Description Title of Invention CATALYSTFORTREATMENT OF WASTE WATER, AND METHOD FOR
TREATMENT OF WASTE WATER USING THE CATALYST Technical Field [0001] The present
invention relates to the treatment of waste water. More particularly, the present invention relates to a
catalyst used in the treatment of waste water, and a method for treating waste water using the catalyst.
The present invention also relates to a method of treating waste water containing nitrogen-containing
compounds by a wet oxidation treatment in the presence of a solid catalyst (hereinafter, a wet
oxidation treatment using a solid catalyst, arieEa prethad far the treatment may also be described as
"catalytic wet oxidation treatment" and "catalytic wet oxidation treatment method", respectively),
thereby purifying the nitrogen-containing tompouhd'if fie whlte water, and making the waste water
innocuous. Bagkgreend-Att (0002} Msthads for thetreatment atwasts waier hal Arey T
conventionally known include biological treatments, combustion treatments, the Zimmerman process,
and the like. [0003] As the bialegicaktreatmrerts, aesobic tresmentsucdras an activated sludge
process and a biofilm process; anaerobic treatments such as a methane fermentation process; and
combined treatments of aerobic treatments and anaerobic treatments have been used hitherto.
Particularly aergbi.c trea .eni%using microorganisms are widely employed as a method for the
treatment OF\?V%SRB]'V(\:I%?EI’. ﬁgwever, in aerobic microbial treatments, since bacteria, algae, protozoans
and the like @rggnytually interacting in a complicated manner, when a waste water containing high
concentrations of organic substances or nitrogen compounds is subjected to an aerobic microbial
treatment, dilution dfttke wwaste matén aenddjostnrerntadfgd tand the tike atennecessaryads oeder to
provide an environment appropriate for the growth of microorganisms. Therefore, the apparatus or
operation tH&tE6f s coffplicated Farnd smte excels SRIFURER prodtiedd, 1R &xebss Sfudde 5
necessary tgaq:eat eated as %eill. Thus,.aero irgerplitcrggie%g freatments Qavgnadﬁgoble{@lghqatftgg overall

t

ﬁ$ %68 n the'trea, aste wa , me
treatment cost Is high. [ mbustion treatments have a problem at since expenses such as

fuel cost incrctheiprgcrsscosidnarkedly increasesif algrge. amopatofyvaste watesis treated.
Furthermore, there is a risk that secondary pollution caused by the exhaust gas and the like resulting

from combustion may atewr. [0005] met g Zimrmerndr peooess ivolvdstreating-wastenwater at high

temperature and high pressure in the presence of an oxygen-containing gas. However, the
Zmﬂne”naﬁbﬁﬁgggn—contalnlng compounds by d Wet oxidatidn treatment in

the presence of a solid catalyst (hereinafter, a wet oxidation
treatment using a solid catalyst, and a method for the treatment
may also be described as "catalytic wet oxidation treatment"
and "catalytic wet oxidation treatment method", respectively),
thereby purifying the nitrogen-containing compound in the waste

water, and making the waste water innocuous.

Background Art
[0002]

Methods for the treatment of waste water that are
conventionally known include bioclogical treatments,
combustion treatments, the Zimmerman process, and the like.
[0003]

As the biological treatments, aerobic treatments such as



generally has low treatment efficiency, and also requires secondary treatment facilities. [0006]
Particularly, in recent years, a wide variety of pollutants are contained in the waste water to be treated,
and also, high level quality of treated water is demanded. Therefore, the conventional technologies
such as described above cannot sufficiently deal with such demands. [0007] Thus, for the purpose
of obtaining high quality treated water with high waste water treatment efficiency, various waste water
treatment methods have been proposed. For example, attention is increasingly paid to a wet oxidation
method using acsolid catalgsts(hedeinafer siaplyedescribedds batdlyicaes oxidation eatment
method"), because high level guality of treated water can be obtained, and the method exhibits

excellent edonomic BficTeRty 117 5radP s eARGNCEHE Tealmaht RFRTETS/ arB IHrSiGHLtR Of such a
catalytic wet pxidation treafment mpthod. varigys catalysts have besn suggested. Far example,
catalysts in which noble metals such as palladium and platinum are supported on base materials such
as alumina sikoa-alsmina,isilicargel and activiated €atbon, have ibeentstiggestet-(forexample, Patent
Literature 1). Furthermore, catalysts comprising copper oxide or nickel oxide have been suggested (for
example, PRieHE PRERAGESP)S [0D0S] Hiwel el parictfarly wilitidtafditotid fdatmehtenivaste water
containing r(gi%ro%%n-containing porﬂg%unds there haasrbebelnca IRrobler’?ifo Iotnlgetggt redttide occurs or

e

te .wate eve 1n aero 1Cr me
musty odor generastes, it Sea areas, lakés, swamps, Tivers and the Tike as @ result of ’

eutrophicatigny and this prehlgm isknown t9.ba eausadkby dischatging the nutdtiyg salts of nitrogen or
the like contained in the waste water to the water areas. For this reason, regulations for effluent in
relation to nitnagerehavierbeem eaforoech. However, oalyriprtreatments ova coaveaticnal activated
sludge method and the like, nitrogen-containing compounds cannot be sufficiently removed. Therefore,

in many caséd? BadehittificBHcH protRSE T hEde<RRRy O b@RER Frovitedt f8H6d} °F Conventionally,

as the methock for eating waste water contalning nitiogen-cantaining, gampounds, biglogical treatment
methods such as an activated sludge treatment method, combustion treatment methods, aggregation

treatment methadsiusing anianie polyraer ageregating agents: angkthedike haverbeenremployed.
[0010] On the other hand, as a method for the treatment of waste water containing
nitrogen-coatainingcompsurds; ametiscd ofwen oxidationtusing avdatalysthas beenarprepssed (for
example, Patent Literature 3). This is a method of treating waste water at a temperature of 100C to

370C undePIHRTPIBEQ e TArtitions A T8t Fioult GhaSE It te Presence s particutar tatalyst,
while a gas gontgining Oxyden is-syunrlied-faceording to Shis freatment mefhad; e nitrogen-containing

compounds in'the waste watér can be converted to nitrogen gas, water, carbon dioxide gas, inorganic
acids, ash, lowerqaolecylas svgight organiec ssubstancasiard tbenlikes; andpurificaton caadeeiachieved.
Prior Art Literature Patent Literature [0011]
aswell. Thus, aesrobicmicrobial treatments have a problem that
the overall treatment cost is high.
[0004]
Combustion treatments have a problem that since expenses
such as fuel cost incur, the process cost markedly increases
if a large amount of waste water is treated. Furthermore, there
is a risk that secondary pollution caused by the exhaust gas
and the like resulting from combustion may occur.
[0005]
The Zimmerman process involves treating waste water at

high temperature and high pressure in the presence of an

oxygen—-containing gas. However, the Zimmerman process



Patent Literature 1: JP-A-49-44556 Patent Literature 2: JP-A-49-94157 Patent Literature 3:
JP-A-2008-93539 Summary of Invention Problem to be solved by the invention [0012] However, in
general, the components contained in the waste water are not a single component, and waste water
frequently contains scaling materials which are catalyst poisoning materials, in addition to organic
compounds, nitrogen compounds and sulfur compounds. Thus, with the catalyst described in Patent
Literatures 1 and 2, these components could poison the catalyst surface then it becomes difficult to
maintain higiefreatment gerforiance rf@lBENt Fhéirsatment obNitrogéacontainihgTdmpounds can
be carried out with high efficiency according to the catalytic wet oxidation treatment method described
in Patent Lifst&fnd 3! Ho%@@ﬁ%@ﬁ%néﬁﬁ%ﬁ?ﬁa‘ture of the waste water, the catalyst may
deteriorate, thgR.it becomes difficult to maintain high purifying properties for a longtime. Also, with
regard to the catalysts used in the above-described methods, since highly expensive noble metals are
used in large amountsy the-catalys{ costris highs mindyithas hbeen ecaromically disasivantageous. [0014]
As discussed above, the treatment of nitrogen-containing compounds can be efficiently carried out
according t&tHe B&ralfie weogication reatrerit Methddtdesdibed inPaferitlSeratre 3 However,
depending on the treatment conditions or the nature of the waste water, large amounts of nitrate
itogen anT S LB e BTl diaing (6 (R BnE i hat 1Sha SOl higher tota
nitrogen treaentrefficiency may g, demanded. RaticHlatly when actual yaste wateneontaining
nitrogen-containing compounds is treated in a flow system, the total nitrogen concentration in the
waste waterboctaatesralkthedinfe. ikareexahypldea highitréatmertt efficiencysmay also demanded in the
case where an oxidizing agent is supplied in a constant amount and a waste water having a low
nitrogen conetitration is instantaneously supplied. If the treatment of waste water takes a long time,
the catalyst may deteriorate, thereby it may become difficult to maintain hi rifyin rformance.
[0015] Therefore, th&e%blrsé'ss]?ft)i:nv%ﬁ%opnuvﬁ s made inovig\?vl&lsrb%r?l(ﬁ (’(J:}?Jr%%}]%g a% e%s%ﬁ%ed above,
and is intenggdde achieve any eae ©f the fellowingiters {itodiiil9046] var(ibAs abjeetof the
present invention is to provide a catalyst capable of maintaining excellent catalyst activity and
durability fowatieng tinrawhen wastd Water IS wreatéxbby anvetmddation freatnertnand a method for

the wet oxidation treatment of waste water using the catalyst. _ _ _
attention is increasingly paid to a wet oxidation method using

a solid catalyst (hereinafter, simply described as "catalytic
wet oxidation treatment method"), because high level quality
of treated water can be obtained, and the method exhibits
excellent economic efficiency. In order to enhance the
treatment efficiency and throughput of such a catalytic wet
oxidation treatment method, wvarious catalysts have been
suggested. For example, catalysts in which noble metals such
as palladium and platinum are supported on base materials such
as alumina, silica-alumina, silica gel and activated carbon,
have been suggested (for example, Patent Literature 1).
Furthermore, catalysts comprising copper oxide or nickel oxide
have been suggested (for example, Patent Literature 2).
[0008]

However, particularly with regard to the treatment of



[0017] (i) Another object of the present invention is to provide a novel method for treating waste
water containing nitrogen-containing compounds, in which a catalyst of a lower cost is used, a waste
water containing nitrogen-containing compounds can be treated with high purifying performance, and
the high purifying performance can be maintained. [0018] (iif) Another object of the present
invention is to provide a novel method for treating waste water containing nitrogen-containing
compounds, in which the method uses a catalyst effective to prevent from the production of nitrate
nitrogen and/s Mitritea o gennd wasie) wardrtcontginingitreden-eontaiming ‘eoftpouhds can be
treated with high purifying performance, and the hi%h purifying performance can be maintained.

Solution to PFobIBRTOTLSI" °° 1Pk ijfentSRIof e present iverition tohductdd & tHoré\igh
investigatiog in, ordgrta addressdheproblems desgribed aboye, and.as a,resylf;the inventars found

that the objects can be achieved by using a catalyst in which particular components are present at the
outer surfacesofthe: satatyst finantamapuntequad to of igieater shan @Specific vatues frurthermore, the
inventors of the present invention also found that in regard to a waste water treatment, when catalyst
poisoning n¥REASIS a8 iAclaaed ivtHewhse wiler Lthevdbaveldestibedidbjests taprbé hehieved by
adding sodlg%and/ortpotass%urin I%ﬁm amo%rét egggl t_otor gﬁ%ater than a sepescmc t%Lalue and adjusting

contgine e yaste w wate reas. Oor this
the pH valu the Waste Water. einven ors]?lna(fly comp?etteé e present invention based on

the findings,descrihedaboyes [0020L - The inventieniaccarding g2 first,aspeeljsa gatalyst for
waste water treatment, including, as a component A, an oxide of at least one element selected from
the group cbasistirg DP irordtitarfiyrmesiticon callimibym;, z#eomeantand Texiwmnarchas arcomponent B,
at least one element selected from the group consisting of silver, gold, platinum, palladium, rhodium,
ruthenium aHotitidtintd S lwAERiA at i6adt 0% Wﬁiékcﬁ thé E6MPBRBNLCE TS prasenBwithin 1000
gm from the quter surface of the oxide of the companent A, the aver aficle size of the component
B s 0.5 M G g th S AT Conont T S A e corEhaait & s G 28 Tashollg o
greater. [0Q2Mes, Rrefembly: thye catalysh foswaste yater tieatment ifcludes,85%:19199.95% by
mass of the component A, and 0.05% to 5% by mass of the component B (the sum of the component
A and the conpoheatB is 100% by mass) , and the component A contains 4.95% to 95% by mass of
iron as an oxide, and 4.95% to 95% by mass of at least one element selected from the group
consisting o[fQi%lrﬁl]Jm, silicon, aluminum, zirconium and cerium, as an oxide (provided that the sum of
the oxide of iron and the oxide of the at least one element; selected framithe group copsisting of
titanium, silicon, aluminum, zirconium and cerium is 95% to 99.95% by mass with respect to the
catalyst). Fuidhera thei eafalyst fos yeaste weateri tieatgend preferably containssthescomponent B in an
amount of 0.05% to 0.7% by mass. [0022] The invention according to a second aspect is a
method for freafitg Wastasidier snsvkiers waste watartcontaliing afyeme Berorecsisrganic

compounds, nitgo en,com%oun s and sulf%rhcgénpounds iS su %Lecte to a wet o%‘(idatiorplér((fatment

using the soiid'¢a g’tﬁ/%fj in t Eepa}eéngﬁlc% ofan OX|8i’zinaggg§éer%?a a ?emﬁgﬁa%ﬂnr%nequ%ﬂo or ﬁigher than

80C and lower: than 370 unden theressure garditionsso-as to Jatpin e waste waterda fiquid
phase. [0023] The inventors of the present invention further conducted a thorough investigation in
order to address thegroblems described above, and as a result, the inventors found a method

[0010]

