | a
ca?%f?fYEta%fi%ekiﬁ S?Ftﬁeﬁﬁ,rﬁéér exanpl e, pal |l adi um
chlori depr PRAhEOEUMAIEREt Easdi MhEFOOLRATEABM is used as a
pal | adi um di chl orodi anm ne pal | adi um tetraanm ne .
patd il Yifd C are RV edades t idiverdi ol o baiakhark  fal 3 B wrpx ide,

e FFk&Ye 5PTar oMt o CoRfburRFpecially

and a suit e conpound may

T N A A

| ati nous chloride, platinic chloride,
xyplatinic acid,
assi um

i fum hydroxi de; po

in the case where palladiumis used as a

oo gty gl 0. oo o o o LA st

m e used.

adsbhdiwn, chlpbhepdasenatiere rptdemum | parsetivas anitrite,

20(x%f%%%féﬁfg%ﬁfﬁéCons%hkgﬁgﬁmufor'eégggg%hi%%thenlgf;tinum,
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hexahydroxyplatinic acid, cis-dichlorodiammine palatinum,
tetraammine platinum dichloride, tetraammine palatinum
hydroxide, hexaammine palatinum hydroxide, potassium
tetrachloroplatinate or the like may be used.

In addition, in the case where palladium is used as a
catalyticactiveconstituent, forexample, palladiumchloride,
palladium nitrate, dinitrodiammine palladium,
dichlorodiammine palladium, tetraammine palladium
dichloride, cis-dichlorodiammine palladium, palladiumblack,
palladium oxide, tetraammine palladium hydroxide or the like
may be used. 1In addition, in the case where ruthenium is used

as a catalytic active constituent, for example, ruthenium



- 6 chloride, rutheniumnitrate,

hexacar bonyl . - p-chl orodi chl oro dirutheni um rutheni um

oxi de, dodecacarbonitrile triruthenium ruthenium

acetate, potassiumruthenate or the |I|ike nmay be used.

5 Furthernore, in the case where nmanganese i s used as

a SRl Yd C -aehleys LGOSt L HENthe fa A AR £chlorodichloro

manganese nitrate, manganese acetate, potassium

peﬂm@é@@mnangmwéﬁe@ml de OXJJWgane@@d@mamrdb@nitrile
nmangane carbonatggor t he

o RO LS B i e o o e gad 38 gutRenate or the

catlalkygt i vl®eaaidace, constituent, for exanple,
chl oroauric _acid, potassium tetracyanoaurate (rrny,
5 pot assi UMIINQFAIRFEUr d%e tOE) CaFet Bl i A FaRe bR satped as a

I N he 1RAE%e0E L | WEBHL R ¢ uBnEATHd &l x MB 1) RURPORL SR rate,

catal ytic active constituent is a conpound cont ai ni ng

at maagene sE5 omea ke ndodh san velremEn eladet, e fgame shgioxide,
group consi stin iron, titaniu co u

an a@ﬁﬁggﬁﬁuﬁhlgﬁ&dedesFP%BP&SFh%n%% ??%r r éke'?fke may be
speekti. edIsakidd tdeind @aioNatads widde gdied deaeédm@a catalytic
later. As the carrier, an oxide containing, a east

10 on@ kLG CO1S bt LOMMoSTE8 BXHe SoRbAPRPRGTAL 4k Dptassiun

tZQ‘tE'tEQ% s8bactad of nemm he gr 94p; GANSI Sfd ik Wlatd Af%) or the
|rHﬁTUﬁ%"“§TrTCUﬁT7ﬂTHﬂ7ﬂHﬁ7ﬂﬂf7ﬂTTKWWTHﬁT@T__—*—_"

exémpPi ipgdbel wsegarticul ar, the carrier constituent

is a ti &ﬁv\fl:e}eﬂ%np?f%éje%t Qv af;['o)ﬁt ugecgfrﬁef%%;%%rpggsrtts the

oxi de be ani um oxi arfd™ an oxid
oneakamgtmbarﬂuﬂ&wosetEthedthsantbhpo@ﬁdgbﬂﬁpiningatleast
consi sting of zirconiu sil L.con d al um nu

15 SP8Rer kbl S5 Ert EnPuRTbxPRLCCERta ioRt Be GFoRP Cohsisting
copposirbe, axitdehieivwesnliieban HMuRXhdR and ai@dieum, and
of at least one kind of a nmetal selected fromthe .
gr B8P EBRSY sthihgasr ierrkansprcidnarr v 1d Achdraneuntas will

t h}ge C@ééélefbéé fweﬁ%eghgocgﬁfg@i n a%oo%ldleeééﬁtalnlng at

titantumor zirconium and as the rmre prefera
caleaet on¢thimnd, orr ene cgutsditrs @gldenrmeda@nudg at &east 2
20 COFPS ét§%lected.from the group consisting of iron, titanium,
silicon, aluminum and zirconium is exemplified. In
particular, the carrier constituent is a titanium oxide, or
a mixture or a composite oxide between titanium oxide and
an oxide of at least one kind of a metal selected from the
25 group consisting of zirconium, iron, silicon and aluminum,
preferably, a titanium oxide, or a mixture or a composite
oxide between titanium oxide and an oxide of at least one
kindof ametal selected fromthe group consistingof zirconium
andiron. Inparticular, thecarrierisrecommendedtocontain
30 at least titanium or zirconium; and as the more preferable

carrier, titaniaor one containing amixedoxide or a composite

oxide containing titania, (for example, Ti0,-Zr0,, Ti0,-Fe;03,



oxi de containing titania, (for exanple, TiQ2-ZrQ2,
Ti 2-Fe2®3r - 7 TiR-'Si @2r Ti02-A1203 or the |ike)

, is also desirable, in view of nechanical strength
and durability of the catalyst. As conbinations of the
cat aI yti c active constituent and the carrier,

2, Ti O d- Ti 02, .Pt- . Rh- o .
EATREL NN T
PdOEFmEbG%nlﬁélA@thQéthP@nBUdEkQEthh@ETE]Gﬂua catalyst.

Pt - MnQ2-Ti 2, Pd- MnQ2-Ti Q2r Pt - Pd- MnQ2- Ti Q2r
Pt - MhOR ACeTRT} Tpt 19 s edpbTicegial wid-CCaep1 TR (pynstituent and

R - I ZrQ2,
Rﬂ’c_%%a ng%r bt- %%8 pég@% Pgu *r% [IE_’Q&’er'I‘(JjZOrg, [BE-Rh-TiO;,

S Pt P£-Le=TiiO2r @Auﬂl@ﬁuPﬁ—m——Zﬂ%, Pd-Rh-TiO;, Pd-Ir-TiOy,
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Pt -' Ru. -T102-Zr 2, ... Pd- . Rh- Ti, (R~ Zr O . .

PR Ba00r B BT AR TYB0: 77 € P baRge 11iGe A9In0x Oz,

MhER - PHORNSE-CPi 0t - NhOZ-PE—@EwCZZr—c%Q TlOz, Pt-Ce0,-TiO,,

Pd- NhO2- Ti O2- Zr 2r Pt - Pd- MhnQ2-Ti Q2-' Zr O2

Pt PRREROCER i CoRYT €9P2 Hif-Gumon- life@lqzrézfozvoe Pq-B102-2102,
R{;e@% Tlﬁ?o%r Qzr Pd PtC%QZTTL ?2 ~Rh-Ti0,-%r0,,

Pt - - Fe2(8- Pd Fe208. T b,
RUPFEZCBTTQQ'ZZICFX, Pd FeR2ICBA T+ 10202~ ZRIO-zlfr-FeZCEZ— 'IR‘@z?lOz ZrQy,

T RERIOE BB, T REEEE I T R B oo,

PdPRHR\Ee'EEBZ 210021 MOhde208, T £85, Pt-MnO,-Ti0,~Zxr0,,
MCO2-"' Fe203-Ti C2r 20 Pd- MnO2- Fe2CB- Ti O2r
P@GMW@%Z@% Q@i Pt - MiO2- CeR- FeBenEGTipO;~T102-2102,

PdpMyaRo Catd Ee2B-718 Pt - CeQ2- - FeB@BMAbREc0,-T10,-2r0,,
Pd- CeCP- Fe208- Tl% Ru;Ce@ Fe208-Ti 2 and - the 1ikKe - 2

ar%teck‘éﬂmﬁlfqzeérohomev%i C@%éfeleoﬁfﬁpnatl o eX@Ppt T2 -2 102,
are.o for Al lust S ypStable o
ox%e@é%)@ 910@1 grarjser];r ot her’ t gn%g%&eﬂgf?#?gnﬁgzc% 110z,

ek &t Br aﬁembEeOﬁEt al s pt-andFehOs-Tidbhi nat i BnsRwofFe,03-Ti0;,,

AT ofe@ho0kE: by mo” hBARST PR GR ot her ot O RBAE B0z

raﬁécﬁm@imm Tabg) yti cMact+Me050msbh f uent st ando,the,05-T1i0,,
carrier which sup(s)q(;rts the catalytic active
c ot Qesrite203 3B %hi ch constitute the Eéfgﬂygfl%ﬁ‘&?ﬁé T102,

Presamto ) MeRNLE.L, IS 0, Pd-Mn0,-Ce0,-Fe,03-Ti0,,
Pt-Ce0,;-Fe;03-T10,, Pd-Ce0,-Fe,03~Ti0;, Ru-Ce0,;-Fey03-Ti0, and
the like are exemplified, however, these combination examples
are only for illustration purpose of generally stable oxides
aselementsotherthannoblemetals, andmetalsasnoblemetals,
and thus combinations of catalytic active constituents of
the present invention should by no means limited thereto.

Content ratio of the catalytic active constituents and
the carrier which supports the catalytic active constituent,
which constitute the catalyst of the present invention, is
not especially limited, however, in the case where the

catalytic active constituents are noble metals (for example,



not especially Iimted, however', in the case where

the <catalytic active constituents are noble netals

(for'" exanple, - 8 platinum palladium rhodium

ruthenium iridium gold and silver), it is desirable

that the active constituents are preferably contained

[ anpunt of al to.or nmore than .0.01%b

m)re apI% ef e rakﬁil/lg%ﬁ]a M FrErEe T 5. G506 5 - uIIlangld and

furdheve py of ef abkydegquabnt & Oha PoEBet Hani G 1360yt ituents are
eferably equal to or less than 3% by nass,

nass; r
mr@'e%@%}hb@%m@tw G [AEStth o 29818y RASST more than
furd hers ppherabl ¥noreeq|¥>f¥ iltegra\?;lrlgw%%?l tlh‘%B 3% DY rE8SSan 0. 058

relative to the ‘carrie catal ytic
5actbwméyssa,ndf1dmtrla@rlptqf®tabh3e eqtal ys¢.od10ndre than 0.1% by

wh h I
CoRt1 Lo ST 4 € bR o ndth ol Wet AFASR  PAnbyt FBRS, moTe

et ee r {0 e gAML m@,@aﬁ}%&ez 3Gk ds, AuekBbr preferably
cerium_tungsten, and copper it is Er eferabl e t hat
t h@BAL @ OdndeEissuéhen iLs EVeI“@?abl ye tdht BF el the gprrier,

amltﬁnIf_LQII Sauak 49 +ar é@Efvl@%%n%ﬁdgr&H&P¥%g§§st,hg@'a%alyst .

preferably equal to or nore than O ,
10further IpTeiCédJatbigfn,equal the oasmwéethamhiffyﬁaycamgc active

prefer ual Lo I n, 30%.h

P B et He ! FRa DR SR M STERan I fon gptats)
pr efferabkypmeqeal mahgaaésbeSSobbaﬁ 11@?7@b$!lﬂaf£§r,lum, tungsten,
relatlvetothe carrier, in view 20 of cataly

acBP¢i CPPRET duridbills BF sdrerand & dthaty dthe lﬂ&rtlé?ﬁaﬁﬁl’ﬂétltuent

l nltshﬁréﬁéﬁaM§r<;eorI@§l§@& alysh an%&%st o}fl Q wal k¥ b8 fre than
Pt is desirably equal to or nore than % by mass

15 anQ dGuBly maser Mers RIRFEBY LY emsasl tphoadmm grharn §.5% by
| I L. ratjo-qf ]
I\/h 5sgas u%ﬁr gl %Qg;ggggl&s%ghglwgﬁop% Oﬁ%‘% k:)Iyo by mass;

esira equa nore t
mapsedrdabdyatqtal dro beskeshahan3dBO& yy mass, rare preferably

20090010 LS £395, WIGE 5 ROPL e JELAL 13,0950 035 oo
prebesablescaheul abedbpmagsyetal at oveaNtBBlcdRti®r, in view
0 thggeggtalytlc activity and durablllty of the catalyst.

For example, in the case where the catalyst is Pt-TiO,,
ratio of Pt is desirably equal to or more than 0.01% by mass
and equal to or less than 3% by mass. In addition, in the
case where the catalyst is Mn0,~TiO;, ratio of MnO; isdesirably

25 equal to or more than 0.1% by mass and equal to or less than
30% by mass.

In addition, in the case where a noble metal is used
as the catalytic active constituent, the noble metal is
preferably calculated as a metal for content ratio thereof.

30 Also, in the case where the catalytic active constituent is

other than the noble metal, a generally stable oxide is used

as the catalytic active constituent, and content ratio of
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30 Also, in the case where the catalytic active

constituent is other than the noble netal, a

generally stable oxide is used as the catalytic

active constituent, and content ratio of - 9 the

oxide is preferably cal cul ated. Furthernore, in the

casg e MEfL: 8 gl al yihi Lo aCthye . in th
coﬁs?ituent% ng 5%&?%2&5&5@ %€%%talyst pré?er%bﬁ§lt ©case
conhairesaeathreliitheof catal ydt &l pcicvectomst conentisuents is
within the above ratiq. 5 The catal yst constituent  of ,

t hEOBFBABRE: | RUBNETR VST RACITHATLE FONLR SbGAET of the
exapphe§tiandcot Per c6h §FPRteRf s 8wi €AMAOUAE EBYve ratio.
arbitrary be contained in conbination, for exanple, .
an al kaFhenettdlyah eoneliferareh Hee abreandt othgpntion is
”Q&gﬁ' tign fetal oy also, b&a“r{g{ht@é,”egnd 19: Jbe &iﬂ‘éﬁég!’: or a
of e present i1nvention is required to have a so
actcodmaoonit mef, eqbdltratre dre mosretd aed 0180 comddi/rggtion, for
and such a carrjer,results in to have excell ent .
CEETYOTS ot b7 by T GuRBOR | Re pL PHEA St I g and othex
anpeit s bel ow b 201 P4 16 dTBye sesetd f@sdnot provi de
sufficient catalytic 15 activity. The solid acid

anount Bte cherégrreerhefondrepy esasnt jopveatiesized to have
pr.ef V. & or re _th . Jywl

pragfsgég%{i yacgl%am%tt%tor()fnn%reatlhgcn% %%éﬂ m’rolt;%n fdJ% eI?mOl/g'
praferabtly ;equalritea aresmirte timark o0 h2Femexdeg, learid catalytic

part.icul arl referably equal to, or nore than 0..30
ST L 50 e CEEPRIYEFE - act 791 T9L TS AnhArRel gy (e tow 0-20
| RedERse Ayt onsoinds agiod appuntdef $heftelsher,catalytic
however, too nore solid acid anount nmay reduce the
cRH WY -acTPoitd) Is2edbAeraindsot thteraf bt 8- qthehe present
iqgix%r?c%'oql aROPRL rL 3B 6f 4@kl Y a9aImd Qe Ahar Qﬁ.%ﬁzgﬁ‘%bl/g,

.0 mol /g, nore preferably equal to or |ess than
. M rmplregertbilvheapaéf ee abt ynaridibarn br23 egwltfmgn irther

t6 nﬁTaJr:'lr::el f/(szgc’aé) 13/2%('1[;) 681. tc iolcoﬁrl I?ﬁ%]!:g t%ra%f ' 9’9 ln%no%?“]rggleazgg p%tr:)r:rtlei%sflsi arly

S way, by pres
agire fairtaed yatquhe ¢at akyasbreurthaee 0 .Atemiesl /g .

adsorption of pol]|utants in wastewater ) i )
The catalytic activity 1s enhanced with increase in the

solid acid amount of the carrier, however, too more solid
acid amount may reduce the catalytic activity by contraries.
Therefore, the solid acid amount is preferably equal to or
less than 1.0 mmol/g, more preferably equal to or less than
0.8mmol/g, furtherpreferablyequal toorlessthan0.6mmol/g,
and particularly preferably equal to or less than 0.5 mmol/g.

Inthisway, bypresence of moreacidsitesat the catalyst
surface, chemical adsorption of pollutants in wastewater
becomes easy, and further the adsorbed pollutants can be
activated by electronic interaction, which largely promotes
a decomposition reaction of the pollutants.

In addition, as a method for measuring the solid acid



becones easy, and further the adsorbed pollutants can

be 30 activated by electronic interaction, which

| argely pronotes a deconposition reaction of the

pol lutants. In addition, as a nethod for measuring the
solid acid - 10 anount of the carrier in the present

! né’lﬁ%ﬁ?rbf %h%e(tzggg’ifeorjdnm Ir%s%qlscoﬁmfégglan, ﬁ]method for
t errper at ure-progr anie esorption s ~adopted. 'S
nedocnls adgeneitdlor echanpguetamergrohesemeskiddsetddtnon is
the art, and is carried oqut, for exanple, as follows :

5 a0Rr¢der TR ArFRETPH aévéncgee%f%ea%%%w%%h%mng those

t herepfed b Rahe 2PPPRLA 4 ScR2836d JUY 088D @ paar rdLfollows:
and tenperature is raised to neasure amoni a

5 dizcharged; isphcidd dal dgvanet Udenea sigeheel ght ghereof, then
e , P re-progyr | ! [ o
B2 T S s SR B e O B RS AR e radsed
satamabbane dhthamidediathagphe; espdc 5 ¢l IR OC-1odes a method,

the carrier_which was dried in advance at 120 to. 300C .
f el PP hourlY ARY t‘ﬁe&%%‘?%%%’?%%%?‘ﬁ?%é upegrption

SR T00ELL @ RATHY £n@RBYRE Ah g MO &gdesanbeshturation,
fromthe carrier, or the like. Preferable specific

10 surrfarie admesnifeneh@tcaPal9st2 SCeqrdio tB corgiesorpich was
t N2 echbhi £.S ecal t . .
(IS0 TRERIS SBELY EondifRacal o f! d Euse, and then
c atagl yyitriqc teagteinaitiyre mpr eoph @0 er@bl G0 B ual meesorenamneunt of

than 25 n? and st preferably equal or.nore
| AR g Sk Prom e S Pr e B B R LA © e
cat al ystr a8 Hec MY cRAMi e 20 8aFYreobhapsgsofis equal

the catal yst and may gl so decrease catalytic
15 ad9 \R JPorenéheford, T 8f er Bbf eSRpetf T S et icR 2 2R LL the

| $2t80QUAl: tb%ll‘Uw | 85 $n2/RAHAKD /ﬁé%@bdﬂr%@fﬁf&fépd Yeatalytic

equal to or ess than 60 nP and nost preferably )
e@dlivtig yor mogss predrrab3 ynehgal26o| ar tier pridwend m°/g and

DRG0 SRR TEIRY, At SPSRRLLS pas e

aB@leyZ€ il togete atsed pifi the i tadopitedver 70m?/g may provide

20 easy collapse of the catalyst and inay also decrease catalytic
activity. Therefore, preferable specific surface area is
equal to or less than 70 n@/g, more preferably equal to or
less than 60 m?/g, and most preferably equal to or less than
55 m?/g.

25 In the present invention, as a measurement method for
specific surface area, a BET (Brunauer-Emett-Teller) method
to analyze nitrogen adsorption is adopted.

As the catalyst relevant to the present invention, a
single constituent catalyst may be used, however, depending

30 on difference of constituents in wastewater, for example,

treatment constituents in wastewater, pH or the like, a

plurality of catalysts may also be used in combination as



As the catalyst relevant to the present invention, a
single constituent catal yst may be used, however,
depending 30 on difference of constituents in

wast ewat er, for exanple, treatnent constituents in
mastemater pH or the like, a plurality of catalysts

eai]Po bﬁokls lcéonb{}{]@t 'fgrlll@%lnﬁe]énb%rﬁenfsor are also

exanpl e e fo nd enbodi ments a al so possi bl e;
t()ﬂd&&ﬂbhmstemnreatvusm@@aaegiusahg&ypéﬁreénastf$atalysts

obt abl upporti differ catalytic, active .

gi U@]sé/ 333{ he® %%?@rtéjawl eg %S%?P%ueﬁfatagé’ttllceata(:tlve
5 wasiawah eintisi 88 anRl Wahd t ¥aetieat dorsdts «aldrad ;nabbe treat
by supporting the sanme catalytic active constituent

5onweﬁsftf9é*f8éiﬂr eakRg ersplusalicyt Aastavt ¥t usPhgaanable by
%fug{p'ox%‘:l f_: é?sla}ﬁ%tcsat ?ﬁ&é@’c?v@%&u‘&%&@& Mon different

nt c alytic activ constituents on different
cardalrmrletbrt Pt wegltawatiem mM@asElMe&etpWMmtalysts

ORI G IR matt BT TPRF ontg aAPrer  active

tr eainERAt WMty ¥h aiTFedeRd Haantieaat.al yst first; or
in the case where pH of the wastewater is h| gh,

10 wast ewatlér DRy ise leeatied thiet Rage15he&CaPYsP L hH@Pﬁﬁwater is
hi glawt r %@lte”%tst%Watce' eng b@f ebatbgalARAL 4 W'at‘:al?Et having

al resi stant cat al ys% so on. Crystal
sthughumx&ﬁtmdnic%ifleﬁemsynoafespe¢mﬂaﬁwemﬁrWlQm,an acid

and the carrier rﬁ?ﬁt d 1rs nﬁrgf o%arﬂgc%k%ecgggewﬁéyétﬁépgf the

st FSEESF@H(S_T ccartyas ruc han  anat ase-

zowa@y%mat@ﬁlmgnhﬂgh,Iﬁhﬂawystdﬁ&ta&umaprb@avx@gted with a
anat ase- crystal structure |sﬁpreferable

15 of Cohe oRta GLLEQRITh arie Ao BSOSy B Fan L eatment

mayike sel aaked: 3%saRRLARS atR1ydependidngObn .
obj ectives, fromsuch as peIIet-I|ke particle-like,

spher|c§KYBt@é 2B Udtvgd ke, th@néﬁééﬁ@ﬂ|4§3QﬁttﬁépeCla11Y
i E?ml@.ggl,nﬂd %%%ec%ﬂié/r ma'ynplgi@g any of anatase-type crystal

structure or crystal structure other than anatase-type
20 crystal structure, however, the éarrier‘having'anatase—type
crystal structure is preferable.

Shape of the catalyst (carrier) of the present invention
may be selected, as appropriate, depending on objectives,
from such as pellet-like, particle-like, spherical-like,

25 ring-like, honeycomb-like or the like, and not especially
limited.