On the other hand, as a method for the treatment of waste

water containing nitrogen-containing compounds, a method of

wet oxidation using a catalyst has been proposed (for example,

Patent Literature 3). This is a method of treating waste water

at a temperature of 100°C to 370°C under the pressure conditions

that retain liquid phase, in the presence of a particular

catalyst, while a gas containing oxygen is supplied. According



for treating waste water containing nitrogen-containing compounds, when a wet oxidation treatment is
carried out using a solid catalyst with a supply of an oxidizing agent at a temperature equal to or higher
than 100C and lower than 370C under the pressure conditions so as to retain the waste water in liquid
phase, at least two catalysts having different compositions are used as the solid catalyst, and a
non-noble metal-based catalyst (pre-catalyst) is used on the upstream side in the flow direction of the
waste water, while a noble metal-based catalyst (post-catalyst) is used on the downstream side. Thus,
the inventorsccoimpletedaheprasentinetionhfo024]r og<Thes inveation according tad third aspect is
a method for treatinggwaste water, includi$ treating a waste water containing nitrogen-containing

compoundsitgh&sreSelies of &if Bxidizin é’gee]ﬂifegt 5%etiperatlive &t t80r High&AthaR™.00C and
lower than 370G pader,the pressyre conditigns 5o as L, retain, fhe wastewates in mgfpbase, by using
a catalyst which converts a nitrogen-containing compound into ammoniacal nitrogen (pre-catalyst) on
the upstreanrsjde i the:ttow directiorn otithehwastekwates randoa catalyst ohdhe cdownstream side for
treating an ammoniacal nitrogen-containing waste water (post-catalyst) on the downstream side.
AdvantageGUs'EfEF&S of Invention [0025] The catalysts related to the first aspect and second aspect
of the preseEprt i%vrenzgigg %e é:g}%%st% gapable of stably treating waste water over a long time with high
treatment performance. hen Waste water is treated by a wet oxidation treatment using the solid
catalyst, trepted.-water thathas heen purified to a high level can be obtained. [0026] According to
a third aspect of the present invention, when a nitrogen-containing compound is converted to
ammoniacal Alkfiogen by using a pre-catalyst, and the ammoniacal nitrogen is treated by using a
post-catalyst, high purifying performance can be stably maintained without deteriorating the catalyst.
Because expensiveridtia métalscard ot tised i e prelcataRep a treatment of nitrogen-containing
compounds can beE@g{rg%dco tata Ié)%/vuerr Sost. [9%2_7&_ 49— Eg%method for treating waste water of
the present invention, even when organic and/or inorganic COD components and the like are included
in the waste water as;e@aminaris otherdhan nitrogenzoorgaimyrpoompounds, theseCODcomponents
and the like can be converted into water, carbon dioxide gas, inorganic salts, ash, lower molecular
weight organic substances and the like, and thus purification of waste water can be achieved.
Therefore, the method of the invention is a very excellent method for treating waste water. Brief
Description SFBtaings0b38f "= T £1G. 1 is a diagram showing an embodiment of the waste water
treatment apparatys, used géthgoqrgggntﬂg)v%@{[goqnverﬁgog is a diagram showing the apparatus
used in Example 2-1, which is an embodiment of the present invention. FIG. 3 is a diagram
showing a cpmoparison of the treatment performance of the pre-catalysts obtained in Examples 2-5 to
2-19. FIG. 4 is a diagram showing the apparatus used in Example 3-1 and Example 4-1 according

to the present invedtioficver, 1in general, the components contained in the

waste water are not a single component, and waste water
frequently contains scaling materials which are catalyst
poisoningmaterials, inaddition to organic compounds, nitrogen
compounds and sulfur compounds. Thus, with the catalyst
described in Patent Literatures 1 and 2, these components could
poison the catalyst surface then it becomes difficult to
maintain high treatment performance.
[0013]

The treatment of nitrogen-containing compounds can be
carried out with high efficiency according to the catalytic wet

oxidation treatment method described in Patent Literature 3;



Description of Embodiments [0029] The catalyst of the present invention is a catalyst for waste
water treatment, containing, as a component A, an oxide of at least one element selected from the
group consisting of iron, titanium, silicon, aluminum, zirconium and cerium; and as a component B, at
least one element selected from the group consisting of silver, gold, platinum, palladium, rhodium,
ruthenium and iridium, wherein, at least 70% by mass of the component B is present in the region
extending within 2000 pm from the outer surface of the oxide of the component A, the average particle
size of the dumpoent Bligk@:Bhim o 20 nimr.canththersolidfacid:eomtent of thetexide bhthe component
Ais 0.20 mmol/g oré%rsater. [0030] . Hereinafter, exemplary embodiments of the present invention

will be described {603112Y & Eatalyst esirdfly) confails §5951d $9-65% By Mass of the
component A, 8nd.0.05% 16, 3% @?ﬁ%gf%%&?@@g%ﬁﬁﬁ%ﬁ&@ gf.the cemponent A and the

component B is 100% by mass), the content of iron as an oxide in the component A Is 4.95% to 95%
by mass, anc:thercontent akatleast gne elament selected feorn - the geaup-donsistirg-aiditanium,
silicon, aluminum, zirconium and cerium as an oxide is 4.95% to 95% by mass (provided that the sum
of the oxide3dflifch BhEthe BIReFA{8a3PBAE dleihehf selketed fdrm thedretponsistifg of
titanium, silifcgn, glg%inﬂu@ ziég%ryumsa%d. c?‘riumri%%% %)a%g. 50e/°nb3é (r:noaggmbacse on the catalyst). It
is particularly desirable Yha% the catajryst contain the colmponent if an amount of 0.05% to 0.7% by
mass. A catalyst gontaining sych a component B exhibits a particularly excellent activity on the wet
oxidation of waste water. [0032] The component B or the raw material of the component B is not
particularly initéd las long as it is selected from the components described above, but the component

B is preferably a water-soluble compound, and more preferably an inorganic compound. The

component B may B gh-SmuRiittyRe ¥6mpdtind r6red B6mbdtind inf tHefeRn Gt shiry érEolloid, and
a suitable compound iy b used approRrialely,n accordance with. e pethed for,producing the
catalyst or the t?pe of the component A. 1n the case 0 using p?atlnum as the cgmponent B, for
example, platinumy platinuet biackdplatipum-exideplatineus sblaride splatinischieride,taaeroplatinic
acid, sodium chloroplatinate, platinum potassium nitrite, dinitrodiammineplatinum,
hexaammineptatinaim hexahydioxygplatinic &eitk ikt dichtor odiembrineplagnint eetdadrmmireplatinum
dichloride, tetraammineplatinum hydroxide, hexaammineplatinum hydroxide, and potassium
tetrachloropl&tinaté cRA BE Gt FuPhelRores il i Case 8F #&ing PaliaditinPds tHe ¢éthfonent B, for
example, palladium.. palladiym,chiaride; paliadium pitrate, dinirodiamminepaliadiym, o
dichlorodiamminepalladium, tetraamminepalladium-dichloride, dis-dichlorodiamminepalladium,
palladium btacks palladiyumi exitdea anddetraamminepatadivmiykoxideeaddee used altnibacase of
using ruthenium as the component B, for example, ruthenium, ruthenium chloride, ruthenium nitrate,
hexacarborfyf-Rierlersdichistodieitiemant egthenftah okite! dodecatarbonyfiratiernigmt futhenium
acetate, potassium ruthenate, potassium hexachlororuthenate, hexaammineruthenium trichloride, and
perruthenic Beic ta B ised- Atsd! i e 6Ase 8F (iSind gor SSTRS 1é(r)lmf)o:h%nlfJE”S(??‘otreexalrﬁlple, gold,
chloroauric acid, geld; petassium cyanide, and pofassiym cyaneaurate can beused. In the case of
using silver as the component B, for example, silver, silver nitrate, and silver chloride can be used. In
the case of wsingrrhodium astthe compohent-Bpfor example xehadium; halideg:sticlk asmbhadium
chloride; inorganic salts of rhodium, such as nitrate, sulfate, hexaammine salt and hexacyanate;
carboxylate®'of tRoGURY stigh &< acetatd PRy droxide! allkide WARE OXide o rhoditin 3N be used.
Also, in the case of.uSsng ir iumdas the comg%g%nct gm@gr%ag%@ea iQdiu irigiéjem qlqwé%ri.de iridium

nitrate, iridi&r%esrbtffalte, and trichiorohexaammineirididm can be Used. [%8%] v Arccordﬁlrgquto the

present inventien; atileastyéQ%cdynmass of the gompanent Brisresental apesitior docated within
1000 Jim from the surface of the oxide comprising the component A, the average particle size of the
component B G598 te 20 i, and the selittaciddontert dfthg oxidescorhprsingtthé zemponent A
is 0.20 mmol/g or greater. [0034] The catalyst of the present invention contains iron as the

component & H&RE e CoipEnent & TaR¥unctidif¥s ARt materiat t* SGpportthRe B5mMbdnent B.
The for.m of,jc a%g}eimﬁgn%‘ré% j)srgl%&&agtjcullarly limited, and may be any form such as iron (Fe),
iron oxide (Fe203) and the like. However, 1t is particularly preferable that the catalyst contains at least
iron oxide (Fe2Q@3)jas the component A. The catalyst of the present invention further contains, as the
component A, at least one oxide selected from the group consisting of an oxide of titanium (1i02), an
oxide of silicon (Si0OPhestéide ofthe present invention was made in view of such



aluminum (Al203), an oxide of zirconium (Zr02), and an oxide of cerium (Ce02) (hereinafter, also
referred to as "other oxide"). That is, a preferred combination of the component A is a combination of
iron oxide and any of the oxides described above, and examples thereof include Fe203-1i02,
Fe203-Al203, Fe203-Ce02, Fe203-Si02, Fe203-Zr02, Fe203-1102-Al203, Fe203-1i02-Ce02,
Fe203-1i02-Si02, Fe203-1i02-Zr02, Fe203-Al203-Ce02, Fe203-Al203-Si02, Fe203-Al203-Zr02,
Fe203-Ce02-Si02, Fe203-Ce02-Zr02, Fe203-Si02-Zr02, Fe203-1i02-Ce02-2r02, and
Fe203-Al2031Ce02-7702.d40wever ehe cokbinatiorvst thertdmporieritsotthetpreseht iavention is not
intended to be limited to_these. Combinations of Fe203-1102, Fe203-A1009, Fe203-Ce02, and
Fe203-S102a¥e fibre prefetfed: {00351 79 Adcoding 10 tHe’preséht invention, with regard to the
component Ay 4he ixing ratio of the iron and the other oxide is not particularly limited. Preferably, the
mixing ratio (in terms of oxide) of iron and the other oxide is 60 - 95:40 - 5 (mass ratio), and more
preferably 70 - 90:30i-) 10.fimass ¢atio) o Whenethermabdng: raitiovis vrithim thes range; ther catalyst can
exhibit excellent waste water treatment efficiency. [0036] In order to exhibit the effects of the
active compoHenty 8ésefibed abcVeMP0% 5y maRs 6FFdtd o the ebmporem® t8Rtaihaddh the
catalyst is rg%ql:e Ejoi\?t% gre%ent in E;Ie surface I%er which occu {es from tthe ogge sburface of the oxide

of the compone% a de8ﬁ1 of 10008 ﬁrlnnﬁ'her%ByW%Setr%gqc ion at the &:aetalys surface is accelerated

to a large exteng Rollytant materialsdn the wastewates gandie efficiently treated, {90371 The
proportion ( % by mass ) of the active component present in the surface layer of the catalyst (oxide of
the component aA)rextending Wrom ¢hevbase materal sunfacedd aldepth of 1000 gm, relative to the total
amount of the component B contained in the catalyst, is determined by: with the catalyst cross-section,
a linear anah%?é i&] performed for the amount of the active component of the catalyst surface layer
section by EPMA (eJectron probe microanalysis),.and the propartion of the active component in the
region from the cataél3l/§tgsur gga% ?oraocgg&ﬁaco? F())E)laejir?}rv?/i%f%?et%ﬁg&%i—fﬁgﬂnl%\é fotal C(ﬁ{lfslt?%ution is
calculated en theRasiset theqarearatie dathea imethed deseribed abeove, the proportion (% by mass) of
the component B present in the surface layer section extending from the outer surface of the oxide of
the componeht Aco<ardepthtaf 1000jim dsdetermhined.rHoWwever aheggreparionc@ozy mess) of the
component B present in the surface layer section extending from the outer surface of the oxide of the

component %t a Uffferéftdepth "Eait bie FRdasuréd BY Usihy the Sam& 8p8ration Hs thed
above-descub nehod. exceat o chapging: e dselh 10,2 ininded depth, Fol exampl o
determine the proportion (% by mass) of the component B present in the surface layer section from the
outer surfacehef thegromponent Anexigde ta 300 jintdepthnalinearanalysisean be performed, with the
catalyst cross-section, for the amount of the active components of the catalyst surface layer section by
EPMA (electfdhlsrobe microanalysis), and the proportion of the component amount in the region
extending from the catalyst surface to a depth of 300 pm with respect to that jn the, total distribution

b DR RRE ba . TOBF ProACHE

1 no r ob invention is_ to
can be calculated on'thé basis of the area ratio. J00 scribed 4 ove, itis reccommended

that 70% by,mass o& morgpfdhe fotalamountofthe comppnent B-defected by EPMA bg present in
the surface layer section extending from the outer surface of the catalyst to a depth of 2000 p(m.
However, itiis prefgrable that 4dhe 70% by massratsmorenofithe domponent Brisgresent imthe region
extending within 800 jim (O jim to 800 mm from the surface), more preferably within 500 jim (O jim to
500 gm frorithé Suffacs), Bramhyst preféraBRAREhIATI00 05 %0306 fifh fibnitherstrface), from
the surface, [0038]}en a@ll(tgg%tivq%rz O{g bﬁ’f{'?%s or more V% i eetot%I %mourgnog tril% component B
detected bynl':lﬁﬁ/lA IS present in the surface ayer sectidn Gver a ept‘ﬁ otf 1000 Jim from the outer
surface of the eatalyst-Heweyer ampnd-thedatal amauntof the-eempanentdd, prefarably 75% by
mass or more, and more preferably 80% by mass or more is present in the surface layer section
covering a dgepth fof 1000cgm fromane euterrsurfdce bi the patalysy. Herey¢neé appenkimitwitthe
proportion of the component B present in the surface layer section extending within a depth of 1000
jim from the*6utBf &0iface 6Fthe catalyst is 100% by mass, but if the proportion is preferably 97% by
mass, and more preferably about 95% by mass, the objects of the present invention can be sufficiently
achieved.