Pore volume of the carrier is not especially limited,
however, preferably equal to or larger than 0.20 ml/g, and
more preferably equal to or larger than 0.25 ml/g are

30 preferable; preferably equal to or smaller than 0.50 ml/g,
and more preferably equal to or smaller than 0.45 ml/g. The
pore volume below 0.20 ml/g is not capable of supporting the
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Pore volunme of the carrier is not especially limted,
however, preferably equal to or larger than 0.20 m /g,
and nore preferably equal to or larger than 0.25 m/g
are 30 preferable; preferably equal to or smaller than
0.50 mM/g, and nore preferably equal to or smaller
than Q143 M /b (e e M iimes bed v &h 20, A GRS carrier,
not capable of supporting the - 12 catalytic active
condtiituentlsuf ¢fderem ¢yl onteher calran er ALswhi Ehecare volume
reduce acti vat action.. Al s VQl e
o ST MR Sl R Pedt e e b A R i B e aryse,
catralsyString eawWdliNgpdd oot hapse afydthatcat alaydty ataga, when
early stage, when 5 the catahyst used in wet oxidati%n

_ _ THIP b e hSGREECB -a The Pore
copBheiald Y2 auaidahl g APpanaldgne MSi 01 PatBACHDY e apparatus
injection method. Catalyst” size is not especially
| i mistleg, ahoweverry figy] eadxarplretiiafd+ he case where the
cat al yst._i articul at 1 ft b .
referre 3F§1§§Q"S%F%i63|§ & %é?%?%%?fX,fggerd%quwmwer’ for
paekiaalbd efi dnettere | a P eftlesabl yhequataflgsor isarggrarticulate

than 1 mm nore preferably equal to or |arger than 2 "

mm( PEFPRERE T BRI RE PAIETEGIALe Gt APTE IR The talyst”),

?VgﬁégggﬁaﬁbkﬁﬁelgiéﬂghgﬁerbEEQMkéf@Fébi? é?ﬁ@ﬁ&&iQﬁ:larger
y clog a

ower, increases pressure |loss and 15 ma o
cathbpsinn aferepy sfpspdidee subs paickar ¢ont RrRedm n Filling
wa { ‘ . ' ' s R
pap T gt L fn b R I O e R B P L p Fapmetes
t harlo®0l nm, andaneactpret doatdy, éguakasesopresaliterloss and
than 7 Th verage particle dia er .over 10 nmm .
| nPB T00F G e 136 APk P b B BT RIS U gy ® Contained
sut hi gheptwgeenet raATad, stid ateer &f€gamhiclhe raneadiicef the
contact efficiency with wastewater. to be treated, and
t hBETRaFURBESpFRVR YESEUFT IRGSHRT A eatiRt teapammalhpr than

i nigerhai Bhgagsse é&é@eréeﬁ exgiBhero Brt BRaGaSe WAEHE7 mm.
the catalyst is 2 pellet-¥|ke (hereafter may be
refheredet@gaspapgﬁbép-ﬂﬁa@eter over 10 mm inhibits for the

particulate catalyst to have sufficient geometrical surface
area, which may reduce contact efficiency with wastewater
to be treated, and thus may not provide sufficient treatment
capability in certain cases.

Also, for example, in the case where the catalyst is
pellet-like (hereafter may be referred to as “pellet-like
catalyst”), average diameter is preferably equal to or larger
than 1 mm, more preferably equal to or larger than 2 mm;
preferably equal to or smaller than 10 mm, and more preferably
equal toor smaller than 6 mm. Also, lengthof thepellet-like
catalyst in a longitudinal direction is preferably equal to
or longer than 2 mm, and more preferably equal to or longer

than 3 mm; preferably equal to or shorter than 15 mm, and
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catalyst"), average dianeter is preferably equal to or
larger than 1 mm nore preferably equal to or |arger

than 2 mm preferably equal to or smaller than 10 mm

and nore preferably equal to or smaller than 6 mm

Al so, length of the pellet-like 30 catalyst in a
Iomngupraﬁerdb&e0$Q@mlimapneéeoabby egaml 1@ onmor Filling of

| ohgero® L Rah 3 RSB el er STy Todii =6 0% s RAPC i 0" 1

15mm o@Nghe- 1é§gtﬂvﬁﬁ Rr ebgy ebhyiggualii tOcOLo8BEL B 2 mm,
than 10 mm Filling of the pellet-like catalyst with

t heR agerage tdicanet@rebel BWCICa9F BFEPREIFeA@E® i iWille the
| %\Eiié‘?' i‘f‘Led&EP&ﬂéé’E‘ »Pfé}f“%{r?e E%rlag% ﬁﬁg@%‘ rO8ver 10 mn,

Nncr eases ssure [ oss
pei&eﬂmﬂlkegthtaiyslom@itudtmahvmtageldwaneeerl®VBW1nhlblts
udinalgglrect on ove

10_.mm_. or e length i | ongi

T mGnPBL LSt fgret ReLporT ottt hREeCar ol JREeth Frpstrical
suff i £d @0t ageanetyital msyr raeR car edbn W €h ey ch@AUSE with
cont act eff|C|ency wWth wastewater to be treated, and

t Mﬁsstrmyaw toriow itde ad @i, @neﬁbu81@arme§tﬁéﬁVlde sufficient
capahi [ case e, in the case
mhere.% e cé?%fystfipy ﬁ%ﬁ%§35#6¥h§£e (hereafter may
be ref fumthdmnase, " hioneytenbechske watabystlg, catalyst is
|valen neter,_of a_ through-hole is_preferably
Sy I er (PR A8 A% ite pFBTEFaRRy Jto  as
e%@netya;c@cnoh@r]&er ddan st )nm epfighenablty Eeualtd® of a

or smaller than 10 mm and nore Ereferably equal to
ot hgwaaheh dltfan s6 PRAL SrRPAddPEFBA, TP P E KEsES heihvien! - © mm,

tﬁ%reaglr%%%@*abtliﬁ guei-hebes: | S, &k anahl v eaual;, Hec¥erably
| arger "t han nore preferably equal to or

Iaqgeﬂ tba@rOSQaﬁdprzmhpmeﬂ@rambyaequabreop@efemabﬂerequal
t rng nd nDre refer bl qual .t.0 snal.l er

E_ 1 AL rFurhtah flédlgle_%ll‘lh thlc n%ssétb%echweeen the

caﬁabyehtsumf@ﬁ@h+sopéefﬁgpbbyeeabay'dquaﬂ:tmobe 1dh@dr than
50 o, nore preferably equal to_ornore than 55%

pPeF‘elmgbl YOS URT € e%)ala}m%gga% haf 869 aHaforkan 0.5 mm;
ppetecabby yeaydd1 tQ 8% smaller than 3 mm, and more preferably

equal to or smaller than 2.5 mm. Furthermore, hole opening
ratio at the catalyst surface is preferably equal to or more
than 50%, more preferablyequal toormore than 55%; preferably
equal to or less than 90%, and more preferably equal to or
less than 85%, relative to total surface area. Filling the
honeycomb-like catalyst with the equivalent diameter below
1.5 mm, in a reaction tower, increases pressure loss, while
filling the honeycomb-like catalyst with the equivalent
diameter over 10 mm may reduce contact efficiency with
wastewater tobe treatedandthusmayreducecatalyticactivity,
although pressure loss becomes small. The honeycomb-1ike

catalyst with the thickness between the through-holes below
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25 less than 85% relative to total surface area.
Filling the honeyconb-Ilike catalyst with the

equi val ent dianeter below 1.5 mm in a reaction
tower, increases pressure |loss, while filling the
honeyconb-1i ke catalyst with the equival ent dianeter

over 150 A BBYf educe LRMARL ciefh | 64 EREY Wit 3Pthe catalyst,
wast ewater  to be treated and thus may reduce catal ytic

actilyhpygh pretiddghaprdssnredeoss becomesapabilie ofh@educing
honeyc -1 cat al W t e i.C S e
we? Rgbof hl%aee cabt ]Yo)a,t._ ]&lgg{ 1ttHe %31%6510@ %é#:(g\l?er 3 rmm,

t he rough- s be nmm nmays one
r eduerottghhaniCialg Stsifdidicoft t hechahakyst , stabhhobughof the

provi di ng advant age of being capabl e of reducing
wel'gREYBPMPRET €8t aRG_LYShr sONCFRESERi ERAeSECGREr OF ftalyst
al though: bavi ng sa fi gl entnh dRcha calsstornahi f . t ife hole

5 honeyconb-. |1 ke catal yst, increases use amount of
cabREpshg raw erettertite cadrd tusuni@aasades adest desirable to
therew.th. Ik ol eni ratig.at. | ysit :
supta PeRTE R B BB e der Bl SuBhot IRATRE Losgrenars
rapgethéncytew ot ardhaateal/tstrengtikitefl. the catal yst

and catalytic.,activity. 10_In addition, use .qf the .
honeycofmb- 2PAkELEE al ?%_tﬁﬁr Vi 'Ségﬁhn%%ﬁﬁﬁySt 1S
anpag: 1 bel apoyer £ @hySdSa dabid@ nLagRdwf subkjieadd)gin the
wast ewat er cont ai ni ng suspended substances to_ wet

ox¢ @R PésUeatiayapheva t¢F AGNERENEADAYARCIGPGSUbStances
feé‘gt%%@&Q?@éu@ﬁ?%yéstﬁﬁe%t a%/ﬂfdﬂlgu@{ MBYe b€atalyst in a

cl ogged by preci pi tates of st ances or

suspandidn substandescamnk d hetlalyst A ayest ewat e, cAogged by
nmet hod. for pre ation of the catalyst relevant .t

£ HRF BT BT LT R0ant P b e e F AT 13P T 9 ¢ i shees and
t hene CRi1d VB wast €astéy. be prepared by wel | -known

nmet hods. A 20 nethod for supporting the catal yst

active 2dMRhedeT g a2kl F9Rrof nePfidedtatypt relevant to

exampl 6y e fekneadi,0ge FBLNed, naR dspRiagnaty oniietd@d. and the
an adsorption nethod, a spraying rnethod, =~ an ion
exchtanges hretdioccasiiheb¢ i kecpared by well-known methods. A

method for supporting the catalyst active constituent on a
carrier includes, for example, a kneading method, an
impregnationmethod, an adsorptionmethod, a sprayingmethod,
an ion exchange method or the like.

The catalyst having the above-described configuration
is capable of maintaining catalytic activity and durability
of the catalyst for a long period moreover, high mechanical
strength can be provided. Also, treatment of wastewater by
wet oxidation treatment, using the catalyst of the present
invention as described above, is capable of providing treated
water purified in high level.

Wet oxidation treatment of wastewater using the catalyst

of the present invention will be explained in detail below.
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The catal yst having the above-descri bed configuration

25 is capable of maintaining catalytic activity and
durability of the catalyst for a | ong period

nor eover, high mechanical strength can be provided.

Al so, treatnent of wastewater by wet oxidation

.t rg%q%’]%f #gégegwépgr&% %leyégeaqcf.eé Bg/ %@%?{?tdation treatment
i nvention as descri bed above, 1§ capabl e of providing

t reatete 3 yaiern rpwritficed isnnbt ghsgeavied 11 Wtinited, as long
oxi dation treatnment of wastewater using the catal §$

of 3% NS presEAt " FHGEREI GANWALPLBE BRpPH %Hci%o%%?% and/or
bel oW + rogla Adgith®f Wastewakstelorbe tkealbeeiried by
wet oxidation treatnent of the present invention is
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wastewater containing a nitrogen compound such as amine or
imine, ammonia, hydrazine or the like may also be included.
Also, wastewater containing a sulfur compound discharged from
plants in wide~ranging industrial fields such as pulp/paper,
fiber, steel, ethylene/BTX, coalgasification, meat, chemical
and the like may also be included. A sulfur compound here
isexemplifiedbyan inorganicsulfur compoundsuchashydrogen
sulfide, sodium sulfide, potassium sulfide, sodium
hydrosulfide, thiosulfate, sulfite and the like; or organic
sulfur compounds such as mercaptans, sulfonic acids and the
like. Also, for example, domestic wastewater such as sewage
or human waste and the like may also be included. Or,

wastewater containing toxic substances such as organic



plants in w de-ranging industrial fields such as

pul p/ paper, fiber, steel, ethylene/BTX, coa

gasi fication, neat, chemcal 25 and the |ike may al so
be included. A sulfur conmpound here is exenplified by
an inorgani c sul fur conmpound such as hydrogen
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wast ewat er such as sewage or human waste and the |ike
may al sdnbeddncl aded wadrtewatast émﬁhethecpﬂ@émmgﬂmdmon is
subs ¢es,suych as or 16, halo en conpound
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wast ewat er supply source is
as one oxidation treatment step, however, an apparatus used
20 in the present invention is by no means limited thereto.

Wastewater supplied from a wastewater supply source is
suppliedtothewastewater supplypump 5 through thewastewater
supply line 6, and further sent to the heating unit 3. 1In
this case, space velocity is not especially limited, and may

25 Dbe determined as appropriate, depending on treatment
capability of a catalyst.

In the case where the catalyst of the present invention
is used, wet oxidation treatment may be carried out under
condition of either in the presence or absence of molecular

30 oxygen-containing gas (hereafter may be referred to simply
as oxygen-containing gas), however, mixing of

oxygen-containing gas in wastewater is desirable, because



supplied to the wastewater supply punp 5 through the
wastewater supply line 6, and further sent to the

heating unit 3. In this case, space velocity is not
especially limted, and may 25 be determ ned as

appropriate, depending on treatnment capability of a
Cati%CylséaSilr{bt B§X%%§le %%@nﬁpgtf@ﬁali%Stwggté@ er , improves
present 1nventio I's used, wet oxidation treatnent
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pr%§eQPg“§¥(9b ence of. nol ecul ar. 30 oxygen-contai ni ng

gas hereat tS" ¥ Yot ed’iTsinply  as

oxygen- contttidNidig Jame r QMR &Jxi JHKIJH t&featment is carried
oxygen-contai ning gas in wastewater is desirable,
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oxygen-containing gas supply line 8, and after

pr 88689 “&iithéreased by the conpressor 7,

0xygen- eenbahni-Rg +9as i j2ed 4.0 vast ewglelohef o i
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anxygensceuppingdg gas is supplied to wastewater, is not
especially limited, as long as effective amount is supplied
to enhance capability of oxidative decomposition of
substances to be oxidized in wastewater. Supply amount of
molecular oxygen-containing gas towastewatermay be adjusted,
as appropriate, for example, by providing the
oxygen-containing gas flow amount control valve 9 on the
oxygen-containing gas supply line 8. It is recommended that
supply amount of oxygen-containing gas is preferably equal
to or higher than 0.5 time, more preferably equal to or higher
than 0.7 time; preferably equal to or lower than 5.0 times,
more preferablyequal toor lower than 3.0 times of theoretical

oxygen demand of substances to be oxidized in wastewater.

Supply amount of oxygen-containing gas below 0.5 times may



to enhance capability of oxidative deconposition of
substances to be oxidized in wastewater. Supply anount
of nol ecul ar oxygen-contai ning gas to wastewater my
be adjusted, as appropriate, for exanple, by

provi ding the 25 oxygen-contai ning gas fl ow anmount
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amut, 9fepXygen- cont ai ning gas below 0.5 tines may -
18 leave relatively nmuch anount of substances to be
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at inhgr@ai}“aﬂsym sfiofrgeeic substances at the catalyst surface,

and may deteriorate catalyst activity. Therefore,
pressurization inside the reaction tower is recommended, so
that wastewater is capable of maintaining liquid phase even
at high temperature. Also, temperature of wastewater in the
reaction tower over 370°C requires the application of high
pressure to maintain wastewater in liquid phase, although
depending on other conditions, which may require large scale
equipment andmayhike runningcost; therefore,‘it isdesirable
that temperature of wastewater in the reaction tower is more
preferably equal to or lower than 270°C, further preferably
equal to or lower than 230°C, and further more preferably
equal to or lower than 170°C. On the other hand, temperature

of wastewater below 80°C makes difficult efficient oxidative



20 and may deteriorate catalyst activity. Therefore,
pressurization inside the reaction tower is

recommended, so that wastewater is capabl e of

mai ntai ning liquid phase even at high tenperature.

Al so, tenperature of wastewater in the reaction tower
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like steamor the |ike may be supplied to wastewater.
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depending on treatnent tenperature by~ I nst ,
t he rpedsente gppératusyalse th2tatwasthewekét disdecgpable of

20 expn%g% %% ng llaqulépgé!sg%tn tq'le reactiontowerl. Forexample,
in the case where treatment temperature is equal to or higher
than 80°C and below 95°C, wastewater is maintained in liquid
phase even under atmospheric pressure, and thus treatment
may be carried out under atmospheric pressure from economic

25 viewpoint, however, pressurization is preferable to improve
treatment efficiency. Also, in the case where treatment
temperature is equal to or higher than 95°C, wastewater is
vaporizedunder atmospheric pressure inmany cases, therefore,
pressurization as follows is preferable to control pressure

30 so that wastewater is capable of maintaining liquid phase:

apressureof about 0.2 to1MPa (Gauge) for thecaseof treatment

temperature of equal to or higher than 95°C, and below 170°C;



treatnment apparatus, so that wastewater is capabl e of

20 maintaining liquid phase in the reaction tower 1.

For exanple, in the case where treatnent. tenperature

is equal to or higher than 80C and bel ow 95C

wastewater is maintained in liquid phase even under
atQP?PQQEthQﬁ?§§8ﬁ€ﬂ1§9 Dhﬂy?GéﬁgéyQ§H¢th§%¥sgﬁafxreatment
carried out under atnospheric pressure from econonic
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Use of the above-described solid catalyst, for wet
oxidation treatment in a reaction tower, is capable of not
only improving efficiency of oxidative decomposition
treatment of substances to be oxidized such as organic
compounds and/or nitrogen compounds included in wastewater,
but also maintaining catalytic activity and catalyst
durability for a long period, and thus converting wastewater
as treated water purified in high level.

Amount of the catalyst tobe filled in the reaction tower
is not especially limited, and may be determined depending
on objectives; usually, it is recommended that the filling

amount of the catalyst is adjusted, so that space velocity
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gas-liquid countercurrent flow and the like; also, in

the case where a plurality of reaction towers are
installed, 2 20 or nore of these supply nethods may

be conbi ned. Use of the above-described solid

catalyst, for wet oxidation treatnent in a reaction
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reduction of drift of gas-liquid or the like.

Substances to be oxidized in wastewater is subjected
to oxidative decomposition treatment in the reaction tower,
and “oxidative decomposition treatment “ in the present
inventionisexemplifiedbyoxidative decompositiontreatment
which decomposes acetic acid into carbon dioxide and water;
decarboxylation decomposition treatment which decomposes
acetic acid into carbon dioxide and methane; oxidation or
oxidative decomposition treatment which decompose
dimethylsulfoxide into carbon dioxide, water, ash like
sulfate ion; hydrolysis treatment which decomposes urea into
ammoniaandcarbondioxide; oxidative decompositiontreatment
which decomposes ammonia or hydrazine into nitrogen gas and

water; oxidation treatment which oxidizes dimethylsulfoxide
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gas and liquid. 1In this case, it is desirable that liquid
surface state is detected by the liquid level controller LC,
and liquid level in the gas-liquid separation unit is
controlled by the liquid level control valve 13, so as to
be maintained constant. Also, it is desirable that pressure
state is detected using the pressure controller PC, and
pressure in the gas-liquid separation unit is controlled by
the pressure control valve 12 so as tobemaintained constant.

Here, temperature in the gas-liquid separation unit is
not especially limited, however, it isdesirable that, because
carbon dioxide is contained in the resultant liquid by
oxidative decomposition treatment in the reaction tower, for

example, carbondioxide inwastewater isdischargedby raising
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treatnment in the reaction tower 1, then taken out as
treated liquid fromthe treated liquid line 1.0, and
suitably cooled by the cooling unit 4, if necessary,
and subsequently sent to the gas-liquid separation
unit 11, to be separated into 20 gas and liquid. In
th| S e I f t

o e TSy The T i Teual” controfi o L ar G ghe carbon
Il(yﬂQXﬂdeveh lnmkheJgaglmammngeﬁepara@bmaCUmng'lsquld after
controlled by the Ii ontrol val ve 1.3
o e el w e S enst ana S et B S s ing
t hatithplyessS U &e2% ist alre the QQnegted usi ng the pressure
control ler PC, and gressure in the gas-|liqui

ittt @ IeyEuichBayr %ﬁﬁrét%%%%elther
Y:négcégl§ﬂ a@heotpga iqf?@fg §§@@£@ﬂ5elﬁ$r§hpplle? to the

rature’in the gas- d separatlon untt I's
esgeeréhhylmsnnaxhtimmemet11twmshdeeﬁmﬂﬁanq¢mﬁnotshown)

use O carbo i OXi i ontaln in the
re%ﬁﬁtgﬁ FpauPalngOQngSFvi‘3360ﬁﬁ03|tFOO%%qgafﬁghFIeated
I n1tlheineagtiean Jaeriqd d sepaaakeonganhpnlﬂ$ealueenﬂ of a
wastewater i s discharged by raising - erature
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|nuhlQU|gotssgb§ﬁ?aggeghgyl§%g|ectlng l'iquid, after
separation u5|ng as-liquid separation unit, to

bubblln@lquﬁdh gaeateﬁelaquldﬁ prhéalinkg. by $@@@éﬁéﬂ@@eUSlng
h I
theh% ?eélﬁggd &ng%%%%l 9PR£81!?9Lei§ Sgsc?érggg Eggm the

I gui or e being supp
gasrkhqudd isapat diisehaugiet 1 dde s a h'elait dExchanged {imtid may
he cogling unit 4 or the

shaown) _ |
5 coohFHYEBST FERUEATU i 0 HACEr® gusLiT T ER Yreps such as
Sepapabl 08a 1 Diyr d A1sh@ht BN tn b1 e @e‘iﬁﬂdtﬂ%rﬂ@ﬂea&%@ht for

as a heat exchanger (not shown) or a cooling wunit

( NBUT SROWHUIIE Gt 19Tk &.X Qataary: - t FEALE@ INOgiA dp part of the

oL Red DY SEpan S sl 1o 800 rsament. may

| i qurdcdlgdimnrgeurinee t5. wIbeedasehdrgbdréeispbteaming to wet
oxidation treatment; or subjected to wet oxidation treatment
by supplying to wastewater from the arbitrary position of
the treated liquid discharge line. For example, TOD
concentration or COD concentration of wastewater may be
loweredbyusing the treated liquid, obtainedviawet oxidation
treatment, as dilution water.

Also, gas obtained by separation using the gas-liquid
separationunit 11 isdischargedoutside fromthe gasdischarge
line 14. In addition, the discharged gas may further be
subjected to other steps.