Solution to Problem

[0019]



[0040] The amount of the component B supported on the component A is not particularly limited,
and can be appropriately selected by taking into consideration of the waste water treatment
performance. Preferably, the amount of the component B supported on the component A is 0.05% to
5% by mass, and more preferably 0.05% to 0.7% by mass, relative to the total amount of the
component A and the component B. With such an amount, the catalyst can exhibit sufficient waste
water treatment capacity, and the materials to be treated in the waste water can be treated at a high
rate. Meanwhile, wHéretworBe mope of the chraponewd ird nged intcombiratios tthé amount of the
component B supported means the sum of each content thereof. [0041 The average patrticle size

of the compoheht BEbnsHilfiRg tHE ivehtdd ARt is0.535H 16 20 A SInt5raer- {8 Sccelerate the
catalytic we oxidatign feagtion by gfficiently bringing the pollufants in.the wasiewaterinte contact with

oxygen in air on the catalyst, it is recommended that the component B be highly dispersed in the form
of fine partieles dix- the sarfase ayet seetibi pfibe catalyst A hen thercamponent Bthiaving:such an
average particle size is used, the component B is highly dispersed in the form of fine particles in the
catalyst surfatBAapenSectivit AcOrGingly? theIpoIRE&RS if thé Hadte Water captisel &fitiertly brought
into contact with OXY%\QCn in air on 1I_he cata(l%lst, atnd théahcatalgtic wet o?idation {eaction can be
accelerated. Préfera Y, tﬁ%uuapperﬂm?trof hé aév%rrage ﬁélrticlesﬁieec of the éfoamblgrient B is 18 nm or
smaller, ang-margpreferably-1n nm oL smaller cEnerlewer imitof the average particlersize of the
component B is preferably 2 nm or larger, and more preferably 3 nm or larger. If the average particle
size of the comporent:B:igasmalter thaw OB amy thee treatreertnperformanee is mitally sncreased;
however, the aggregation of the particles or the like is prone to occur, then, it is often difficult to retain
the treatmeRPPERSHIZhCRAfoF AlIBAG tifeS WREH tiEpartitle ize BRtheScotpErent B R larger than 20

nm, the component B is likely to be unevenly suppaorted, then, in many.cases, sufficient treatment
performanc%%:%‘rﬁ%oi%g %B%a%é?d(.)?ojoe&i ° #ﬁég é‘v‘é%#égeé’ yeogr%&/leag{l%/é Izgia%r%%stlelﬁno?rtﬁeyggm ponent B
contained ipHeseatalystis calcsiaiad by:employine a §PH aralysistempeeature programnmed
desorption method) for ten samples, and measuring the amount of chemical adsorption according to
the COpulsentizsti Thelindividiual pHrticie size of théreomponentB ttan be Ebrfirmedby chipping the
catalyst surface layer section, and observing the surface at a magnification of 100,000 to 1,000,000

times with a tH{fSthissfort elettron MdBSEde! [B0F37 ™ © S BY midkiig the Coripdhient B BXist in the

catalyst surpiqug}{%rss%iggli@@Q@rgglé@tee_qual to or greater than the specific value as described
above, and controlling the particle size of the component B, chemical adsorption of the pollutants in

the waste wgteris facilitated and the particles of the component B and the pollutants (the materials to
be treated in the waste water) are effectively brought into contact. Thereby, the degradation reaction of
the pollutants can belgccelerated @ adageriant. 0044 1r stnapeeatalyst of thetprégérit invention,
the solid acid content of the oxige of the compone t A.s 0.20 mmol/g or gerg%t%r. The solid acid

content is preteraBiy' S 5 mtolig OF greatsr, more Preferably D25 Mmoly oF greater Vet more

preferably Q,26 tamol/gor gyeater; stilbmore preferably .24 mmeol/g.qr greatersand pagicuarly
preferably 0.30 mmol/g or greater. If the solid acid content is less than 0.20 mmol/g, sufficient catalytic
activity mayimatrbe obtadmeidiriThesupperdimit of theisalid, acid contentof sheloxieleiofrthe £nthponent A
is not particularly limited, but the upper limit is preferably 1.0 mmol/g or less, more preferably 0.8
mmol/g or |85 GeFEMRIUIE Preferably 6 B3MMONT of €8BS aRdSFatGEay prefrably §5%Hmol/g or
less. When ék(\)% gglédc %id cgpt%nltli% (ienrthe range defgftitg%% %bov%,l%g Qent cart%lxgcl gl%tivity can be
exhibited without causing & decrease of the cat’alﬁlc actiwty.’A? & method 1ér measuring the solid acid
content of the earponent Adbase material) in the present invention, temperature programmed
desorption method with ammonia adsorption is employed. That is, the solid acid content is specified
based on the molardmogntrofanimenia tHat ibxadsorbedpehneanitanass efithé base nratend. More
specifically, the "solid acid content of the oxide of the component A" as used in the present

specificatiol &8 VRIUE M aklredF &8 of difig 2 te misthdd 88s&Hbed iR thE EXanfbied BEscribed

below. component A, the average particle size of the component B is

0.5 nm to 20 nm, and the solid acid content of the oxide of the

component A is 0.20 mmol/g or greater.



[0045] As such, when many acid points exist on the catalyst surface, chemical adsorption of the
pollutants in the waste water is facilitated, the pollutants adsorbed as a result of electrical interaction
can be activated, thereby the degradation reaction of the pollutants can be accelerated to a large
extent. [0046] The specific surface area of the component A of the present invention is not
particularly limited. A preferred specific surface area of the component A is 20 m2/g or larger, and the
specific surface area is more preferably 25 m2/g or larger, and most preferably 30 m2/g or larger.
When the spé€ifi¢ surface area is 70 m2/g or larger, the catalyst after molding is prone to disintegrate,
and the activity of the catalyst may deteriorate. Therefore, a preferred specific surface area is 70 m2/g

or less, and the specific StrfaeeYare 5 1S niote préfetabiy 60's/g or' i85S Tand mosFi5ieterably 55 m2/g
or less. In the, present inyentiop, the BET methed which analyzesthe adserption,of nifrogen is
employed as the method for measuring the specific surface area of the catalyst. [0047] There are
no particular dinttationsronsthecfystakbstrvetprenefithethasehmaterial @s thacompaonent A; and a base
material having a crystal structure that can be identified by X-ray diffraction may be used, or a base
material hadiff &R aFerptotRIStrictiré Mayalseases hsed JO0UBF OMP OFtREte Aré PlotparfiCular
limitations o Joore valume of the base material as the component A, byt the pore volyme is
preferably 020 g 6 SroatBe, A marE praieiatis G05 Fh B Griier THonos catamle
preferably Q,3Q mlg qrdesssandJdnere preferably 0145 milg et less: kthe-Bare ¥elumesisigss than 0.20
ml/g, the contact efficiency of the catalyst and the pollutants is decreased, and in many cases,
sufficient tredtment periformarsde aymotdeuobtaimed. Wherotheyporendlurae isigreater than 0.50
ml/g, the durability of the catalyst after molding may deteriorate. When such catalyst is used in a wet

oxidation tréatniEnt P CAER/St Mid)F didiftetitein AR pirase. [ooa0])2nd WeeaShape of the
catalyst of the prgsent inventipn, fne shape may be.comvenisnly selectad agcording fouthg purpose, for
example, from a pelléét shape, a particle shape, a speherlcal S}Elape, a nr?g shfpe, and a hon ycomb
shape, and diretshepg isnpt particsdarly imitednl@ep0} i r cohhesize af the-eatalyst iswtparticularly
limited, and can be appropriately selected depending on the shape of the catalyst, desired effects, and
the like. Thé 8iz&55f the coaponent B is sabstahtialy thessarad as tisd size ofthelcatalysth&or
example, when the catalyst has a particle shape (hereinafter, may be called "particulate catalyst"), the

average pafiitié'size s profelibi T mifh St grEafe?, “Aiid dré pF&Terably 2FAm" or GredtBf When a
particulate %yghg_g\gng an average patticle sizg of lgss,thap 1-mm.is packed in a column reactor,

the pressure loss is increased, and the catalyst layer may be clogged by materials suspended and
included in freowastewater. The average particle size of the particulate catalyst is preferably 10 mm or
less, and more preferably 7 mm or less. A particulate catalyst having an average particle size of
greater than 10 mmi&gnrict Frave Psufficient §éometic SufasOarta Hve e6ntagt effiefeieydvith the

water to be freated s decreased, and a sufficient rvoysheut may not be obtained, [0051)

one or more of organic compounds, nitrogen compounds and sulfur
compounds is subjected to a wet oxidation treatment using the
solid catalyst in the presence of an oxidizing agent, at a
temperature equal to or higher than 80°C and lower than 370°C
under the pressure conditions so as to retain the waste water
in ligquid phase.
[0023]

The inventors of the present invention further conducted
a thorough investigation in order to address the problems

described above, and as a result, the inventors found a method



For example, when the catalyst is produced into a pellet shape (hereinafter, may be called
"pellet-shaped catalyst"), the average diameter is preferably 1 mm or greater, and more preferably 2
mm or greater, and is preferably 10 mm or less, and more preferably 6 mm or less. The length in the
longitudinal direction of the pellet-shaped catalyst is preferably 2 mm or greater, and more preferably 3
mm or greater, and is preferably 15 mm or less, and more preferably 10 mm or less. When a
pellet-shaped catalyst having an average diameter of less than 1 mm or having a length in the
longitudinalfdirection af less thar 2emivrisgiacked tin arcoldmn e acto s the préssireé gss may increase.
A pellet having an average diameter of greater than 10 mm or having a length in the longitudinal

direction of Gre&taP AN 18 Xt rhdthave‘a Stficidht geondtnie surfadé afes: the Sbntsct Bficiency
with the water 10 be freated may. be, degreased, and a sufficient.thrpughpyt may,fiot be gptained.
[0052] When the catalyst is produced into a honeycomb shape (hereinafter, may be called
"honeycomhb<haped catalysty); dhe correspondingrdiameter 00 tiae dhroughwlkaletia preferabty 1.5 mm or
greater, and more preferably 2.5 mm or greater, and is preferably 10 mm or less, and more preferably
6 mm or lessRFRE thitkness betvee s abfacehPthfoEghaoIES iS Pretérabhy©. 1 Afrh Dritité&ter, and
more preferably,Q.5 mm or greater, and is preferably 3 or less, and more, preferably 2.5 mm or
less. The aﬁélrtt}rle%llﬁg] at ﬁ%esgétaﬁ/%t i&r?és’cte %WporeFeara%rE/YS?)% é? %‘rféﬁgr,(gln%r?r%?engreferably 55%
or greater, anghisqrefershly 2% qrdess,and-more prefgrably 85% o1 lessqrelative, to,the tetal surface
area. When a honeycomb-shaped catalyst having a corresponding diameter of less than 1.5 mm is
packed in acolamhnlreaetdr,dbe pressurd fossmay diorease.i\Whenshomeydomb:skdypechratalyst
having a corresponding diameter of greater than 10 mm is packed, the pressure loss is decreased, but

the contact &ffitfericy With the WatstoI5e- treatetis ‘deeréZste thé: the cathiytic actiiyrRay

decrease. A honeycomb-shaped-catalyst having a thickness.hetween the through-holes of less than
0L i had B SR ST At eSSl oo Bo EancEh, ot et rength
of the catalystdqaay degtgase: Achaneysambrshapaetbaatalyst having adbickness betweaimthe
through-holes of greater than 3 mm has a sufficient mechanical strength, but, since the amount of use
of the catalyist¢awImaterial Increases, the cost may Increase therewith. Also, with regard to the
aperture ratio at the catalyst surface, it is desirable to adjust the aperture ratio to be within the range

described above, frofFthe VieWpbitits B Hi&chdnc A sffength 6f BaraTst and thB Tatdftc Abtivity.
[0053]  Meanwhilg, when the catalyst is packgd injacolumn feactor, and.a yaste water containing

suspended materials’is treated by a wet oxidation treatment, the catalyst layer may be clogged due to
the solids irctherwastenwater or dbe precipitationief¢hecssuspendion. nl herefore; eenoerg diescatalysts
described above, it is particularly recommended to use a honeycomb-shaped catalyst. [0054] The
catalyst of th& piéseritinvention easentiafijROREINS the emporetrAlaianhe dmpohBATB, but the
catalyst ma%/ﬁ%sol%ontam noth§r7%qg1ip8rrl1§nt |nt%ded|t|on to the comp%{lent A and the corpdgonent B.

Preferably, e catall/st of the pradent inventidn s orposed brly St the componst Aand the

com ponentl%ﬂ‘é%fﬁ%h%r%%% Bo,padicular limitatignsen theyather componept, Rt examples thereof
include alkali metals and

converts a nitrogen-containing compound into ammoniacal
nitrogen (pre—-catalyst) on the upstream side in the flow
direction of the waste water, and a catalyst on the downstream
side for treating an ammoniacal nitrogen—-containing waste water

(post—-catalyst) on the downstream side.

Advantageous Effects of Invention
[0025]

The catalysts related to the first aspect and second
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compounds thereof. Among these, alkali metals and compounds thereof are preferred, and sodium,
potassium and compounds thereof are more preferred. The content of the other component is not
particularly limited, and can be appropriately selected in accordance with the desired waste water
treatment capacity or the like. In the case where the catalyst of the present invention contains another
component, the content of the other component is preferably0.05%to 2% by mass relative to the total
amount of the component A and the component B. [0055] There are no particular limitations on
the methoddsPpreparing tiveatapstirelatedto the present rverticn, andale eardlyst eln be easily
prepared by a known method. Examples of the method include kneading method, impregnation

method, adS&fpibn Methidd “Spras Higthdd Sand ion Exchahde Methdd  [0oBet - 2 Wi di5cussed
above, the catalyst-ptthepresgntinvention is characterizeddn that 1026 by, mass of mare of the

component B in the total amount of the component B is present in the surface layer section covering
from the outersitrface toua depth bE 10001line atf theyexidetofdhe comparentA{catalyst)eHowever, the
way of making most of the component B into being selectively in the surface layer section of the oxide
of the componehf AqGatafyst) &s-Slich, 58 Abt partichrryNhftedas long as it can achieve such
selective exﬁjtga% , and the methods for preparing a catalyst described above can be applied.
Preferably, a spray method, and particularly spraying an aqueous solution of the component B to the

oxide of the componentA gan he preferably usade Herginafierpa preferrad mathad for praducing the
catalyst of the present invention will be explained. However, the method for producing the catalyst of

the presentanveritiongs mot mmerdedi toche imjted tol one described belown [@05Yniacéirst, an iron

compound, preferably iron oxide, and an oxide (another oxide) of at least one element selected from
the group cBRSEHHYS Bf Rtanidm? Silkont alUrmiha M SircoRitiin ' E8HiR 57& froled ime

R C Tt e T L
described abgrepEheishivpe ofihe campanent Arefiihe present drvention ismet catalyst.
Because expensive noble metals are not used in the pre-catalyst,
a treatment of nitrogen-containing compounds can be carried out
at a lower cost.
[0027]

In the method for treating waste water of the present
invention, even when organic and/or inorganic COD components
and the like are included in the waste water as contaminants
other than nitrogen-containing compounds, these COD components
and the like can be converted into water, carbon dioxide gas,
inorganic salts, ash, lower molecular weight organic substances
and the like, and thus purification of waste water can be

achieved. Therefore, the method of the invention is a very

excellent method for treating waste water.