In addition, in carrying out wet oxidation treatment

used in the present invention, a heat exchanger may also be

used as a heating unit or a cooling unit, and these units



15 further be subjected to various well-known steps
such as biological treatnment or nenbrane separation
treatment, for further purification treatnent.
Furthernore, a part of the treated Iiquid obtained
via wet oxidation treatnment may directly be returned

to yagt suah8EbehorenBYRLeqbihing 40 aWBkogP 1 gxkdati on
treatnent; or subjected to wet OXIda ion treatnent by

suppl yi n@IGo Avast et erenfipoun rhdvet @rfbattrra&qtnpwm ebpareftus for

t he eat e iquid dlscharellne For TAD
concée%t r)Ea C?l%n grlr1 conce er]a‘?l rht tfo \%gst% ént l%ventlon

be 1homEsed? pyinstig éﬁ&lléﬁatﬁéatlhéllutdapp@tﬂtlﬁ@dasllsflhown in
wet oxi datlon 25 treatnent, as dilution water. Al so,
Sgast Bt ail ned Y TRt BFEs ANt REYGEE-FPRGRANINg gas, if

Se%@éé@@r#m is @uéﬁlﬁéécﬁ@r&%ﬂ QW $lrdenbr PEAEPEoHASower 31

di schar ge I ne . I'n addition, the discharged gas
naytl‘ﬁmwwlertbe wgl@meer@tt@ci tsmpnherlsm@p% 36onhacted with a
add|t|QP gg%rglngngu% Yfédo§ﬁd€hlc%%é#f%%ﬂm%ower 31, and
used- resen ention heat ‘exchanger
al suhehe sehtﬁ:Sdoasha @@@felnguumﬁraxrt aaamcmldmgomlrt 41af1f:lom the
these units - be used in conblﬂgﬁlon

10apftoprars. t @W?rl‘élaoFH%r TSRS hedt lﬁet"r(é'aFH'@rﬁOOllng

aprﬁs}[ﬁt w3y £QH tl’{\@tpr‘@%ﬁﬁﬁé QR it RAl BRI £ evaRrlird 9ttHgy also
present invention. In FIG 2, in the simlar

tré%ﬁﬂé@tar@[iﬁé# spugaasnchdvmtiinl .5 ER@Aditiemst dRaFEE. 2, the

;N g C a S
supp |edltto t%lgg{;oﬁgﬁ%@?ge %esacsff o%f% o% ﬁzﬁ 5¥ﬁ?§ué’ﬁth 30,
t herapastewet erhswzphey ;bam’Es 36, cont act ed with a
cat al ys (not shown illed j he action, tower. 31, .
150nd" 3 hIRSBAES E0C AN S il HbP B4R AGAE] G Y BRBE T detail
41 b‘erlqm hen X deotdrie o6 Hahend nver thavéhse thieC@k &fples below
liquid_line 40, the cooling wunit 34 and the pressure

oYL d1ofe Ldgni twrdiee HuE SRR dINSED e sepacafiedifd cations
gag.andel LQui-dey! Qu@dvgiﬁﬂ&?t dé%)al:rlt@nngrbﬁethgfa%@lrlt of the

reference nunerals as 1n FIG but added wth
description above or hereafter.

20 The present invention will be explained in more
specifically below with reference to Catalyst Preparation
Examples, Comparative Preparation Examples, Examples and
Comparative Examples, however, the present invention is by
no means limited thereto. A method for measurement of solid

25 acid content in Preparation Examples and Comparative

Preparation Examples will be shown below.

<Measurement of solid acid amount>
Solid acid amount was determined by a gaseous state base
30 adsorptionmethod. Ammoniawasusedasthegaseousstatebase.
Analysis apparatus: BEL-CAT, a catalyst analysis apparatus
manufactured by BEL JAPAN, INC.



represent the sane parts. 15 The present invention
Wil be explained in further detail below wth
reference to Exanpl es, however, the Exanpl es bel ow
should not limt the present invention, and

nmodi fications can be carried out without departing

from_the Spl rit, of t scri Qve , :
he%‘é1 L§rl Iﬁf)thr%% %esggﬁ [ nvtgrh [ onaf\k/)vleqqerbaetuexxepl RrR&gamnd
[ nd@@b@ptay@acMgtﬁaal y below with reference to Catal yst
Preparati on Exanples, Conparative Preparation

ExSRpIreSr BRanplesidAd Conparative Exanples, however,

th L t
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Ex es W | ow. <|\/ba pent of solid
ac%%8%6&9%6??‘&082?8%%6%? Egeterm ned by a
gagenpsratate bé§§1n§0r§ﬁ§@Epl00HCnBt hod°cAnmoni a was
used as the gaseous state base, Azal_ysi S appar at us:
BELemRTraguEst 4R y8ingnapPysis éBp%i P48 manuf act ur ed
by BEL JAPAN, INC. - 25 Analysis nethod: A TPD net hod
(Tenperature program ng desorption Method) Carrier.
gasCaHeliyam PeepatarioMCExémphéenh) conduction type

detecto Pr etreatnent. te tinme; . .
o
Tegperatureas aissid\g rasgeariDO€ had EiDGvekenpecttanregcer of 5

rais eed: 10C / 1.0 (Cat I ti
EERpRE A CH T AP P S £ BR L 2TBEI TR S ke trength

forgdrbbtaniide SRNLLRI wHES tHeesh rdher Q@%rtlaqryétﬁ)dfﬂélctured
average iameter of 5 mm an average | ength of

maddRneverrgorbrbhessirgh ot fexig by st >avlef>§g?e 4\/51; (rapficle,
! Ostfé‘é‘S{‘fié‘esL&aHde%r(e%%@' ¥S}§EQ‘ I‘Eé@ﬁ%&”‘@@ 44 m /g, a solid
acid amount of 0.32 mmol/g; titania crystal structure of the
formed carrier was an anatase type. The catalyst (A-1) was
obtained by a method for impregnating an aqueous solution
of thecatalyticactiveconstituent inthecarrier (the agqueous
solution was absorbed by the addition of an aqueous solution
of platinumnitrate, thendriedat 150°C, and further subjected
to firing treatment at 300°C for 2 hours using
hydrogen-containing gas). Major components of the resultant
catalyst (A-1) and mass ratio thereof are as shown in Table
1. In addition, specific surface area, average compression
strength, solid acid amount and titania crystal structure

of the catalyst were nearly the same as those of the carrier

used.

(Catalyst Preparation Examples 2 to 7)

InanyofCatalyst PreparationExamples2to7, thecarrier
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15 adding a |l oad onto the carrier (catalyst) ,) of 3.
4 kg/particle, a specific surface area by a BET
nmet hod of 44 n2/g, a solid acid amount of 0.32
mrol /g; titania crystal structure of the forned
carrier was an anatase type. The catalyst (A-1) was
obt aipgd by -8 pLhod: LOL L HPLAAAALING, an,adueas 1
sol ution ZOaOEQ?Ee cgt ?t?% activ onst%%uent in ?ﬁ%methOd
carfoerln(nmmﬂeo;ran sqlheadiers wast &lys orfbelde lmp ttdlgytic active
additio agueous_sol uti f at'nu itrat .
herobfFiflefl B0 PE Gt et pde Confolobd R Y HhRiy Listed
treat meatlatl 300G ffep hQUNS, USidNGame method as in Catalyst
hydr ogen- cont ai ni ng Eas% Maj or conponents of the
r esRF ERAE2DEOR b BRYREE (A- ¥CQBH 3§ paPpottAéredy material
ar e, as épgwgéan Table 1. In addition, specific
surface ar average conpression strength, solid
aciChoambydt Brebardnoa Exyspae 8t (AefureAnodqideus solution
cat al yst e nearl,y the sanme as those of the_carrier
it o PRI o P 6rte, atPon EREHpITR 2 { 8557 HFanysctive
of &&ﬁgﬂg@ﬁeﬁfeparatlon Exanples 2 to 7, the carrier

used in Catal yst Preparatlon Exanple 1 was
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20

25

30

tth§a%%hM%H9u§Fth!%ra%%ns&égueﬂéeﬁn«§§e Ca&ﬁtgiytige active
Catalysts (A-2 to A7) listed In Tab

pr@mmﬁﬁﬁﬁgenme same nmethod as in Catalyst 5
Pr AL t)}s%n lJ'EXe rg)raetl n%‘s%agrﬁé L h%t rt Of LWy s szalution

materi a ange paratron anpte
(A—o2r) plAnlaqmamrsrs@da Wridan ofudsohHesdilumiin satchMaSoiridium
used as a alytlc actrve constituent, 10 Catal yst

S pr &f5datd Briie a5tive agebhueRidtion  of
palda&m%mpké@b@a\a@%nugﬁgm@seaa ¢at-ah YIAS afleov® SO]ALrl]tlon of

constituent. Catalyst Preparation Exanple 4 (A-4)
aq@@@ﬁgjggrgpwéﬁte and an aqueous solution of rhodium nitrate
were used as catalytic active constituents.
Catalyst Preparation Example 6 (A-6): An aqueous solution
of chloroauricacidandanaqueous solutionofplatinumnitrate
were used as catalytic active constituents.
Catalyst Preparation Example 7 (A-7): An aqueous solution
of manganesenitratewasusedasacatalyticactiveconstituent
to carry out firing treatment under air atmosphere.
Major components of the resultant catalysts (A-2 to A-7)
and mass ratio thereof are as shown in Table 1. In addition,
specific surface area, average compression strength, solid

acid amount and titania crystal structure of the catalysts

were nearly the same as those of the carrier used.

(Comparative Preparation Example 1)

In Comparative Preparation Example 1, a pellet-likely



of platinumnitrate and an aqueous sol ution of
chloroiridium 15 were used as catalytic active
constituents. Catalyst Preparation Exanple 5 (A-5)
An aqueous solution of platinumnitrate and an
aqueous solution of rhodiumnitrate were used as

cat active constituents. Prep [

Xl 6 (AE) = AR BABBGUS. SSFAI oh S50 I fac An average
Ch'c@i&&éhféﬁ ael 8 mand an agieos 1salgdl ot of. Plrat,i rimaverage
nitrate were used as catalytic active constituents
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solid acid amount and titania crystal structure of
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five Preparation Exanple 1, a peliet-| |ke€h:g
10- Xhe fmuﬁamstlsca]m‘fal@arcrﬁ ara Masl iyge g1 tHve catag ersafaps the

di , . .
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kg/xrweraltcéren caatsamqmﬁ|ahcsufra‘ses:e:atarceacrwe@f85“ﬁmmmmown in
of 210 n2/g, a _solid acid anount, of 0.16 5 mml/g' and.
ti tEaR e clyst a@slardt‘jiétt&loél'ofsﬁ%%l bt mSHIEACFI 67T SRas 2Verage

an apalAses 1 3Pe+ rERg+&ONPat 8 i e Prepanat 08 Exadml e crystal
(A-8) was obtained by a nmethod for inpregnating an

15aqmttsm wtfi dheofathd YAt b yEi ReAELY VIR OTRILS tarerfthose of

t. Preparation Exanple 1, to the
carrl %r aE]%leqa é|/C%S)'n, 10 the aqueous sol ution of

pal l adiumnitrate was used as the catal ytic active
Cat GISAE T Yo g8 AT RO BT AE 2o shown

In Comparative Preparation Example 2, a pellet-likely
20 formed titania carrier was used. The carrier had an average
diameter of 5 mm, an average length of 7.5 mm, an average
compression strength of 8.9 kg/particle, a specific surface
area by a BET method of 0.54 m?/g, a solid acid amount of
0.19mmol/g; titania crystal structure of the formed carrier
25 was mainly a rutile type, containing certain portion of an
anatase type. The Comparative Preparation Example 2 (A-9)
was obtained by a method for impregnating an agueous solution
of the catalytic active constituent, similar to Catalyst
Preparation Example 1, in the carrier (the agueous solution
30 of platinum nitrate was used as the catalytic active
constitution). Major components of the resultant catalyst

and mass ratio thereof are as shown in Table 1. 1In addition,



Table 1. In addition, specific surface area, average
conpression strength, solid acid anbunt and titania
crystal 15 structure of the catal yst were nearly the
same as those of the carrier used. (Conparative
Preparation Exanple 2) In Conparative Preparation
Example 2.c awpelded alrekel ¥ve2@gboraRgrebbaBhastasngeh, solid
was used. The carrier had an average dianeter of 5
nmacdnl average drehgtitafiy oryajahrs@iretdyes of the catalyst
conpression.-str t 8.9 arti , i £
SUEP§€§§“§¥Q- Ggﬁgg%E%§ﬁ§%Hg§§%$ %£5§$§Q?§?§gggo %%d'
acid amount of 0.19mmol/g; titania crystal structure
of the forned carrier 25 was naini% g rutile type,
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Conpar ati ve Preparation Exanple 3 (A-10) was o
and mass ratio thereof are as shown in Table 1. 1In addition,

20 specific surface area, average compression strength, solid
acid amount and titania crystal structure of the catalyst

were nearly the same as those of the carrier used.
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15

obtai ned by a nethod for inpregnating an aqueous
solution 15 of the catalytic active constituent,
simlar to Catalyst Preparation Exanple 1., in the
carrier (In addition, the aqueous solution of
rutheniumnitrate was used as the catalytic active
constitution) . Major conponents of the resultant
catalyst and nass ratio thereqof are as shown in Table

1.
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(Catalyst Preparation Examples 8 to 11)

InCatalyst Preparation Examples 8to1ll, apellet-likely
formed carrier containing titanium oxide, along with a
composite oxide of titanium and zirconium were used. The
carrier had an average diameter of 4 mm, an average length
of 5 mm, an average compression strength of 3.9 kg/particle,
a specific surface area by a BET method of 47 m?/g, a solid
acid amount of 0.34 mmol/g; crystal structure of titanium
oxide contained in the formed carrier was an anatase type.
And the Catalyst Preparation Example 8 (B-1), the Catalyst
Preparation Example 9 (B-2), the Catalyst PreparationExample
10 (B-3), and the Catalyst Preparation Example 11 (B-4) were
each obtained by amethod for impregnating an aqueous solution

of the catalytic active constituent, similar to Catalyst



a specific surface area by a BET nethod of. 47 n2/g, a

solid acid amount of 0.34 mmol/g; crystal structure

of titanium oxide contained in the forned carrier was

an anatase type. 15 And the Catal yst Preparation

Exanple 8 (B-1), the Catalyst Preparation Exanple

9( Be2dpatheiSatakysl «Pr epakatl @ BExammbe adtl t(iB3) the aqueous

and the Cat al yst Preparat|on Example 1.1 (B-4) were
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carri‘er used. 15 (Conparative Preparation Exanple 4)

In mqfarcaﬁlvee Rrepater i opedExanpl e 4, a pellet-likely

formed carrier containing titaniumoxide, along with a
conposite oxide of titaniumand zirconi umwere used.

The( @ﬁrlgz&rarﬁzere rm:ﬁbmawemxagmakhlahet ér of 4 mm an
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by & Bk nehbedeof bhtHfiing sothdivacidgkiamunilohg with a
0.10 mmol /g; crystal structure of titanium
composite oxide of titanium and zirconium were used. The
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20 carrier had an average diameter of 4 mm, an average length
of 5mm, an average compression strength of 6.5 kg/particle,
a specific surface area by a BET method of 13 m?/g, a solid
acid amount of 0.10 mmol/g; crystal structure of titanium
oxide contained in the formed carrier was amixture of a rutile
25 typeandananatasetype. TheComparativePreparationExample
4 (B-5) was obtained by a method for impregnating an aqueous
solution of the catalytic active constituent to the carrier,
a similar method as in Catalyst Preparation Example 1 (In
addition, the aqueous solution of platinum nitrate was used
30 as the catalytic active constitution). Major components of
the resultant catalyst and mass ratio thereof are as shown

in Table 2. In addition, specific surface area, average



oxi de contained in the fornmed carrier was a m xture of
arutile 25 type and an anatase type. The Conparative
Preparation Exanple 4 (B-5) was obtai ned by a nethod

for inpregnating an aqueous solution of the catalytic
active constituent to the carrier, a simlar nmethod

as ¢omad &b yst Jreparat) e lbxaapl @ shdint aaddittonia crystal
t he aqueous solution of platinumnitrate was used 30

as $He chiEs i Chctqate bbristiargt neay Ly Mapofame as those of

conponent s, of . theyresultant catalyst and mass ratio
thereof are as shown in Table 2 In addition, specific

surface area, average - 31 conpression strength,
solid acid anpbunt and titani al structure of
th cat-al-yst were-nearly théﬁgéub%és those—ef—the

J
canrier used. 5 Table Pc&asalyst MihAinCedppbeahssarthd mass
mags nane ratio Cat. Prep. Expl.|8 B-i
Ti 02: Zr O2: Pt =80:20: Q. 2 N&AE. Prep| TEkAP 9 R-D
988 04RS00 00, Cob D hru Pl R
Ti 0ZatZr @2ehOZx80:.2%: | 4 @Golp. P EPO, Bid,: R4=B0520:0.8
Ti 02: Zr02: Pt=80:20:0] 2 ot e) [Cat. Prep. [.:
Cat Qa\}ct P@?Bp:ﬁ}%ﬁ}r -nrerFyarrpsafI;I% Cond Tl@@e%}ooza}?g;%o :20:0.4

Comparat pyep .Pra%&@{ .at11i30n Exampl e (Catal yato RPueparabt 90: 4

+

Exanptes—12 to 15y 10t CatatystPreparation EXanptes
12 | Comth, Paep pditmet - 4i kel y BF-&r med| €a®r i %1026 &itE&i0ni2g 0 - 2

titaniu i.de,_iron _oxjde, along wih a conposite.

oxi (%t&q] % i lﬁ‘ﬁpa'ndE)fQJOh' v%%ea%%steé%reﬁwaer agczr}% ' eE‘trxahmzfdl ©

an aver ageofipanetep- @kpld .MMCoabaavet@agepPrbpagbhioh. E4ample
nm an average conpression strength of 3.1 15

kg/ particle, a specific surface area by a BET net hod

of %2ta®/G mBe3Rldd Al daminds af @32 5yl / g;

crystal sStructure of titanium oxide contained in the :
10forned darriCatadastan Brepasetion Examples 12 to 15, a

pellet-likely formed carrier containing titaniumoxide, iron

oxide, along with a composite oxide of titanium and iron were
used. The carrier had an average diameter of 3 mm, an average
length of 4 mm, an average compression strength of 3.1
15 kg/particle, a specific surface area by a BET method of 52
m?/g, a solid acid amount of 0.32 mmol/g; crystal structure
of titaniumoxidecontainedinthe formedcarrierwasananatase
type. TheCatalyst PreparationExamplel?2 (C-1), theCatalyst
Preparation Example 13 (C-2), the Catalyst Preparation
20 Example 14 (C-3), and the Catalyst Preparation Example 15
(C-4) wereeachobtainedbyamethod for impregnatinganaqueous
solution of the catalytic active constituent, similar to
Catalyst Preparation Example 1, in the carrier (In addition,

the agueous solution an aqueous solution of hexaammine



10

15

20

25

30

type. The Catal yst Preparation Exanple 12 (C1) , the
Catal yst Preparation Exanple 13 (C2), the Catal yst
Preparation 20 Exanple 1.4 (C-3), and the Catal yst
Preparation Exanple 15 (C4) were each obtained by a
met hod for inpregnating an aqueous solution of the

catabytil ¢ ag HY%X?Q%S%' 5t Hﬁ@t cathihat betiGat dgfsitituent in

Pr eparati on he carrier (In addition,
theaaq&eemsPSQDMMaM1qm1EKWWQMS sdl Uthonaghepegagmiiiidon an

Coﬁg{pﬁglﬁg;{sg m hydr %%&?otge%gﬁ%fat&%§£ge aggl \Zl?le catalytlc

aqa@@%esebﬂgt@ﬂuaﬁt 26 USOs] pot Lﬂﬁ@hzﬁitxm’ﬁ mmpne 13, the
rut henate as the catalytic active constituent
CaBaP§SHSPFEpHF APROANERERBPES130 11k OB Qﬁueé&éadlum nitrate

soLution an AqHaQus g9kt LoRs o1 rRaht adi @Qt@lty'ﬁ ®re@pRiration

the catalytic-active constituent in Catalyst
F’r Bpampf.eoh4, Eamirm@ aqpeand sheéubforows aBlerydeEiition of
queous _sol uti

caTERYEnESge P I82E6n 40 TBnicd Lt el Sor B epaRatisRent in

EX@H@bEyéﬁ PARIR: ridseitn Ex&fﬁppé 16&&)@1&91&3 10 M)éj theomponents
resultant catal ysts (G 1

t hefddre rg§é15§n§W}ry§’e{%Bpe 13to ICn 4§a CH“éﬁS ratio thereof

?‘f’éféscsggﬁzﬁaﬁ? a8 3, avE{ 2981 690Rr essteNf sErangtdte area,
solid acid anpbunt and tltanla crystal structure of

t hevgaaaéymmm%smraratyetrmtfsaﬁ@lag aghgsunging pgd titania
fﬁcr:rése ?Zegi’u g ggjg.ga£§g gtgiﬁgég%kgn E?"PI@] € @ same as

rve reparatlon anpte 5, a pellet-l
f othedecarrtke captakmi ngeti.t ani um oxide, iron OXIde,
along with a conposite oxide of titaniumand iron

were used. The 20 carrier had an average di aneter-' of

3 mmgarayﬂrégpré?agbhloﬁf F4afipl caB)aver age
conpression strength of 3.0 kg/partlcle a specif

surf acelArGemDAT 2t BET FRanrkR oo EXRIRLE 256l Pﬁllﬁ& gikely
gpkegfcaorr]lze L { glnglrr%(gsnggltaﬁﬁﬁhﬁcék'{gePflféﬁ YUiHB, along

OXI contained in t carrier was an anat ase

t ypeth a composite oxide of titanium and iron were used. The
carrier had an average diameter of 3 mm, an average length
of 4 mm, an average compression strength of 3.0 kg/particle,
a specific surface area by a BET method of 97 m?/g, a solid
acid amount of 0.12 mmol/g; crystal structure of titanium
oxide contained in the formed carrier was an anatase type.
The Comparative Preparation Example 5 (C-5) was obtained by
amethod for impregnating an aqueous solution of the catalytic
active constituent, similar as in Catalyst Preparation
Example 1, in the carrier (In addition, the aqueous solution
of palladium nitrate was used as the catalytic active
constitution). Major components of the resultant catalyst

and mass ratio thereof are as shown in Table 3. In addition,

specific surface area, average compression strength, solid



25 The Conparative Preparation Exanple 5 (C5) was
obtai ned by a nethod for inpregnating an aqueous
solution of the catalytic active constituent, simlar
as in Catalyst Preparation Exanple 1, in the carrier
(I'n addition, the agueous solution of palladium
nitrate wasumsesnastipgncat abybtelastiverde of the catalyst
constitutionLyNhgor conponents of the resultant
catedystneanty ni8s FaFffoafhehest afetBe SABHWMST nuTaBt e
3. In addition, specific surface area, average
conpression strength, solid - 33 acid anount and
titania crystal structure ofTéheecatal yst were nearly
t hg same as those of tre carrier Jﬁed. Table 3 g
Catlal yst Main conponenit $@5a4Y fhss | MAdRe SPIPPGCRLE, and mass
Prep. Expl. 12 C 1 Ti 02n53m&e203 : | PRES0:50: 0.2 Cat.
Pregp—EBxpt— 13 C2 Ti02 7 Fe203 T [RU=8 0 2 0. 0 . 9
Cat|.Cat epreBxghzpl141€-3 Ti 621 Fe203i0pdE@@:28t550550:0.2

. 1 . ) - . - .
o Conprepr GO s e 2t 00] (ROHbEhatial 578002 ]
5 5 ¢dNo! e} eEatExPr ep4 [Expl c-3Cat al ys0, Arejoat atEen:20:0.5
Exgnmpte Conp. Prep. BEXpl.:. Conpafative Preparation
Exarfiite- PeERarfptRl 15 nt 0 &m4aut ot Ta0e ffeQs 1 Yp02=60:20:3

ti tigni ym Bauing: ioners jvol uges 10 1099; ke, £AulPREd20: 0. 5

H £+ | +. A
W tth—a—=stt++retr—20t—of—the—cata

(@3]