Brief Description of Drawings

[0028]
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particularly limited, and can be appropriately selected in accordance with the desired shape of the
catalyst. Examples of the shape include pellet shape, particle shape, spherical shape, ring shape, and
honeycomb shape. [0058] Next, a solution of the raw material compound of the component B is
prepared. Here, the raw material compound of the component B is not particularly limited as long as it
is selected from the components described above; however, the raw material compound is preferably
a water-soluble compound, and more preferably an inorganic compound. The component B may be an
emulsion type compdiind ér a eompsbuririarthe form of skurryesraaiioits ahd stitebly eefipound may

be appropriately used in accordance with the method for preparing the catalyst, or the type of the
component'i SPeclficcédiiples T EoMPBoHETB HtItde tHe" eﬁﬁ@%oﬁ%‘éﬁ%ﬁé%@described

above. The solventjjgrdissojving iie,component,B,s, r{pg@qgglgggxH@igege@sillq%%meesolvent is

capable of dissolving or dispersing the raw material compound of the component B. Specific examples
thereof inclade yateérj nrethanclparchethahek nthecsolvert may berusedrsirgly iammay be used in the
form of a mixture of two or more. The concentration of the raw material compound of the component B
in the solution is not p&rticulaflyAiMitedr Bt Hettte mrafdiPeftheTave nateridl €6RTPBTRE is
preferably a concentration which results in th SupR rted amaunt of the component 2_%n fhe
componentFA Such as %escr?bed; a%o@e.e[oﬁg eanw %, when the ¢a ﬁyset of the present
invention contains another component, the other component may be added in any step. Specifically, a
following method can be used: preparing the component A by mixing an iron compound, another oxide
and the other compbhént;4prieparidg acsalutioh of thegrawanaterat eompourebof th& eempbaent B by
dissolving the raw material compound of the component B and the other component in a solvent;
supporting thelcothPoreif B O the CompoREALA Jard® tHetFinEsipiorating thedthéPEomponent;
supporting the component B on the component A, and then supporting the other component on the
component A. Among these, preparing a solution of the raw material compound of the component B by
dissolving the saw matedal ecampawadiofthecomponent B and the other component in a solvent is
preferred. With such a method, the component B and the other component can be supported on the
component Kearieniently and in a single step. [0060] The solution of the raw material compound
of the component B prepared described above is sprayed onto the component A. Here, the amount of

the solution of the rAWSm&terat ¥8mpound’6f teSBmboneMiB Sprlyetiofitd e conToriéht A is not
particularly limifed, but the amouptispr ,ef%!élhlé/a%%gg’y“é thatisg 1q,thesupporied gmount

described above. More preferably, the amount sprayed is an amount by which 5 to 90 parts by mass of
the solutionoaf the ravamaterial conapeiuitd ettheccompanrent Bhrelativeteo 00 pads bydnass of the
component A, is sprayed. With such an amount, the component B can be selectively and uniformly
supported orrthiersurfdcenayéy séctibhceitendihg Withif 1000 %R frontife Bute? Suface i the
component A. [0061 Af erBtheaSé)r?g process dgicrlbe ab0\i%, drgtﬁgflrs erformed if necessary,

S a, compone emen e T the gro
and a reduction treatmhent o he’component Bis carfied out: 'Ishereﬁy, eca Iéflys of eBtpesent

invention can,be predyced, Hexe, the,dryigg conditions are not particylarly-limited, but for example, the
drying temperature is preferably 80C to 200C, and more preferably 90C to 160C. The drying time is
preferably 0:bth24 hoursrahdimose preferabdy & 1o 12dtours.aAlso, 0 ks preferable tofperform the
drying process while rotating the component A on which a solution of the raw material compound of
the comporfePBORES beén Sprayéd SrHeréBy Hke E6iHpOReRtS tan HedsalsEtively BhdUmformly
supported on the syrface layer secfipn extending within, 1000, gm from the guter surface, of the
component A. The reduction treatment conditions Tor fhie component B are not particularly ﬁmited, but
for example; the-reduction dreatmest temperatyee isprederahly 350G to 660&y and more,preferably
200C to 400C. The reduction treatment time is preferably 1 to 5 hours, and more preferably 2 to 4
hours. Undemsudheondifions athéparticlessite grovethe(sintériegpdf theccamporeritiB dbessot occur,
and the compaonent B having a desired size can be supported on the component A. The reduction
treatment icartied &t iifa 8dGEiR§G Gfhosphere. The reducing atmosphere is not particularly limited
aslong ast @d%/]material compound of the component B is reduced, but it is preferable to carry out
the reduction treatment in an atmosphere of a mixed gas of a reducing gas and an inert gas. There are
no particular limitatiess ©nrthe tedycing gas buthydrogen (H2)xgasis preterack Adsa, there are no
particular limitations on the inert gas, but helium (He), neon (Ne), argon (Ar), krypton (Kr), xenon (Xe),
nitrogen (N2 aisd theclikevédn b eiséd sTHe kst gas may be used singly, or may be used in the form
of a gas mixture of two or more. There are no particular limitations on the concentration of the reducing
gas that is included in the inert gas, but in view of safety or the like, the concentration of the reducing
gas is preferably 1% to 20% by volume relative to the total amount of the gas mixture. Under such
conditions, the component B can be efficiently supported on the component A. [0062] The catalyst
of the present invention such as described above can exhibit an especially excellent activity on the wet
oxidation of waste water. Accordingly, the present invention also provides a method for treating waste

water, the method including subjecting waste water to wet oxidation using the catalyst for waste water
treatment of the nrecent inventinn Particiilarlvy the nrecent invention aleo nrovidece a method for



catalyst for waste water treatment of the present invention, in the presence of an oxidizing agent, at a
temperature of equal to or higher than 80C and lower than 370C and under a pressure condition so as
to keep the waste water in liquid phase. [0063] Alternatively, followings can also exhibit an
especially excellent activity effect on the wet oxidation of waste water: (I) a catalyst containing oxides
or a composite oxide of at least two selected from the group consisting of titanium, iron, zirconium,
cobalt, nickel, cerium, lanthanum, manganese, yttrium, indium, zinc and bismuth as a component A",
and at leastlérE3délected from the group consisting of silver, platinum, palladium, ruthenium, rhodium,
iridium and gold as a coén%%onent B’ %hereinafter, also referred to as "catalyst of (I)"); and (Il) a catalyst

formed by coating a B6roti iMOrganic oxide with & RoBi8 Métal ahd &n activating hid éréinatter, also
referred to as, ccatalyst REUD ) Ageordingly sthe present invention also prayidesa, methadfor treating
waste water, the method including subjecting waste water to wet oxidation using a catalyst containing
oxides of atdeasttiva-selecteddtomthe Agroup cansistingrad tkanium, iron] aiveomynmesbalt, nickel,
cerium, lanthanum, manganese, yttrium, indium, zinc and bismuth, or a composite oxide thereof as a
component W caf@ at fRialst dhelsddcred fonPihkigrotp EasisHiPersiverAplatintin?, allagium,
ruthenium, ghoglim, fridium and gold as a component ', or 2. satalyst formed by cogting a porous
inorganic oxi with dnoble e aFand an ac?lvatlng aid. Particular y, the presentinvention also
provides a method for trealing waste water thesmethadsineluding.a step,af, subjeeting & waste water
containing at least one of organic compounds, nitrogen compounds and sulfur compounds to a wet
oxidation treatment Uging rtkleccatalyst dor avasteiwatestreatime it thte lpyesentinyentiond évthe
presence of an oxidizing agent, at a temperature of equal to or higher than 80C and lower than 370C
under a pres8are &Hitid's6 hs Hﬁ%teﬂﬁ%ﬁ@m%%téﬁfé%ﬁﬁ‘i’in%epﬁé@é?TO@@]at 19¢%5ng the
catalysts deosrcl:ribgq éang%, tgglcéa(t:%lgét ( )rig IE)a{tliqceuIar%yoffl1 catca(l%ss'g f%rtniggg%@-cgg[iaail@lig compound
treatment, and a cataTyst containing oxides or a com%osit(? oxide of af least two selected from the
group consisting &6 titariun 150mnm Zirconius, icabalh diekeli gariLing ntharngm smanganesss yttrium,
indium, zinc and bismuth as a component A" and at least one selected from the group consisting of
silver, platiness goaladibhe regtenivmt vthodilim lidditan ahdugold &5 aleempanénat BL006B¢ The
component A' may be any combination of two or more, and may also be a combination of three or

more. The &SHipdNeHt K98 preferitly GHEESBFR tdmpBsitd Xt bitatitast o seredted from
titanium, irop, zirganium ,ceriym, lanthanym, manganese. indiym and zing, and.ismare preferably
oxides or a composite oxide of at Teast two selected from titanium, iron, zirconium and cerium. [0066]
The compopeamtA'dquay bewa sxixisre ehindividual iaxjdes ot meay be a&goposite axide;adkit is
effective that various components are intimately mixed. The composite oxide may be a substance
having a cryst&Rstructure that can be identified by X-ray diffraction, or may be an amorphous
substance. &%00637% The production of the component A’ is not particularly limited, and a known
method can be apﬂ)lied directly or after appropriate modification. The raw materials of the component

A’ are not particularly, imited, hutare preferably water:spluble salts. Sxamples éh\?{@ﬁém@'@e
inorganic compounds such as nitrates, sulfates, and halides; and organic acid salts such as acetates,
oxalates antl<citratesy andipreferred/examptesinchude nifrates i sulfatescdrt-aeetaferf0068]
components described above, but the component B is preferably
a water—-soluble compound, and more preferably an inorganic
compound. The component B may be an emulsion type compound,
or a compound in the form of slurry or colloid, and a suitable
compound may be used appropriately in accordance with the method
for producing the catalyst or the type of the component A. 1In

the case of using platinum as the component B, for example,

platinum, platinum black, platinum oxide, platinous chloride,
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The content, in terms of oxides, of the component A' in the catalyst is 90% to 99.95% by mass, and
preferably 95% to 99.90% by mass, with respect to the catalyst. [0069] The component B' is at
least one selected from the group consisting of silver, platinum, palladium, ruthenium, rhodium, iridium
and gold, and preferred examples thereof include platinum, palladium, ruthenium and rhodium, while
more preferred examples include palladium and ruthenium. [0070] As the raw materials of the
component B', any of organic acid salts and inorganic acid salts can all be used, but water-soluble
salts are prefenietn For ekadmpledehe raw pratedialtcantise appropriagesiy selected from nitrates,
oxalates, ammonium salts, halides and the like of the metals described above. [0071] The content,

in terms of fretal” SPtha ' coMiidtert B In tha b &ty afis 018594 't6™109% by mass, and preferably 0.1% to
5% by masa,i%@o%%q%@%gAfitﬁﬁﬁo%@&i%}ﬁ{%&mgﬁ Qt(ﬁ%grpy mass, the effect of the noble

metal element as the component B' is small, and the activity of the catalyst is not enhanced. Also, if

the compornesk 8hisdusedyatla ptoportierne otigreater-than 108 by eass; asenhiancament of the
catalyst performance worth with the increase of the catalyst cost may not be obtained, and therefore, it

is not econdificafiy preférable [o0 7Y dicRERE 1HE metRéd FarBroaaEihg the eatalyst (1) will be
described tﬁl%/v, tg{u.t any rtplethod may be used as Iol[?l% 25 ol'g{ is 8 mettgl%d for%repann a catalyst that is

convention K/ Used i & we%%??d%onetpela%%lerﬁfnﬁo wings or thetiké dan e éciéiblp ed: (1) adding

water-soluble salts-af varigusgompaenents tojwatele Mixing thercompanents napd adjgsting the pH
using ammonia or a hydroxide to co-precipitate the components; (2) a supporting method of supporting

other componremntg qredn exidenordbe tike; (Symmixag-methotbof midng $elidsosucheast thre, oxides of
various components. A preferred method is the method of supporting other components on an oxide or
the like. AnfoXidefGFat e &St dle élement sércted frormthe component A' may be used as a base

material CO@FOQ%@IO(%HQ% n?iit%l sat1 g%{he (,)thg{ 885’?&98 %smmiixge asygg%rlted 9n the base_ material
component. The catalyst canrb pro uceé[ulgy supporting the compon%nt on%ﬁ\ese supporting

components <arysineerHarating: the.gormpenart B’ drthe preparation of the oxides or composite oxide
of the component A'. Preferably, the catalyst is obtained by: the composite oxide is obtained by

co-precipitatinhg ptecirsorsoofithurcongioneha AL wnd foethérdhesombosie oxilelistoated by
impregnating the compaosite oxide with an a]%l;?eous liquid of the component B'. [0073; There are
st

no particula? firfitatichsbir e SRAPE- BFfRR PEkEmPia R sREGE may e Bfy of

particle shapg, spherical shape. paller, shape, grapwar shane, saddle shape, honeygamb-shape and
ring shape. In the case of pellet shape, a catalyst having any arbitrary shape of any cross-section such
as circular, elliptieppalygonal ctrefoil veuairafot oathe like; canbewsedrate,
hexacarbonyl-|-chlorodichlorodiruthenium, ruthenium oxide,
dodecacarbonyltriruthenium, ruthenium acetate, potassium
ruthenate, potassium hexachlororuthenate,
hexaammineruthenium trichloride, and perruthenic acid can be
used. Also, in the case of using gold as the component B, for
example, gold, chloroauric acid, gold potassium cyanide, and
potassium cyancaurate can be used. In the case of using silver
as the component B, for example, silver, silver nitrate, and
silver chloride can be used. 1In the case of using rhodium as
the component B, for example, rhodium; halides such as rhodium

chloride; inorganic salts of rhodium, such as nitrate, sulfate,

hexaammine salt and hexacyanate; carboxylates of rhodium, such
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[0074] Among the catalysts described above, the catalyst (II) is a catalyst for nitrogen-containing
compound treatment, characterized in that a porous inorganic oxide is coated with a noble metal and
an activating aid. [0075] The catalyst contains, as the noble metal, a metal and/or an oxide of at
least one element selected from silver, platinum, palladium, ruthenium, rhodium, iridium and gold, and
preferably, the catalyst contains platinum, palladium, ruthenium or iridium. More preferably, the
catalyst contains platinum, palladium, or ruthenium. Particularly preferably, the catalyst contains
palladium o# futheaiunt.§0076F hydxethiedaw adterdl bt thadoblelrhetal faweatei-solubknsalt is
used, and an% %;%Lganic acid salts and inorganic acid salts can all be used. For example, the raw

e

material car opriately setdcted ot riftratés 'oXdidtes” afmidhiarh SAfts, HANARE ANG the like of
the noble metals descyhed above 07Tk, 1 Thesagtivating aidis an gxide of apleast e selected
from the group consisting of titanium, iron, zirconium, cobalt, nickel, cerium, lanthanum, manganese,
yttrium, indiumi, zinenasd bismuth, ena compositeroxide ot atleast twaiselactesfrom thecgroup
described above. The activating aid is preferably an oxide of at least one selected from the group
consisting of titamum, iron, zirconium, cerium, lanthanum, manganese, yttrium and indium, or a
composite oxide of gt least two sglegctﬁd from the rou%degg%%ed ggqi/eeag/lcor i Pgreéerabl;g, the

activating aid is an o%agro?%tweasﬁ one sefected from: eengroup’conslstlng of titanitir, Zirconium,

cerium and Janthaoum i3 camposite oxideofatleastiwg ;selegted from dhe greun desgpbed above.
Particularly preferably, the activating aid is titanium oxide (1i02), zirconia (Zr02), ceria (Ce02), or
lanthanum gxidéxba202k Therdctivating aidhmay:telasedsmglys ongnaybe usedan ¢ne farm of a
mixture of two or more. Usually, these materials exist as oxides in the catalyst. When the activating aid
and a noble-Metal'dré SR dPprodtctiGn ot Aftraté nithGgeiPRRARERitrité rifroden &R B sdPpressed.

[0078] ,191\% ,th% raw tr@lategalﬂf O{hg glcgvact(i)nrgcgirqtg g%atgkgolgblle %orge%ur%d,sa 9%' géﬁhe like can be
used, and specific examp?es thereof include inorganic compounch of the metals described above such
as nitrates, sylfatesand ehlerides; andrerganig acid salts;etthe metals described above such as
acetates, oxalates and citrates. Preferred examples include nitrates, sulfates, and acetates. [0079]
There are nbGdattidular limitations on the porous inorganic oxide, and materials that are conventionally
used in catalysts can be used. Specifically, the porous ingrganic oxide is an oxide or a composite

oxide of at least one SElected M thelgrol conSRTRG of fitamiim  toR CGiliédn: SirtbRiurf Scobalt,
nickel, alumig, S fANRANUAL RANgRResemyiuR. NI, 20n80d SisUt, ghadivated
carbon. Preferably, the porous inorganic oxide is an oxide or a composite oxide of at least one
selected frana the-group-eonrsigting-af titagium e Siicon, zirchsiumalustindme cedent, Hanthanum,
indium, and bismuth. More preferably, the porous inorganic oxide is an oxide or a composite oxide of
at least onecsglected Form thé grelip Eomsistinyg-eftitaniuii liFsit! zirebAiund Yeetim andiamthanum. In
some cases, th?1 porous morg nic oxide and the acti tlrg; aid mcf‘yt%%aT' X|des_8f the same

elements; hoWever the'potous iorganid oxide and the activating aid can be distingiished ‘each other

since the type of the, precursors, arthe,stage forthe usage of the-maitgrials during fhe praduction is
different each other. [0080] The contents of the activating aid, the noble metal and the porous
inorganic oXide are b paricidarly(limited) Villsen ke sumeafithe activatimg aid:éndéyas oboxide), the
noble metal (in terms of metal) and the porous inorganic oxide is taken as 100% by mass, the content
of activating- &R, 5f t¥Ris-of BXiele LisPreferabliPd. 198715 3696 bydfass SnicreRefRiabRyr 0 2% to 20%
by mass, and patieylarly preferably 0,5%0:109% by, mass, Yhen the symof the agtivating.aid (i
terms of omde%, tﬁe noble metal (in terms of metal) and the pgrous morganlg oxidé is taken as 100%
by mass, thgscontent of neblermeal, intermsiofdnetal, ds preferably087% ta 1054 bydnags, and more
preferably 0.1% to 3% bymass . The sum of the activating aid (in terms of oxide), the noble metal (in
terms of metaljrahduhe (Forouts)inokganicide of zirconium (Zr0Oz), and an oxide of

cerium (CeQO;) (hereinafter, also referred to as "other oxide").
That is, a preferred combination of the component A is a
combination of iron oxide and any of the oxides described above,

and examples thereof include Fe;03-Ti0;, Fe,03-A1,03, Fe,05-Ce0y,
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oxide is taken as 100% by mass, the content of porous inorganic oxide is preferably 60% to 99.85% by
mass, and more preferably 77% to 99.7% by mass. If the amount of the noble metal is less than 0.05%
by mass, the effect of the noble metal element is small, and the activity of the catalyst is not enhanced.
Even if the noble metal is used at a proportion of greater than 10% by mass, an enhancement of the
catalytic performance worth the increase of catalyst cost may not be obtained, and therefore, it is not
economically preferable. [0081] As the production method, a porous inorganic oxide is added to
an aqueous solitioPiéithefrespective prekarsorsiofa ndbl® metad aid-an @ctivafing aid dissolved
therein, and water is evaparated therefrom by heating. Thereby, the §orous inorganic oxide can be

impregnatet With the Yoble Rietal SAYthe acivating aid" A pofous inorgatic oxide is added, and an
alkaline compoynd,is added,do an-agyeous solutip of the respective precursors of a noble metal and
an activating aid dissolved therein, andathusprecipitatesobtainedtherefromcan be supported on the
porous inorganis; oxide; {0082] Fefomethod-afisimulteacousiy mmpregnatngithe perdus inorganic
oxide with a noble metal component and an activating aid, or a method of sequentially impregnating
the porous fridrganieleRidE ®ith & hbble MStAPEGHpofét &fdrart aetivated @bnipehent can be
appropriately selected, The catalyst after impregnation js. dried, calcined and/or reduced, and thereby
eyt 1 R S O o0 oI S8 T cARER Wi Hhe HOBIE metana 1 A iang aid oan
be obtained, A-preferred methed is amgthad of evaporating anaqueeus spliiion gontaining a noble
metal component and an activating aid, or adding an alkaline substance and co-precipitating the
component8dvieariveliile, thedaltinatiod t@mperature for the catatystds preferably 300C to 800C, and
more preferably 350C to 600C. It is also preferable to perform a reduction treatment in an atmosphere
of hydrogen[&a/r?fi?rbgen. [0083] For this catalyst preparation process, a process of heat treating
the catalyst obtained after the impregnation and support of an activating aid, in_an,oxidizi

atmosphere at a ter%f)g%{':[érlengf E(?O%q?)? h%)ﬁeesr,eé%% Ho\?%n[;%ré%?éblvlﬂf%%cr téogg(ggc,)t( orzcl%% 5 hours,
and more preferihyefor 250 4hoursGaybe employed @i deast oncen d hrough this ppetation, high
purifying performance can be maintained. Here, the oxidizing atmosphere may be obtained by using
air, a gas mhaure ofloxygen ahdraivingmgas dor therikec 0084y, thFheishape okthexatalyst is not
particularly limited, and for example, any one of a particle shape, spherical shape, pellet shape,

fractured sHape" Saddieshale, HoheyEombPSthde ard g shap& fay b8 Used i e case of pellet
shape, a cafalyst-havipg any %@éﬂtrﬁ[%%%hs?g% whosg £ross-secfipnais cirgylar, elliptic, palygonal, trefoil,

quatrefoil or the like, can be used. Next, a method of treating waste water by using the
catalyst of theqesend invention, thecaboviesmentinned catalysindd) ot the abavermentioaed catalyst
of (I1) will be explained. Meanwhile, in the method of the present invention, the catalyst of the present
invention, tifecBatalyst ok(F ARG tite vathast Of Pare Useltieh thatfdactroidle catalysts may be
used singlyéo&'ré e form of a mixture of two or more, or at least one of the respective catalysts may
be used in combination. [0086] Hereinafter, the method for treating waste water by a wet

oxidation treatment ysing the-catalysirelatedigdhe present ipveptian il bedescribeddndetail. [0087]

described above, 70% by mass or more of the component B contained
in the catalyst is made to be present in the surface layer which
occupies from the outer surface of the oxide of the component
A to a depth of 1000 um. Thereby, the reaction at the catalyst
surface is accelerated to a large extent, pollutant materials
in the waste water can be efficiently treated.
[0037]

The proportion (% by mass) of the active component present

in the surface layer of the catalyst (oxide of the component
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The waste water may further include a catalyst poisoning material and/or an alkali metal. When the
waste water contains a catalyst poisoning material, an alkali metal of sodium and/or potassium may be
added to the original water before treatment in the wet oxidation treatment of the present invention. An
adjustment of the pH of the original water before treatment is also appropriately carried out. [0088]
The catalyst poisoning material related to the present invention is not particularly limited as long as it
causes catalyst poisoning during the wet oxidation treatment, and examples thereof include heavy
metals, calduntFirggiresiamt aiminuen Pplsesplacras aad silicon Meanwhilée e catalystOpoisoning
material is not limited to the form of sim%)le metal, and may exist in any form containing.the metal.

[0089]  PAridTary: Witer Waste watsrincRItddt catalstpdisdhing Mkteal oAty
phosphorus, it is preferable to,add acationdnadyance,io the waste water.and, i is preferable to add
an alkali metal ion, particularly an alkali metal ion of sodium and/or potassium, in this invention. The
amount of addition-eftbe iadtkgli metdlrien is preierablysadjsisted-suchribat the cohtent raticmas a molar
ratio of the alkali metal, particularly sodium and/or potassium, with respect to phosphorus (= molar
ratio of alkafimete/pHOSpHENE) TS 317 Yreafert [fthe Tontent Fafic i RSS thai 3T tike efféstiof adding

an alkali metal is small, and the treatment performance may decrease as phosphorus covers the
active sites%?@le%ilg%?ﬁecuﬁﬁgr ﬁ)nrﬁf%?)? the %o ar'ra i%sojf%]h(al?%%% ﬁhggpg%?ﬁg is’hot” E?articularly
limited, but thesmolar;ratiods Rrefeeably adjusted 1.5 05 less, andinare-preferably 4 oF fess. [0090]
The pH of the waste water is preferably adjusted to 6 or higher, more preferably 7 or higher, and
particularly preferalxy 8lor diigher O Maanwhile htheeupper timtitoftthe tpH. of theavasteanater is not
particularly limited, but when the ease of handling or the corrosion of the facilities is taken into
considerati6h; S5 refetaMeltd sdjlstthe 1t 14 8F G Ariyfagért fhatfs 8issoRed dfd turns

basic may he,used 45 lhe,gd adlusing aast, butprefensd examples ingude sadiuy fygroxide,
potassium hycFroxide, sodium carbonate, potassium carbo ate, sodium ac%tate, and potassium

acetate. By agligstingthespt-efdbgoriginal waste svater in advagee tq phl :ardrighery not only catalyst
poisoning by phosphorus can be suppressed, but also the waste water can be prevented from turning
acidic duringhthe erelatmentiafd fmpaifingthe duralsilityfofithe reactiomgipe. Meamwhiléstieupper limit
of the pH of the waste water is not particularly limited, but it is preferable to adjust the pH of the waste

water to 13% o WeH BNt niors préteRitsly 13°6PIowWer /[0091]PT OPrHe /P8 dftHRYwWEE Water
treated by the wet oxidation freatment.of the, presentipventionyis not particularly iited, as long as the
waste water contains any one or more of organic compounds, nitrogen compounds and sulfur
compoundse Kixamples;of sueh wwastewater sncldde the wasie wates dischargeddeom svaenus industrial
plants such as chemical plants, electronic component production facilities, food processing facilities,
metal processirg facilifiés ahetl pReingTacifittes, printicg Ov phie Praking fetilites, aadphotographic
facilities; and the waste Wate&cllgsc ar%%d_f om Qwer&gen%rgggg facilities sych as thermal Cr[%ower

. operation as a escribed m xcept,. for.changin
generatlon aﬁg a?omlc power genera?lon. pemﬁc examp?es mci’uaee a w%ste water conqaln gan

a_romatic COE‘?)%OQH%@%%C'% éSaD_rlerﬂ?é H&?éds &ié%?hﬁr.g eg i P Q&K@ﬂ_@"}alt@ afk WAsEValeL
discharged from EOG production facilities or textile production facilities, containing ethylene glycol,
dioxane, propylene glycol ahdthedike;) aofasteswaterpdiseharged frome alccholpreductidn dacilities,
containing methanol, ethanol, higher alcohols and the like; and particularly a waste water containing

organic compoififds fat Ar& discraifge8 froif tfe proddéion ploddsesTBPasHttic carbd¥§lic acids or
esters thereof acrylic acid, acrylic acid esters, methacrylic acid. methacrylic acid esters, or
aromatic cae%goi%/qi@ ﬁ?dé%?%?ém%t?%%é%&xﬁ%aagdg %sste(?é51 Islu]g:{ﬁ fsetgé)p%%rela lc Adid an(ﬁ teerephthalic
acid esters.\¥aste water-coriaining RiFegen,copRounRds, sUch A AMKES i krinesyapHrenia, and
hydrazine is also acceptable. Waste water containing sulfur compounds that are discharged from the
plants of a wide varietytcf ivdustralkfields slely as paget/fpulp HextiRrohedr-steel; athylere, BTX,
coal gasification, meat_processing, and pharmaceuticals, is also acceptable. Examples of the sulfur

compound<'8< BSEd AetETr clude thorganie SR coipSUnd< uER BB My ardg & stifidie Bodium
sulfide, potassium syfide. sodiym hydrasulfide, fhiosylfuric acid salts,.and sylfuroys aaid salts: and
organic sulfur compounds such as mércaptans and sulfonit acids. Other examples also include
domestic waste water stEhasssewage: and exerementse Waste waleseartaininghazardoys
substances, including organic halogen compounds and environmental hormone compounds such as
dioxins, chlemilasictatonsdiethyIHexyighthalaté . carmrranylglieriol, is also acceptable. [0092]
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The term "waste water" according to the present invention is not limited to the so-called industrial
waste water that is discharged from industrial plants as described above, but rather encompasses any
liquid containing any one or more of organic compounds, nitrogen compounds and sulfur compounds.
The source of such a liquid is not particularly limited. [0093] The catalyst related to the present
invention is used in a wet oxidation treatment, but it is particularly recommended that the catalyst be
used when a wet oxidation treatment is carried out by heating the waste water, and at a pressure at
which the wbstes&ater retains the liquid state. [0094] The method of treating waste water by using
the treatment apparatus of FIG. | will be descriped below. FIG. 1 is a schematic diagram showing an

embodiment of the fréatii& Tt apparafisit wwhich a et SIGRHGH Fedmiditlis EriplGyed'as Dne of the
oxidation treatment.proeesses; Howeverthe-apparaius Usgdindhe preseptinventioy is ek intended
to be limited to this. [0095] The waste water supplied from a waste water source is supplied to a
waste watebsuppdspuimnpi b threugharwasta water supply dine-& rend isifyrihemsenidaa theater 3. The
spatial velocity used there is not particularly limited, and may be conveniently determined depending