(A1) —=and—200
smL efotwa)st@iat ePrawer eExhar gedatahgstai Prewsrantomdicer Lle
so that. pressure bec 2.4 MPa (Gauge) .Then, _. .

t enper at u QHWMa§dfﬁ%s§g§Gp‘t gﬂﬁﬁgg%#%%a%ﬁﬂﬂﬁﬁﬁﬁjgﬁ Example
stirring speed of 200 rpm after the tenperature

reached 160C, treatnent 15 was carried out for

1. 5ol nlladdi ti on, treatnent pressure was set to

be 4.1 l\frpcc( g’%ugﬁ):.oc LLer mngQuml £1;03 nGlint Hgving inner volume

treatnment, the autoclave was quenched to take out
10t r et0sd-ml i ggind ppEkiew el teenti ereuseld nh ehéhereataemgt (A-1)
\Nasar%ﬁgioo nl. of wastewater were charged, and air was introduced
so that pressure became 2.4 MPa (Gauge). Then, temperature
was raised up to 160°C while stirring at a stirring speed
of 200 rpm; after the temperature reached 160°C, treatment
15 wascarriedoutforl.5hours. Inaddition, treatmentpressure
was set to be 4.1 MPa (Gauge). After completion of the
treatment, the autoclave was guenched to take out treated
liquid. The wastewater used in the treatment was one
discharged from production processes of aliphatic carboxylic
20 acids and aliphatic carboxylate esters containing such as
formic acid, formaldehyde and acetic acid, and (a COD (Cr)
concentration was 22 g/liter). The resultant treatment

results of wastewater are shown in Table 4.



di scharged from producti on processes of aliphatic
carboxylic 20 acids and aliphatic carboxylate esters

contai ning such as formc acid, fornmal dehyde and

acetic acid, and (a COD (Cr) concentration was 22

g/liter) . The resultant treatnment results of

wastewat er. _ar,e. sh in Table 4. - 34 (Exanples 2 to

7) ( & gLr?eS \%‘/aétt%eg ter was treated by the sanme nethod

as in ExanphRelyvaexerwptetrhatbsthecztdllygtshevesane method as
changed each to A-2 to A-7. The res It% are sho ind h
TaBle EXamp lecdnp8raEPY e LBRANBFPES CETAGYS) STRHE T$a i anded eac
wastewaber was st repied byuihs sapesABlhodnagabile 4.

Exanpl e 1, except that the catal ysts were changed each
5to A-8 to A-10. The results are shown in Table 4. 10
Table 4 _Catal ys reat,. used Efficiency

Exaror &2t @ }Y%9§a§cgg?§%%gpl)lettf A2 90% Exanpl e 3 A-3

93% Exaiipl eatte Avds O8%at &Ex amps et He e &d 38t Hex aapplee i thod as

A-6 98% Exanple 7 A-7 90% np. le 1 A-8 83%
Conp. PERBRbEC 2 AFECBT0G Hebnb S ERARPIASS SAVEG S oed each
(Neieh-GowB. nExXBID! the Conparati ¥ee Expaphein( Exane! @ .8)

15 Treatnent was carried out for 200 hours under the
10

Table 4

Catalyst | COD(Cr) treat.

used Efficiency
Example 1 A-1 98%
Example 2 A-2 90%
Example 3 A-3 93%
Example 4 A-4 98%
Example 5 A-5 98%
Example 6 A~-6 98%
Example 7 A-7 90%
Comp. Example 1 A-8 83%
Comp. Example 2 A-9 673
Comp. Example 3 A-10 50%
(Note) Comp. Example: Comparative Example

(Example 8)
15 Treatment was carried out for 200 hours under the

conditions described below, using an apparatus as shown in
FIG. 1. Inside the reaction tower 1 (a cylindrical one with
a diameter of 26 mm, and a length of 3000 mm), 1.0 liter of
the catalyst (B-1) was filled. Wastewater subjected to the



condi tions described bel ow, using an apparatus as

shown in FIG 1. Inside the reaction tower 1 (a

cylindrical one with a dianeter of 26 mm and a

l ength of 3000 mm, 1.0 liter of the catalyst (B-1)

was filled. Wastewater subjected to the - 35

t r eat 8BBheaS waARE dH&Chasgrarfeamracahen @aniplaAntplant, and
and contained a_solvent-type organi c conpound. In .
addfenbainedd spEvEnst tyRe wedteidcomPrasidi4 §7 1Fdddiion, COD
The upgt gpat oL was: syoRLied Lo 1t4h<§,/\m@wat er supply

5 punp’ 5 through the wastewater supply line 6, and

after beThg wéedewatler waer eapphgepr ésstihe vasaefdosw supply

rate of 2.0 liter/hr, heated up to 230C by_the .
st DTS R E SRR PUatth = RIS A8E: n TehaFter being
frofed heydeat t aAYERereaf pr&Ss@re din avElsow sHpplded. bromer/hr,
t he oxygen-containiga gas supply line 8, and 10 after
pressred vigR Fai$é ythEh€o§%?Eé§6rP7}ta?r,a%%§“¥¥ﬂied to
moxg JddQ e cWashevet £in alhd BE RORI LA QP DEf 08 siheair was
heating unit. 3, under control of flowrate by the
oxygare Loed af mim ¢ hya o x deow corouaitn oontgesl svapyeg 9ineo8, and
that .02/ COD (Cr oxygen_amount_. in_suppl ' . .
1Oga§?%ﬁ?hgﬁﬂé%& g&ﬁsdgﬁﬁﬁa 0 yﬁ%%?gﬁnggfggééghglf5w§§Huxed
0. idt®ddid wastcwitidie ateabtipdsioies befdhetheeadaeg unit
was carried out inﬁgfs-liquid upwar d concurrent flow
I n Thendeiaaqndt Yo £ Merpéralr BNBT OX AESNERIMRIRNY 9as
vasy 1k Bhalinedt oty £B061v8i NIsthe 8! epiddre (@fv“)at(@ky%en amount
to carry out. oxidative deconposition treatnent. The
r esiyl tsaamo Ity @asddNamjuial way 20 semendoof hea gagwaiqui dpecame
1586%&?} I %31 g&ait}%n\”ian tttﬂ% Eéggéfgn 143&3%' g, lt:h%eti%ga{rgént was
gas-l1quid separati bn. I'nthis case, 11 qui evel was
detceatreitkdbyoutheid igusdligued cowardl tenclurémt tiiktow. In the

gas-liquid separation unit 11, the treated liquid, .

S oL TF GRAE o FEREET TGt 6 TN SEbRY T oF: AP 1ntained
13,ats030kat us 28gthes ld1Htd- 1 evehrwas2 paigtarRg@dout oxidative
constant. Also, the pressure control valve 12

de AP IsUY & Hps tip TP es Stice FESHEFBNFef repsd drigiuid was
ZOCO%ternQ:I Iteod ttl'rée ggse—s’_&%ﬁéoséﬁafé)tp& gl @ ned Alche treated

liquidline 10 forgas-liquidseparation. Inthiscase, liquid

[6)]

level was detected by the liquid level controller LC in the
gas-liquid separation unit 11, and the treated liquid was
discharged from the liquid level control valve 13, so that
25 theliquidlevel wasmaintained constant. Also, the pressure
control valve 12 detected pressure using pressure controller
PC, and controlled the pressure so as to be maintained at
5 MPa (Gauge). The resultant treatment results of wastewater
are shown in Table 5.
30
(Examples 9 to 11 and Comparative Example 4)

The same wastewater was treated by the same method as



5 MPa (Gauge) The resultant treatnent

wast ewat er

treated by the sane nethod as -
except that the catal ysts were changed each

Téf‘;?ar@é“és Al & AN

Catafyst

results of

are shown in Table 5. 30 (Exanples 9 to 11
and Conparative Exanple 4) The sanme wastewater was

(Cr)ireat

useghéfg4

36

a%. a

Cle

i n Exanpl e 8,

to B-2 to

I
é%anp h%§ged each

B- @742 BExanpt . 9TBe2r9$%ﬂtEanplehb@nBlﬁ,E@%le 5.

Exanpl e 11
Conp. Exanp

B- 4
| e:

90%

Conpar ati ve Exanpl e

(Exanpl e 12)

Treatment was carried out f@pp32@0shours under the

condi ti ons

Conp. Exanple 4 B-5 64% 5 (Note)

descri bed betow,

using an

apparatus as

shown in 10 FIG 2. InsideCehelvssctfon(Evhereal.- (ja
cylindricaljone with a dia r, of 2 Ier th
of 3000 m'l') +—0—ter GTEtSLger cat %mCEQ&CQ g
filled. As masimm@ée@ subjacteﬁ—lo the trea%nent one
cont ai ni ng a noni oni ¢ type] pol a carboxylic acid
and al cohol SE¥#®PiRel Al sp (Cr) af tHES” 15

wast evat er was. 16 g9/4g ter. Thq}mgstemater yas suppl|i ed
to the wastewater—suppty —punp—35—through—the

wast ewat er (stuppiyld ile 36, | andB-ef t er| bei ng®0% ed under

i ncreasi ng pfessu e in.a ow e gf 1. jter/hn,
heated up tio-dBECEEFTPLE 4k i ed

5to 20 the ra@&ﬁépmamem%ﬁl@mdda@mgmtmre@ie

10

15

20

Al so,

air was
supply line 38,

and

supplied fromthe oxygen-containing gas

(Example 12)

Treatment was carried out for 200 hours under the
conditions described below, using an apparatus as shown in
FIG. 2. Inside the reaction tower 31 (a cylindrical one with
a diameter of 26 mm, and a length of 3000 mm), 1.0 liter of
(C-1) was filled.
one containing a nonionic type polymer,

Also, COD (Cr) of the

the catalyst As wastewater subjected to

the treatment, a
carboxylic acid and alcohols was used.
wastewater was 16 g/liter.

The wastewater was supplied to the wastewater supply
pump 35 through the wastewater supply line 36, and after being
fed under increasing pressure in a flow rate of 1.0 liter/hr,
heated up to 165°C by the heating unit 33, and supplied to
the reaction tower 31 from the bottom thereof. Also, air was
supplied from the oxygen-containing gas supply line 38, and
after pressure was raised by the compressor 37, air was mixed
into the wastewater at the position before the heating unit

33, under control of flow rate by the oxygen-containing gas

37



after pressure was raised by the conpressor 37, air
was mxed into the wastewater at the position before
the heating unit 33, under control of flow rate by

t he oxygen-containing gas - 37 flow anobunt contro
val ve 39, so that 02/COD (Cr) (oxygen anount in

up@i&wﬁﬁ%ﬁﬁ@%ﬁjqg%ﬁ?%¥9§g3@?@999h9£O@@ééSW@ﬁﬁr?oﬁxgenamount

s
becane 0.9. In a Ion, the treatnent was carri

outin rsugrely reeactdhemitaatero:3dm dgasnld gui dadowwaaed) became
concurrent flgqw..5 In the reaction tower 31, . .
{onfber at UFe. BROE hioRas fknt o WHE N ol A al AEA 56, CHiscn the
usih dtheoel eskdt caneat efa 3211 §@i galdynwOHE OXhdattagr flow.
deconposition treatnment. The resultant treated liquid

Swast it édied se6t80C byvWeRe3 EodiSTREIAMIHI B yithe yRgtewater was
tr %?af]i%,iia%ﬁ ¢ gl O‘tous%g; then e%[%ft%ﬁ%%to,ég@ra@?, 0o carry
e I 42. 1In

di schar ge om the pressu control valve
addiuti omxidgalte ver edsapepoentioh vatestm@ntet ectbd resultant

pressure i.ng .pressure . contraller, PG. and controll.ed .
Phe miedne Bt 82d o St S md de Felva n8 B nitaa via
( Garge) t redbed dilsehravgedi gas 4and dridjut len Welle@ reeBluri@ed and
the gas-liquid separation unit 41 for separation_15 of

10 gaglidgd anans 4romhd e S@ssaie FPRAFRBNTAF e’ Ji4-s b addition,

2ﬁ§%@¥ﬁé§s§%§c§ﬁ@W@#Jﬁﬂ- %Ed%téé@g§$%§§s&§eh%iéépressure

Conpar ati ve Exanple 5 e sanme wastewater wa
t r gardd dyl ethePSanenpetdrott rasl 120 fhe Epagslsairg?, so as to be

except .that 1he S were changed h 0 G2 o
S B e e A UG e g R o 3% Snd daquia
Catvalngst e £ONLCr he qiged tdeiad sephichitdioaneyi Exdnpbe skdaration

- 0 - 0, - 0,
15 gé&gﬁ%{g%gﬁ%dngllggégdc 2 'ng?e/o I'E)é%r{[’)cla%tlAftrc':estn?eln/’g results of

wastewater are shown in Table 6.