on the throighpt 6ftied chtelys2 00965t t WWhReATRE atdlysPitlatétito tHe BresEnt ifvferitfon is used,
the wet oxidation yregtment can hs,carried out ynder supply ofan oxidizing agent, 100971, , I the
case of sup%ﬁ/mg an oxygen-containing gas 4stAS Oxi izing agent for exampte, e oxygen-containing
gas is preferally dnfroduced,through 8n QYgengassUPPIv line 400 cprpresaed By agempressor 9,
and then incorporated into the waste water before the waste water is supplied to the heater 3. [0098]
The oxidizifg-agentrelated fie the present ipvenienahay beiaryiagémCcapable qfroxidizingthe
substances to be oxidized in the wastewater, and examples thereof include gas containing oxygen
and/or ozortE" dricPAy droger Peraside s GeneraIRS in e Eade ol usitg Yas thid JabiTs preféFably air. In
addition to L{]gt,ﬂbo?ﬁge -%gnnt%ikq(iengse@}%ugt gas ]_gg&%rattgg er())Lrinr ggh(% plants can also be
conveniently used. The substances to be oxidizéd are organic compounds, nitrogen compounds and
sulfur comppuinds.][0099] In the case of supplying an oxidizing agent to the waste water, the
amount of supply is not particularly limited, and any amount effective to increase the ability of
oxidation/degradatién treatragntveflilie substdricesas becoxitized in the hasteonateramaybe supplied.
When the oxidizing agent is gas, the amount of suppl%reof to the waste water can be appropriately
[

regulated b§ providing ToExdple, AR 6xsoeH-ohta JasHOW At réguialifig VEVE£E on the
oxygen-coniadcijg)glg 9as.suRRly line 10, Asqyeferred amoyngaf syupply:of the oxidizing agent, itis

recommended to adjust the amount of supply to 0.5 times or more, and more preferably 0.7 times or
more, the mataramouatefithe theoreiical-exygemdergand of the-subsiancas-todfe treated in the waste
water, and preferably to 5.0 times or less, and more preferably 3.0 times or less, the molar amount of
the theoreti€@®§gen démaric: Tetheaniolnt dT s Uity eitiecexidiZng ayertt iR1essStnlos times the

molar amOL%, the substances to be oxjdized are not suﬁi%iently oxigized r de?gfraded, and a relatively
rea

large amouRttherdof TR&Y réhalfih the Tiqlid obtained affer the Wet Sxidation reatment: Also, if

oxygen is suppliad;inap amountJargenthan >-Ldimesdhe, molar amount, thegxidatien/degradation
throughput may be saturated. [0100]
Here, the upper limit of the proportion of the component B
present in the surface layer section extending within a depth
of 1000 um from the outer surface of the catalyst is 100% by
mass, but 1if the proportion is preferably 97% by mass, and more
preferably about 95% by mass, the objects of the present
invention can be sufficiently achieved.
[0040]

The amount of the component B supported on the component

A is not particularly limited, and can be appropriately selected
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The term "theoretical oxygen demand" in the present invention is an amount of oxygen required to
oxidize and/or degrade the substances to be oxidized, such as organic compounds or nitrogen
compounds in the waste water, to nitrogen, carbon dioxide, water, and ashes. [0101] The waste
water sent to the heater 3 is preliminarily heated, and then is supplied to a column reactor 1. If the
temperature of the waste water is excessively increased, the waste water changes into gas state in the
column reactor, organic materials may attach to the catalyst surfaces, and the activity of the catalyst
may deteridpatet Therafore; itds secomarehded @0 applytd presstire whithekedpsathbngaste water in
liquid phase in the column reactor, therehy the waste water can retain the liquid phase even at a high

temperaturé AIHIUGRIRE systeérn Hay aisd’be Gfe ARG By othér St HE e tEmpberature of the
waste watet s el o ademperatire squal to,er Righer dhan 80C and lower than 370G. When the
temperature of the waste water inside the column reactor is 370C or higher, to apply high pressure is
necessary iprrder-toetain .the $iquid phasewsf thearasteanatet vENUS, inHbis ease, largerrsized
facilities may be required, and the running cost may increase. The temperature of the waste water
inside the clurfift fe&EtBP & referabi280E 0 rieWer Hfidle Brefefalbly: 270 0P VWERCEYEN more
preferably 259@9 or Ig\/\ﬁ, till more Qli%if%r bly 24%(%C or lower, even morgéorrefterabl 230%: or lower,

and even more p(r:eafe?a 3‘7 70€"oriower. On the other hand, | i?%eetevrqr?peraturé of the waste water is

lower than 8QG 4t may, be, difficultta.efficiently sapry out the oxidationidegradation teatment of the
substances to be oxidized in the waste water. Therefore, the temperature of the waste water inside the
column reactenida tengeratiire ofgpreferabhe86C ontigherh more preferabiyol 0@Crardwghér, even
more preferably 110C or higher, still more preferably higher than 120C, even more preferably higher
than 130C, ‘A prfiERaty préterbly Higher tHan"RABCBLoor trRer™are o Bartichfar limitations
on the timing (g heat the waste water, ang as, descibed above, a waste yater, beajed,i advance may
be supplied to the column rea&gr, or it is also acceptagle to heat the waste water after the waste water
is supplied toptheicolumn reactor. Also, there are no particular limitations on the method of heating the
waste water, and the waste water may be heated using a heater or a heat exchanger, or may be
heated by a heater providedinsidecthetcolirarsreactof. Altreatosouwroestch asstaai ntayralso be
supplied to the waste water. [0103 It is also preferable to provide a pressure control valve on the

1 ...
exhaust gad Biitiet Sde G e et Sxidation radidtt apgdfatust tothefeby ir6pnaER djust the
pressure depending gn fhe tregtmenttemperatire, so.that the wastewater can refain the liguid phase
inside the column reactor. For example, when the treatment temperature is equal to or higher than
80C and lowekthan 95€C thesvasterwaterds trethesligiid State eventundentheratmogpbaricpressure.
From the viewpoint of economic efficiency, the treatment may be carried out under the atmospheric
pressure, bat i i® préferasietts apphy pidssifelin draercodathantettie reapr@netficieRc)SWhen the
treatment t m%frf\tur .is 95C or hi,%tler the waste wafer is often v,agfrized under the a%mospheric

pressure. Thertore, ftie fesiable o coniraltha préssuracsd fhat tiie waste watsr an rétsin the liquid

phase, by applyinga pressyre of-akout0.21MPa to LMkaldgaugelyhenthetieaimentiemperature is
equal to or higher than 95C and lower than 170C, a pressure of about 1 MPa to 5 MPa (gauge) when
the treatmeahtemperatireis equallte os fugherthan dd0Ctard lowes tham236Canth agréssure of
greater than 5 MPa (gauge) when the treatment temperature is equal to or higher than 230C. [0104]
In regard toth&RFet Gt afion tredtiehtiséd iitthée preseht véhtidit thete hre hosparfiedar
limitations on the numggri,ot pe, iré%qrgnd ttle Iik%ﬁ)f the fglllu%r)%E%actort gdwtgg%% cv% mn reactors

that are conv%%(ﬁgnséﬁy used in a wet oxidation freatment can be used rsling y or as a com Sination of

plural columns, ke examplecasingle coluyan system Feagtan Ona Mwltcoln system reactor can be
used. When plural column reactors are installed, the reactors can be arbitrarily arranged, such as in
series or in pacaliel tadcosdingrtodhelpurpese JO106] wet As tle hiethod ¢ercsupplyingiwaste water
into a column reactor, various forms such as gas-liquid occurrent upward flow, gas-liquid occurrent

downward S Y= iguid countértarréht fow taf b%pLP:?eH Wﬁ@ﬁpfﬁﬁ'al%ﬁjrﬁﬁ?éﬁ&‘ars are provided,
two or more,gf these supply methods may, be combined [Q106], .. \Whenthe solid cafalyst described
above is used in the wet oxidation treatment inside the column reactor, the oxidation/degradation

treatment efficieneydon thel substaneesstashea exidizat suchwasrany. fne ob MareOfprganige
compounds,
particle size of the component B is preferably 2 nm or larger,
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nitrogen compounds and sulfur compounds contained in the waste water, is improved. [0107] The
amount of packing of the catalyst to be packed in the column reactor is not particular limited, and can
be appropriately determined according to the purpose. Usually, it is recommended to adjust the
amount of packing of the catalyst such that the spatial velocity per catalyst layer is 0.1 hr' to 10 hr',
more preferably 0.2 hr to 5 hr', and even more preferably 0.3 hr' to 3 hr'. If the spatial velocity is less
than 0.1 hr', the throughput of the catalyst is decreased, and excessive facilities may be required. On
the contrangtifthespatiakedlesigoéxceedsn @ hr' L thedsxidatid/dehradationaesatvrnt ofthe waste
water in the column reactor may be insufficiently achieved. [0108 In the case of using plural

]
column reatbfs. diffefeht CatAINSE Ty Befsed hithe reSpaLtive redtors: BF a¢didhiTRSctor that is
packed with,a catalyst,and a colymn reactor that dogs 0ot use.a-catalyst may he combined, Thus, the

method of using the catalyst related to the present invention is not particular limited. [0109] There
are no partictilariimitatiaris-oe thershapee of the icatalyshto tbe packed, and the shape ofay:he any of,
for example, particle shape, spherical shape, pellet shape, granular shape, saddle shape, honeycomb
shape and fiddg Shape.tUn-the easelof THetidt ShapBca EabaySHaVIY &ny Afbitra1AorpRGlegy whose
cross-sectiqn is circular, elliptic, polygonal, trefoil, guatrefoil or the like, can be used. [0110] For
the purpostf:@q of st]lgr(%rll(relgp t%tgla%lagnﬁ)%ﬁid? fen {laencc%én Hye'con a%tle?fig%ﬁgﬁraﬁ%?élda[gn%mdrift in the
gas and liquidcvarigys-fillsrs and; inbuili.ohjectsmay b, incorparatedsinside-the calumn reagtor. [0111]
The substances to be oxidized in the waste water are subjected to a oxidation/degradation treatment
inside the columyn rescter, and fatcording ta theapresent ipeerftiomadhe ternetoxidation/degradation
treatment” means various oxidation and/or degradation including, for example: an oxidative
degradatiorPf?é&tH@ﬁjt of converting acetic acid to carbon dioxide and water; a decarboxylation
degradation ﬂent of converting acetic acid to carbon dioxide and methane; an oxidation treatment
of converting a sulfide, a hydrosulfide, a sulfite or a thiosulfate into a sulfate; an oxidation and oxidative

degradation treatmenfcof-cenvering dimethylsutoxide intacarkan dioxide, watskaidashes such as
sulfate ion; a hydrolysis treatment of converting urea into ammonia and carbon dioxide; an oxidative
degradatiorcof derivetingi ambiienia of Aysizinesints: hitrobeharhscanccwaleryand ap oikidation
treatment of converting dimethyl sulfoxide into dimethylsulfone or methanesulfonic acid. That is, the

treatment widély Trichfde's: Atredirtent of HEGEMY S ibstaicad td B8 dkidiéd that e B5Sily
degradable ,dawn Jq nitiggen,0as, catbon digxide, water, ashes,apd the likey and a degradation

treatment of converting an organic compound or nitrogen compound that is not easily degradable, into
low moleculat weeightrepmpatingds;mpan oxidattiamiteatment ohaxidizingathe argainia eogipaund or
nitrogen compound that is not easily degradable. [0112]
of the component B can be confirmed by chipping the catalyst
surface layer section, and observing the surface at a
magnification of 100,000 to 1,000,000 times with a transmission
electron microscope.
[0043]

By making the component B exist in the catalyst surface
layer section in an amount equal to or greater than the specific
value as described above, and controlling the particle size of
the component B, chemical adsorption of the pollutants in the
waste water is facilitated and the particles of the component

B and the pollutants (the materials to be treated in the waste

water) are effectively brought into contact. Thereby, the
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In many cases, poorly degradable organic compounds in the substances to be oxidized are converted
to lowmolecular weight compounds, and, the low molecular weight compounds remain in the liquid
treated through a wet oxidation treatment. In many cases, as the low molecular weight compounds,
they include low molecular weight organic acids, particularly acetic acid. [0113] FIG. 1 specifically
shows a treatment example, in which the waste water is subjected to an oxidation/degradation
treatment in the column reactor, the treated liquid is taken out from a treated liquid line 12 and is
appropriatefecsoied by coolerA4-as nacedsdrcany tHer thiettfeated liggid iscselparateddntaorgas and
liquid by gas-liquid separator 13. Here, it is preferable to detect the liquid surface state by using liquid
surface controfief BE, &6 ¥ Eontrol the liquid surface inside the gas-liquid separator to be constant,
by means o Jquig]surface control valve 15. It is preferable to detect the pressure state using pressure
controller PC, and to control the pressure inside the gas-liquid separator to be constant, by means of
pressure control valve 14.d03444 1 v s Altefnatively, aftenthe waste- water isiseibjedted ta@aind
oxidation/degradation treatment, the treated liquid is not cooled, but the treated liquid may be cooled to
a certain degPéé fi'a edolereaeisitbséquentiraisenarged throlgh @ Press(fecofitr6PVdlve, and then
the treated Jiquid m e separated into_gas and liquid b%/ a gas-Jiguid separator. [0115 The
tomperature HE T g2 M SRR Aot & RO Saen sy At bt e T Feuid
obtained by {reating wasteawater dyan gxidation/degradation;treatmeant,ip the g@lgmr@@pw contains
carbon dioxide, it is preferable to discharge the carbon dioxide from the liquid by, for example,
increasing theiémpecdtire insider tre-gas-ligtidlse pavater portbadischiayg€ thre/ carbboh/dioxide from the
liquid by subjecting the liquid obtained after separation in the gas-liquid separator, to a bubbling

treatment withS£§5¢ suRl AsPRE TOLHE12T LY IR iR fonfiperitite Yorit bf thetredietidiid, the
treated liqui be cooled by a coql nit such a at exchanger.(not shown.in the diagram) or
the cooler 4196!&{3% tﬂs’eglr?gl (gu%%ﬁegd % rt]}?ég Sl{e—isj]%u% Ssép%aaagtgrqi%?%ﬁr{ﬁg %régt'edc' ﬁg@:ﬁé (?nlg%% cooled by
providing a ggeking,unit suehiasia head exchangerdpot shewn inthe diggiam) onaceaier frRot shown in
the diagram) after the gas-liquid separation. [0117] The liquid obtained after the separation in the
gas-liquid separatortd ¢reated diquidy fs disehargedehwughteetreataieldieiid- dischargedine 17. The

discharged liquid may also be purified by further subjecting the discharged liquid to various known
processes ﬁ?cﬂtéscﬁ)?ﬁ&gicé%&ﬁ%nt%ﬂa a-PenmBiRA& sébg}ﬁattiohstr&ﬁlq%ﬁfaﬁ?ﬂ)@frti]onoof the liquid

obtained affgr (e, wel oxjdation reatmentipay aisp, be subjectad to e et gxidation egtment by

returning the portion directly to the waste water before being subjected to the wet oxidation treatment,
or by supplying the potipr towasta Wateral asy pesittop atang-theavasteowates sapphly ine For
example, the TOD concentration or the COD concentration of the waste water may be decreased by
using the liditiie bbeained BfEF the Wet bxidatiof Wredment Asc dilgart vidtet forthe \waste vater.

[0118] he gas obtained after the separation at the gas-liquid separator 13 is %is harged out of
the system TTORON G5 GRCHALE TS 16 6 e Lo et S Bl Ry e R subjected

to other progesses, {0113] s i ndVhendbe wet oxidatiopdreaiment used inthepresent igyeqtion is
carried out, a heat exchanger can be used in place of the heater and the cooler, and these can also be
used in an approprateccombimationng the solid acid content of the component

A (base material) in the present invention, temperature

programmed desorption method with ammonia adsorption is

employed. That is, the solid acid content is specified based

on the molar amount of ammonia that is adsorbed per unit mass

of the base material. More specifically, the "solid acid

content of the oxide of the component A" as used in the present

specification is a value measured according to the method

described in the Examples described below.
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[0120] When the waste water contains a catalyst poisoning material, or a pH adjustment is
needed, an aqueous solution can be supplied through alkali supply line 8 using alkali supply pump 7.
[0121] As explained above, when the method described above is used, the substances contained
in waste water, such as organic compounds, nitrogen compounds and sulfur compounds, can be
treated. Among these substances, particularly in the case of treating nitrogen compounds
(nitrogen-containing compounds), it is preferable to use a catalyst which converts a
nitrogen-contdirfing compound into ammoniacal nitrogen (pre-catalyst) on the upstream side in the flow
direction of the waste water, and to use a downstream side catalyst which treats ammoniacal

nitrogen-containing%’a&@WﬁteW@%@t-@%ys?)c&ﬁjtf?eod&ﬁﬁst?éﬁrﬁtsic?er} it the fHetiod 8éscribed
above. [0122] . ¢ , Jhat i5, 1he present inyeption alsprproyides a method for {reating a,waste water

containing a nitrogen-containing compound in the presence of an oxidizing agent, at a temperature of
equal to or higher than $60C anddowey thare340C ) undertheiesswredaonsditions=smas tokeep the
waste water in liquid phase, characterized in that a catalyst which converts a nitrogen-containing
compound i@ afimeiAcdlitsget (pre-catalySi§ isased a1t #e upSireanside m the flow direction of
waste wate(r]I anrda%g WQstrgsélmct;catall){sg3 \@/h{ hetreai ar]cgrrrll%org:igcalbnétrg en- ogt inigg tV\(/Daste water
(post-catalys?)qs Used on the downstream side. [%(1 f ere,r%he waste water to be treated may
be any waste watefaslopg @s it contains a nitrogen-containing compound, and examples thereof
include waste water containing various nitrogen-containing compounds, including waste water
discharged frod# various industrial plants such as chemical plants, electronic component production
facilities, food processing facilities, printing or plate making facilities, power-generating facilities,
photographic faciliti®8 cni&{aFprotessiid fichifids hidtat P Faeifies hittdl héfiRirfgSatitities, and
paper pulp production fagilities; domesfic waste water yeh.as exgrements, and;sewage:; wastewater
discharged from various hazardous substances tl%ating]faa ities such as wet scrugbmg waste water;

and landfill laachate: An-extraat liquid eblained Ry extracting hazasdeus subgiances i the,goil into
liquid in order to treat a soil containing hazardous substances, can also be dealt with as the waste
water to be steated by the pfesentineentionnfolR4]r e £ e Tk Initrdfen-¢ontainieg cempound related to
the present invention is not particularly limited as long as the compound contains a nitrogen atom, and

examples tHETR6f R RBIganc ditrogeR cohiifolinds, aiiRB dorfpsiRis: Ahfid& Eohifcunds,
amino acid gompoundsy, njtrogep;coniaining Symembered fing compounds, itrates, niffites, nitro

compounds, nitroso compounds, nitrosyl compounds, and polymers containing nitrogen. Preferred
examples of thelnitrogeagoatainingreconmpeundorelated o de presest twenten mcjude amine
compounds, amide compounds, amino acid compounds, nitrogen-containing 5-membered ring
compoundsialteités Titrites, A0 TORPIRMdS HiE6ST E6mpovnds faifrosyréafipoanas, ard polymers

containing n}'[{o \/n LOl%Se'l Amgr}]l%these,.e amples of the inorganic nitrogen %omg&mds related
to the present invention iNcidde amnionia, ammonium salts hydrazine” é%)clrﬁy%rraezir%m salts. [0126]

The amine gompounds.refated to theipresent isweption gre, comppynds.having aming.groyps in the
molecule, and examples thereof include methylamine, ethylenediamine, triethanolamine,
monoethanplaatine ,-methyldietbanotaneing; aniknéahdipyddiagalyzes the adsorption
of nitrogen is employed as the method for measuring the specific
surface area of the catalyst.
[0047]
There are no particular limitations on the crystal
structure of the base material as the component A, and a base
material having a crystal structure that can be identified by

X-ray diffraction may be used, or a base material having an

amorphous structure may also be used.
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[0127] The amide compounds related to the present invention are compounds having amide
groups in the molecule, and examples thereof include formamide, dimethylformamide and urea. [0128]
Examples of the amino acid compounds related to the present invention include glycine, aspartic acid,
phenylalanine, and tryptophan. [0129] Examples of the nitrogen-containing 5-membered ring
compounds related to the present invention include N-methylpyrrolidone, pyrrole, imidazole, pyrazole,
thiazole, oxazole, furazan, and derivatives thereof. Among these, particularly imidazolidinone-based
nitrogen-contdiiig compounds such as DMI (1,3-dimethy1-2-imidazolidinone) are
Widelyusedasaprotic%olarsolvents, andthepresentinvention is also suitable for such treatment of

nitrogen compounds 01307 ° ¢ Fhefitrogeh-cohtainihy compdtihd may e ebfubie dFBGorly
soluble in watet, byt 8NLogER-CoRtRInIg cOMPUIRNAEhAS goluble In watards prefeirggeIn the case
of treating a nitrogen-containing compound which is insoluble or poorly soluble in water, it is preferable
that the nitragepscontaiing compaundl be ia statezofstispensiondn avates from the viewpoint of
handling during the treatment. The nitrogen-containing compound in the waste water may exist as a
single compoufidl, OF nsEiEekistas mMisfres b plifaltsmpsunis feraly Orrdtdtalrsitregen
concentratiqrge jsn th% w SI%S ly\(/eaterr t(% be atg%fteéi in%hlglryesgrntlinv%ntior}%s g}e particulgl(r)l% IiIrrp@ited, but a
concentration ofséqua to or gr%a?er?ﬁan 9 ma/liter ahd equa?fc’o or less than 6000 mg iter is effective,

and the CO@@”I@&iQntiﬁa%efﬁ.@@'Yn@qlé@' tory greaterthapoomalliter andeegual to,erless than 5000
mg/liter. If the total nitrogen concentration is less than 10 mg/liter, the advantage in terms of cost of the

catalytic wet odidatomptréatmenttmay notde-sufficié ntlyrobtaimedh QN the ethershelfd, dfithet
concentration exceeds 6000 mg/liter, since the total nitrogen concentration is too high, sufficient
treatment peHBAMARCE M&Y hot Be CRAIAE f0132]° Pt PR Fastd Wakter hral) S0 CohtaiR

components other tg@g 1 e&r%hrqgg Oc%rit}a\in,inghcgrgg(r)g%q,lf% exgj?;[%@ecgén%paq[ne&s asgﬁg as COD

1S gre ! r ..
components. Tﬂe content e other contponents IS not partlc{llar Imited as long as the content IS In

a range thay,does net inapede the-wetaxidationeaction relateditotbe presgatinaventiany[0133]
oxidation treatment, the catalyst may disintegrate in an early
phase.

[0049]

As a shape of the catalyst of the present invention, the
shape may be conveniently selected according to the purpose,
for example, from a pellet shape, a particle shape, a spherical
shape, a ring shape, and a honeycomb shape, and the shape is
not particularly limited.

[0050]

The size of the catalyst is not particularly limited, and
can be appropriately selected depending on the shape of the
catalyst, desired effects, and the like. The size of the
component B is substantially the same as the size of the catalyst.
For example, when the catalyst has a particle shape (hereinafter,
may be called "particulate catalyst"), the average particle

size is preferably 1 mm or greater, and more preferably 2 mm
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According to the method of the present invention, nitrogen-containing compounds are converted to
ammoniacal nitrogen by the catalyst disposed on the upstream (pre-catalyst) in the flow direction of
the waste water, and further the waste water containing the ammoniacal nitrogen is treated by the
catalyst disposed on the downstream (post-catalyst). The ammoniacal nitrogen is a compound
containing ammoniacal nitrogen, and examples thereof include ammonia, ammonium salts, hydrazine,
and hydrazinium salts, while a preferred example is ammonia. The ammoniacal nitrogen is a product
converted from e pitogen-tbmtairindg eormpound by the pré-catalystvandthinamntoriacsal nitrogen is
treated to be converted into nitrogen and water br% the post-catalyst. The ammoniacal nitrogen

[

concentrati&d I the&miidialal Ritrdgehtcohtailify WaStd Waer thafisosttredied Varts depending

on the convgrgiog,ratia of the RItrogen-¢oRiaining gompoyndRy e pregeatalyst, hutthe goncentration
is preferably 10 mg/liter to 6000 mg/liter, more preferably 30 mg/liter to 5000 mg/liter, and particularly

preferably 501 mgdier te 4000amgAiter. {0:34nded Ehel axidizingagent relatechtocthevpresent invention
may be any oxidizing agent capable of oxidizing the substances to be oxidized in the waste water, and
examples tHéteofinelriEa §as edhtaing oRygén Bhe/or dzbAE drid Rydrdgeh petoxide. When a gas
is used, generally air is used; however, in addition to that, an ox -containing exhaust gas
genoraton Fis CRE At LA At FE e i Fae At Hose. Einck ryeien berode
has strong pxidizability, @od can besuppliedd the fermr-afliauid.-as aquegus bysogen perpxide,
hydrogen peroxide is suitable for the present invention in which an oxidation reaction is carried out in
liquid phase.hihe s0bstancestothk oxédizethdreinitrogenscontainingccompdandsa aremoniaeal
nitrogen, and COD components. [0135] According to the present invention, when a necessary
amount of tR8oxitiZing lgent fcontained inthe"Raste Wwatdritis RBtRECEss 4TS 16 SAFFIY the
oxidizing agent ta the waste.water; however, if a necessary amount is not contained, the oxidizing
agent is su%ﬁ]fﬁedatos‘[ﬁ\g%vla%%g %t%te’trk.lﬁ'ﬁlel?ﬁv?yut% &Japﬁy% Ps%gfepa?ﬁ)ctu%alﬁlf imited, and for example, alll
the oxidizing @gent may be supplied from the front of the catalyst layer, or the agent may also be
supplied in divided portions. When the oxidizing agent is supplied in divided portions, for example, the
oxidizing agent may be supplied fromiseveralssitest alongthesflowdirectioniin thexatalyselayer inside
the column reactor. However, it is preferable to provide plural stages of catalyst layers to contact the

waste watef 38 thd Bkidizing hgEnt with ' S8lic-Edtafyt, aitd-to"add HEPEdZg adéitt 1 'each of the
plural stages, The.pumber oflgyerinside the column reacter jsnot limited, then and pliyral stages of
catalyst layers may be provided in one column reactor, or plural column reactors may be provided,
with a catalystdayerdesing previded iy eaeh of thexealuinn reactersald is/preferable to use ghe catalyst
layers by packing each of the catalyst layers with one catalyst. [0136] The oxidizing agent related
to the preseritinReRtoRTRASY belany agéhfthatis tapable ofuxidizing the sdisstandextbizel oxidized in
the waste water, and examples thereof include a gas containing oxygen and/ar ozone, and hydrogen
sk P e e % LTy £orahiy 2

peroxide. Irfthe Case Bt (Sing 2 g&S ‘generaly iie gas is preterably A i addition 1o that ‘an

oxygen-contaipingexhayst gas-geperated from, oiher plantscan also be gonyeniently,used, The
substances to be oxidized are organic compounds, nitrogen compounds and sulfur compounds. [0137]
The amount 6f the axidizingsagent dhchuded irthéavasté ywatér israppropriately seleetedawith respect to
the amount of the substances to be oxidized in the waste water, but preferably, the amount is 0.4
times to 10/HME&S, prefsrably 6. 5aiied t& 50 ies! GrR Y dtes e B Gl atfeiSmdre Preferably
1.0 times tq 4.%ti(r)q:e%§bfe rrlnolgr amou to{rtlh%ktlheecirggc%lt% gen de landcgfitgg %Libﬁtggces to be
oxidized. It is Because, if the amount 8& e oxidizing aggnt is Teéss than 0.4 fimes by mole, the
hazardous materials{n the wastravater may sotRe sufficiently, degeadad; angddtthe,amarky exceeds
10.0 times by mole, the amount will cause only an increase in the size of the facilities. The term
"theoretical bxygen glemaidbisldreaniount of oxygenaequaized teroxidize ahdjoedégradethe
substances to be oxidized, such as the nitrogen-containing compounds in the waste water, into

nitrogen, c.a]rBdWHﬁi&i]aéf’W&ﬁeﬁ aRG Ashess Eﬁ &§§&IHB§.W%Q§6§§5ﬁ8&QS ﬁé BRidiZed other
than the nittggen-econiaining, campounds are inclyded in 50‘%%%@' walgr, the theoretical,gxygen

demand is determined by including these substances in the calculation.
contact efficiency with the water to be treated may be decreased,

and a sufficient throughput may not be obtained.
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[0138] The present invention is to use at least two kinds of solid catalysts having different
compositions, namely, a pre-catalyst and a post-catalyst, in combination so as to purify
nitrogen-containing compounds in waste water with higher purification performance than in the case of
treating the waste water with each of the catalysts singly, and to thereby make the waste water
innocuous. Specifically, the invention is to use a catalyst having high durability on the upstream side in
the flow direction of the waste water, and to use a catalyst having high activity on the downstream
side. In regaftPtodhe use, while one kind for each of the pre-catalyst and the post-catalyst is used,
plural kinds of the pre-catali‘st and the post-catalyst can also be used. &0139 However, as more