(Examples 13 to 15 and Comparative Example 5)
The same wastewater was treated by the same method as
20 in Example 12, except that the catalysts were changed each
to C-2 to C-5. The results are shown in Table 6.

Table 6
Catalyst | COD(Cr)
used treat.
Efficiency
Example 12 C-1 86%
Example 13 Cc-2 80%
Example 14 C-3 81%
Example 15 C-4 718%
Comp. Example 5 C-5 66%

(Note) Comp. Example: Comparative Example



Conmp. Exanple 5 C-5 660 (Note) Conp. Exanpl e:

Conparative Exanple - 38 (Exanple 16) Treatnent was
carried out for 200 hours under the conditions

descri bed bel ow, using an apparatus as shown in 5

FIG 1. Inside the reaction tower 1 (a cylindrical one

wth a diameter of 26 mm and a | ength of 3000 nm |,

0. 51liter of the catalyst (C2) was filled.

Wastiwwatele subj ected to the treat ment was one

di scharged froma chem cal | ant_ and_h cont ai ned

sodi um s ??Eﬂ?n%oaﬁﬁnf?ﬁﬁ&ﬁﬂf%ﬁ% g?r %?qlk% Uias Upger the

usethnd it Bk tdebrigd enbwof ukhagwnast gygs eatwesa2bBhown in
g/liter. The wastewater was supplied to the

5Was'-?tléi/bat1er §a§b¢9 thrimsastirnobighet e (RaS¥ eéhpgsical one with
supply A& B o a@@ ! eénc?%{ ﬁ%ngftfﬁdofn?550'ﬁﬁf 93(§5I§1911ter of

pressure in a flow rate heat ed” up
to tl%eabyﬂltyiw h@aED neg sirfiitl 13d anWaSUpplarted $abjisctad to the
e_bottomther

1.
e s igne s R ORIV RS iR ab R apd has

ga%o‘hltﬁ\(ﬂdéd EBEiufd s & | ebdpesSshi €swasataicedhbylike was
the conpressor 7, air_was mxed into the wastewater

10 at Uspesl -pod Pra it HeTior EOPHE Meaf ithg "amtevatenmder 20 9/ 1iter.

contr ol f th nt.ai.n
f1 ow arm'I(grrﬁ V}g?# V%[teevrgﬁ\?e gau?)@él%%t@ gt% %ge 'wﬁ%(t%gl)ag%sr supply

( oxygensS @mmh|tm<—:suppltngastcﬂeml:sallmeyéena@@maﬁ@r being
of bhecane ddition t

o e Sk BRI R P St £ 40T ugP ot 088 o TR e/,
upwakd econguricents sPlcowy the hbeathiagctinan BOWahdlsupplled to

erature of the wastewater was 25 i nt ai ped _at
15 16%?3 CuSPRGTERE BPERT rd LTRELBP ]%Ot‘f%mcr@}‘ﬁﬁo ut In addition,

Oxixdat {8 POSI AR theedk PBah -cdheal #8HGteME supply 14
treated |.§‘5§‘3 was cooled to g%c b<3:/ t he coo |(%g§ unlptp4y e

vi 8, ehe eLéaredreisgurd WegeradsednByt RBg compressor 7, air
RS o ey At ULE RATR  eppatng
valnetl12, detéet exbrpresls wifef Uswngptpe égstihe oxygen—-containing
20 gas flow amount control valve 9, so that 0,/COD (Cr) (oxygen
amount in supply gas/chemical oxygen demand of wastewater)
became 2.0. In addition, the treatment was carried out in

the reaction tower 1 in gas-liquid upward concurrent flow.

In the reaction tower 1, temperature of the wastewater was

25 maintained at 165°C using the electric heater 2, to carry
out oxidative decomposition treatment. The resultant
treated liquid was cooled to 50°C by the cooling unit 4 via

the treated liquid line 10, and then depressurized and
discharged from the pressure control valve 12. In addition,

30 thepressurecontrol valve 12detectedpressureusingpressure

controller PC, and controlled the pressure so as to be

maintained at 0.9 MPa (Gauge). The discharged gas and liquid



controller PC, and controlled the pressure so as to be
mai ntai ned at 0.9 MPa (Gauge). The di scharged gas and
liquid - 39 were sent to the gas-liquid separation
unit 11 for separation of gas and liquid. The
resultant treatnment results of wastewater are shown
in e Egggg{
Th g£g§%§e§5§?%&§%e b l}%?gggé Jhéiggﬁgxﬁg?%% Q%%aratlon
i n Bxagps eabd, leixpept. thﬁhetmasummﬁmwtsraeteeohangﬁddts of
each to C 4 and C—5 The r uits are shown in Table
7. S IR 7 ot o YT O BFY LS ubed treat
Effl ci ency Exarrpl e 16 C2 88% Exanmple 17 G4 79%
Conp. Exanple 6 C-5 51% (Note) Conp._ Exanple:

SCor&anaétHl@e B ansl €omaemtive BRaBPb3uPe of Japanese

10

15

Pat ent |n%%hd|%§tg%€t%gog %6§§%Ztghl ? PReMBERB method as

1.0, 20 specification ai ns,
dr dwi Egampaed1§unﬂaceparEhancbhpocateEYShereenebqhanged each

L RI9E 0 43, T L 0.0, WAT LG GAED S

catalytlc active constituent containing at Ieast one
kind of an elenment selected fron1the group consi sting
of manganese 5 cabalt, ni ck@Pl&erium tungsten,
copper, silver, gold, plati nélgr%ag gJCac&(E{m Odl um
rut heniumangd iridium or. a conpound reof, and a
carrier constituent containingsed | egstreme. klnd of
an el enment selected fromthe group con %ié%EnOf

iron, titani| - _ H-Aum-and zircon:un?yor a
Example 16 c-2 88%
Example 17 C-4 79%
Comp. Example 6 | C-5 51%

(Note) Comp. Example: Comparative Example

The entire disclosure of Japanese Patent Application
No. 2006-065517 filed on March 10, 2006 including
specification, claims, drawings, and summary are incorporated

herein by reference in its entirety.
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10 conpound thereof, characterized in that a solid

acid anount of said carrier constituent is equal to

or nore than 0.20 mml/g, a solid acid amount of said
carrier constituent is 0.20 to 1. O mol /g, an anount

of 8 ngle nmet al - based catal ytic active constituent

is_0. to 3% , relative to said 15 carrier,

angﬁéﬁ &ﬁDGiél§¥Iy%§$ansition net al - based catal ytic

active Qonéétéyggt I 500. Lak@ea@¥eby tBsstmeetatdom@dising a

said carrier The catal yst according to claim1,
whéﬁ@@ﬁYél§pé€FﬂW@ courfacEeatesopt adaigddcatal et gne kind

g(r) %’Oanv\%lggtégt %e?tte rSatlystoaseandiing ite &t ﬁlaﬂblmese,

ereint cata yt|c active constituent is at
| easbadne kiinckeof, oeeiemﬁntungetecte@dppﬂnﬂh%l@V@up gold,

RBAP b Pt RENTGRCARa FFCARN . BRCACRoRRonRg L Tuium, or a

t hepgpbundSthertbe, Céha|MSbaaEQQEdtﬁgst@tﬁéﬁtnﬁoﬂthmning at
3, wherein the catal tic active constituent is

| easesSERaKk A G 2k CEPBRBASSISAEC BEOT FBWWE@FB%HUHQ

COBE §Ebﬁg Qﬁt@%ﬂgﬁpe%ﬁlﬂ@dﬁ'lgﬂnmlﬂﬁﬂléﬂﬂl&ﬂrconlum, or a
rut heni um and gol'd, "and a conpound thereof. 5. The

catampsundctb$de0§ tcharpctonel sfd drafhstia tsplgd acid amount

30_th
SheteL By 008 CaLTl SEALORR LUeDL.LE, 25 LAY cnan 0.2

t i fuaBsl ug) oxi gel anda @iy axidmtofof abideastrare kbndtofuant is
netal sel ect ed fr m t he group onS|s

zi Pedfitent - Prdiel /<1 PRGN @ '?r%t&%héaéﬁé?%?lytlc

acgof d,89-4QsaMyuone of @l@ﬂlﬂ% E/t%y5ma@@er@bmat&b@ to said
carrier constituent is a titaniumoxide, or a m xture

or Car thaPoSiNte avxdmeubeied TATHHi LR BRitdé ~argesncatalytic
OXId Qé gogétigﬁgﬁtofg &Ifq:o%Oa ngs§e|§g&gglegogb said

thac roup consisting ~of Zirconium I'ron
cat@inéraccordlng to any one of clains 1 to 6,
22§;?:?@%%?§§§§%y% %&&gnqu%?%xPEl%%%g1?a&£ere1n a specific
surface area of said catalyst is 20 to 70 m?/g.
3. The catalyst according to claim 1 or 2, wherein the
catalyticactive constituent is at least one kind of an element
selected fromthe group consisting of manganese, cerium, gold,
palladium, rhodium, ruthenium and iridium, or a compound
thereof.
4. The catalyst according to claims 1 to 3, wherein the
catalytic active constituent is at least one kindof an element
selected from the group consisting of manganese, platinum,
palladium, ruthenium and gold, and a compound thereof.
5. The catalyst according toanyoneof claims 1 to 4, wherein
the carrier constituent is a titanium oxide, or a mixture

or a composite oxide between titanium oxide and an oxide of

at least one kind of ametal selected from the group consisting
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to 0.8 mvol/g. 1.0 8. The catal yst according to any
one of clains 1 to 7, wherein the specific surface
area of said catalyst, is 25 to 60 n2/g. 9. A nethod
for wastewater treatnent conprising treatnent of
wast ewat er usi ng the cat al yst accordi ng to any one of

9 avt\gzzrlmo gt e Iy rea rfenStTlhle g%ggg? or sai vvats?e\(/:vla?Ie;n
IS(ﬂarrﬁmda@Mtabysmetc@XUda@Hﬂnanyonéﬂyfclalms1tx>5,wherein
the carrier constituent is a titanium oxide, or a mixture
or a composite oxide between titanium oxide and an oxide of
at least one kind of ametal selected from the group consisting
of zirconium and iron.
7. The catalyst according to any one of claims 1 to6, wherein
the solid acid amount of said carrier constituent is 0.22
to 0.8 mmol/g.
8. The catalyst according toany oneof claims 1to 7, wherein
the specific surface area of said catalyst is 25 to 60 m?/qg.
9. A method for wastewater treatment comprising treatment
of wastewater using the catalyst according to any one of claims
1 to 8.
10. The method according to claim 9, wherein the treatment

method for said wastewater is carried out by wet oxidation.