kinds of catalysts hAViRg thé furfctibfs YekeriePABSVE i dLEd the B W%Sﬁ%ogpﬁd? Tatalysts
increases, angit is aften econpmically disadvantageous. Therefore, if is preferahle g useno more
than 5 kinds of catalysts, and more preferably no more than 4 kinds of catalysts. In the case of using
three or mote of salitheatalystiinsecmbination - pliraltkindsyaf-the preicatalystamd pluyati kiads of the
post-catalyst can be used in an arbitrary combination, as long as the order of the pre-catalyst and the
post-cataly$tin e H6G®Adifection st the fraste #aterds hivt feversed [0140Faten the présent
invention, there are no.particular limitations on the catalyst on th sfream in the flow djrection of the
waste wateh (LSt e SRS of ol ¢ BB oA (it 6 Bfectd o e a
catalyst containing.atdgast.ene slementselacted.fremdhe graun consistingaf nongnable metallic
components such as titanium, iron, lanthanum, manganese, zirconium, cobalt, tin, tungsten, yttrium,
indium, tantatumgrleisineith, rickelrcerrinprzifie anth yollium, amd/r agcompeund thedeofs and
preferably, a catalyst containing at least one element selected from titanium, iron, lanthanum,

manganese® ZiEGRiBR: Yttriuf ceFiuh® afd AN dRafsr £E6mpbaRd Yhereof M the firsEEatalyst for
waste water.treatment. of the present invention; (iii) a catalyst containing oxi ar on%lg)qsite oxide
of at least t%logsglggtre%%gm%z lg?o&S c%%seisﬁéé)‘ao?ﬁt%%il%ﬁFffgﬁ,ezirlc%n?lfr%,%iégﬁa tl,C%ic ef, cerium,
lanthanum, sranganeserythw, ineiun pzing apdibismeth; asa eeraperent Ainand at least one
selected from the group consisting of silver, platinum, palladium, ruthenium, rhodium, iridium and gold
as a compamenf Br(heteindftér, alsolreferred tolag Ceatalysedk(ipyi and §iv) arxcatalgst.formed by
coating a porous inorganic oxide with a noble metal and an activating aid (hereinafter, also referred to

as "catalyst'SH (R VAmongthesE Cthd catalf 5655t M G and (9] are PréterabRIGsed  A&iRong the
catalysts of (i) g catalyst confaining atleast oneelgment of tanjumeirop lanthanum, zirgapium,
yttrium and cerium, and/or a compound thereof is preferably used. Such a pre-catalyst can convert
90% or moresobthexutioganacentaining coampaunds-indherwasie wates sdomitrogen gassand/or
ammoniacal nitrogen. The pre-catalyst may be used singly, or may be used in the form of a mixture of
two or mord/ITHeré afe he yartitutaRitstioratonl thetfohn of e eompbuAES of thfon-noble metallic
componentgls thegre-ca al%st. Stpecifi examples thereof inclgde&seim le non-metal substance, and

. 1a er .0 re 10 mm 1s cke ressure LoSs 13
oxides such'as titanta, ifon oxide (Fe Hanthahum oXide, Zirconia, yttria, and ceria. ,ﬁmong these,

the non-noble mefallic companent is preferably usedin the form, of an oxide, In this regard, when
lanthanum or yttrium, and/or compounds thereof are incorporated into a catalyst, thermal stability is
enhanced, and the=spesificsurdace-drea ban be stahilized. yitheccentent of lanthanism oe yttdum, and/or
compounds thereof in the pre-catalyst may be appropriately set, but usually, the content may be, in
terms of oxitlel 209y by HASI GtHESS, AhEpréfdrably 596 Yo 30948 MERRFKil Siritecthe datalyst of (iii)

and the catalyst of (iv).are the same as the catalyst of (1) and the catalyst (lI), respectively, further
description %w fﬁgtg(ll)qé) Peoge%?eé) %erfepir“{ij .S[O e?f]n M'iuéﬁe?lrﬁgre?fln t%%egﬁar%(géﬁﬁnge%r#ontﬁﬁere are no
particular lijpitations @1 the,catalyst oy dhe dawnstreamside i) the flow diregtiomaftheavaste water
(post-catalyst). Preferred examples of the post-catalyst include: (a) a catalyst containing an oxide of at
least one elemem selectdd from thetgroup tonsisting of ttasium, kohdaathapint, Thapgahese,
zirconium, cobalt, tin, tungsten, yttrium, tantalum, bismuth, nickel, cerium, zinc and niobium as a

component%“,tﬁrllé’ tHe Riotarvt &t Iddst OhB%EiemBRt ¥818Etelorh piatirim, [atadiund, ruthenium,
rhodium. gold. silver apg iridiym,, andlar an oxide;thersaf 45.a fampanent B () the first,catalyst for
waste water treatment of the present invention; (C) a catalyst containing oxides or a composite oxide
thereof of atleasttwhselgctedfrom the-graupiconsisting,ofditaniuma tremn,izincanivme gebalf, nickel,
cerium, lanthanum, manganese, yttrium, indium, zinc and bismuth, as a component A', and at least
one selectedfforadlé gicup éonsistingeoftSilvers platthumApaltadivrt futhesiant! rikeditie iridium and
gold as a component B' (hereinafter, also referred to as "catalyst of (c)"); and (d) a catalyst formed by
coating a porous inorganic oxide with a noble metal and an activating aid (hereinafter, also referred to
as "catalyst of (d) ") . Among these, the catalysts ©f (a) and (b) are preferably used. In the catalyst
(a), the proportion of the catalyst component B" in the solid catalyst is preferably set to 0.05% to 10%
by mass. Even if the component B" is used at a proportion of greater than 10% by mass, an
enhancement of the treatment performance corresponding to such an increase of the proportion is not

recognized. Rather, since the raw materials are expensive, the cost of the solid catalyst increases, and
1t ic economicallyvy dicadvvantadeniic Meanwhile <cince the catalvet of () and the catalvvet of (A are the



There are no particular limitations on the shape of the respective catalysts, and for example, the shape
may be any of particle shape, spherical shape, pellet shape, fracture shape, saddle shape,
honeycomb shape and ring shape. In the case of pellet shape, a catalyst having any arbitrary
morphology whose cross-section is circular, elliptic, polygonal, trefoil, quatrefoil or the like, can be
used. [0144] In regard to the arrangement of the catalysts, at least two kinds of catalysts having
different compositions are used with arranged in the flow direction of the waste water from the
upstream sigleatviwars theadownstiedrh sides Holever shiativeen, thé two sadjeceht ehfedysts, when the
volume occupied by the catalyst closer to the upstream side (pre-catalyst) is represented by V1, and

the volume deelified BY tRBTatAIYSt ER5&Ptd thea8whitiant fobSrestal ety fs rapre8&mtEa by V2, it is
effective to pack the cafalysis suchihak the rafig of the vwelumes.accupied by these fwg adjacent

catalysts, V1 /V2 , is 20/1 to 1/5. It is more effective if the ratio of the volumes occupied by these two
adjacent catalystsyV14v2; i3 15/1t9 .1/3, even more effectively 10/1 to 1/2, and particularly preferably
10/1 to 2/1. If the ratio of the volumes occupied, V1/V2, is larger than 20/1, the effect of the method for
treating wadteWwvatér according to the present invention is small, and the results of the method are not
much different fro thg VEESle['tS obtalnec:l?téy treatlfc% aste Watﬁ% \élth one kmlmq caetglcyts(t).rlf the ratio is

ea € hen € T sL 1S pac in a,co r ;
smaller than 1/5, the amourit of the pos ca?aafysat Ataining a noble metal componentincréases, and

the catalystgastingreases, thenitds geanomically disadvantageous- {8145} s + rEhe &ethod of the
present invention is to carry out the treatment in a temperature range of equal to or higher than 100C
and lower thaw870Cx ifdhé treatmeattemeperatureds avierlthan 100G, 1t may become difficllt to
efficiently carry out the oxidation/degradation treatment of nitrogen-containing compounds. The
treatment téMBeldturelis prefetdbly set 163 témperattite 8F 126C I highes Morepréferalbly higher

than 120C, eyen maore preferably a temperature of higher.than 13 and still more.preferably a
tomperaturs SPHGNer T L10C. e 18 B 16 AERHILIe e J70C AP Figher, the waste
water cannetgpainfain the lisuid phases mRichds aiehpreferable.Jbthe treatment iempetgtiare is
elevated, the operating cost required for heating increases. Therefore, preferably, the treatment
temperature ata/lhyes set to a temperature of 280C or lower, more preferably 270C or lower, even more
preferably 260C or lower, still more preferably 250C or lower, even more preferably 240C or lower, still
more preferé\%ﬂpﬁoc lower, and even more preferably 170C or lower. [0146] On the other hand,
the treatment pressylfe Maytie AR PLASSIR ap Jag-as e waste; waleL canJetaln e liquid phase at
the treatment temperature, and there are no particular limitations. The treatment pressure may be
different in each afithe catalysitayersrilso,dhe adjusttent of dre treatment yiiessureds net particularly
limited, and the pressure can be adjusted according to a known method. For example, it is preferable

to provide d'gressure conitior Va6 fife exPanstGas-outlet SiHe dfthe- wet lbxigatirieatment
apparatus, and t hr?reb appropriately adjust the pressure in accordance with the treatment
temperatur§ saont%a ﬁecv}éénﬁgr\l/va {ért%an rge{fe%%?ﬁéa %q&lid 62‘558 Hhsidd e OC%“?I%% Fdactor Here, the
treatment pregsLre is-such that, forexample, ‘%E%H@%&%@BW&EEK‘ Reratuie.is-egyal te o higher _
than 80C and lower than 95C, the waste water is in the liquid phase state even under the atmospheric
pressure. FEom thendewpaiat of ecanomic@fficiency] she fréatmentipressure may bettheatmospheric
pressure, but it is preferable to apply pressure in order to enhance the treatment efficiency. When the

treatment térApERGRts 98 orrigher! tte WaRtERAter Vapbfizes bhddrithadtmbipRafic pressure in
many cases, Therefore, it is preferable to control the pressure such that the waste water can retain the
U phase By SSohing & Brecsiire of APOct 6.2 MEh 6 b Wb (Jeuge) wikh the teatman
temperature is-equat ta pe higher than95C and lawer than LHG;sa pressyre ofabgutuh MPa to 5 MPa
(gauge) when the treatment temperature is equal to or higher than 170C and lower than 230C; and a
pressure oftgreatep thans MR (gaagerwhen thé treatarent teniperatdr @ ish230Caordugleert In order to
enhance the treatment performance and the durability of the catalyst, it is preferable to control the

fluctuation oftHSfreRthEACHrESELR 10 P05 6 1529 6T BreferibigAbes bR essS ahaEveh more
preferably $% orless,l0144].,; + The spatialvelocity of. the, wagte waterin, ihe catalyst layer is not

particularly limited, but usually, it is preferable to adjust the spatial velocity in each of the catalyst
layers to 0.5 h5tHketol 1@ B5-7 I imerepreferabliyn@2dria d ks winthevenonote preferadhng.3 hr' to3
hr'. If the spatial velocity is less than 0.1 hr', the throughput of the waste water is decreased, and
excessive fadilittes-willlbe paduiieths @ndhd otherhmwddithe Spatiglvelsdity isfgidatePtHedr10 hr', it is
difficult to efficiently carry out the oxidation/degradation treatment of nitrogen-containing compounds.
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[0148] In the present invention, the amount of the oxidizing agent supplied is not particularly
limited, and it is desirable to supply the oxidizing agent in an amount required to degrade and eliminate
hazardous substances in the waste water. When the oxidizing agent is a gas, the amount supplied to
the waste water can be appropriately regulatedby, for example, providing an oxygen-containing gas
flow rate regulating valve on the oxygen-containing gas supply line. As the amount of supply of the
oxidizing agent, it is recommended that the amount of supply be an amount corresponding to an
oxygen contenmtiod peeferably 04 times lor reabér imoté preferalsly  Batimes drgideteroand even more
preferably 0.7 times or greater, the molar amount of the theoretical oxygen supply for the substances
to be oxidiz%ﬁ‘ofﬁriﬁe%gs%l?va?&l?%ﬂaeéh%%g%?@coﬁ@nt%?%@fé?éﬁly 0.0 times or less, more
preferably 5:@ §igmes or less, and even more preferably 3.0 times or less, the molar amount of the
theoretical oxygen supply. If the amount of the oxidizing agent supplied is less than 0.4 times by mole,
the hazardous substarces iarthe waste waterunay not he saffictentlycdegradechsrmany tases, and a
relatively large amount of the hazardous substances may remain in the liquid obtained after the wet
oxidation tr@atfieht 1Rgert ithe dxiiziAg agehtisSslipptietlin ivandnat ofgieatdrthan 0D times by
mole, the treatment performance may not be enhanced only by enlarging the size of the facilities in
many cases%.%ﬁfe: "?"t{»hge%%st|tcaclaonx(;é/ggf]eeﬁ\‘/51 elr:wlgnarg ?ﬁ%g %éfréj‘.%e%”r% 5 ﬁwheogrho%ﬁ%%%?gsen required
to degrade the suRstapcasie Q%@&igiigdﬁ‘:’&@cﬁﬁ%r gapiccempawpdsand pitrogencompounds in the
waste water, to nitrogen, carbon dioxide, water, and ashes such as sulfates. When substances to be
oxidized othetthap hitrogenetdntdiningecampogndsdre iaclidednn ¢hehasteewater hthe .theoretical
oxygen demand is determined by including these substances in the calculation. [0149]
Hereinafter,[t%%%ésent invention will be described in more detail by the Examples, but the present
invention is not intepded.to be limited to the following Examples, and all variations and . modifications
made to the extent t Safgth%cﬁlusfsgéeg of thé ir%le%nﬁg% taf1i;>fn]§voe§d&gri%€§gaeb%%/elgxg Et]htalt%V\r/llll be
described belowase maiatained; are included in the, technicaliscapeofdheqiesenkipyertion.
Examples [0150] Hereinafter, the present invention will be more specifically described by way of
Catalyst Préparatior ExamplesicCompardtive Praperation Bxampless ExampldsandComparative
Examples, but the present invention is not intended to be limited to these. [0151] In the following

Examples, theolalhirbden cshtehiratiohtinBidatesthE St Of the GonRentr&titns 8f uh?@dcted
nitrogen-copfainingGomMpAUNS, ammaniacal ispgeR. and pitrate pittogen. Nifrate pitrogen is a term

collectively referring to nitrogen oxide ions, and examples thereof include NO2 and NO/. [0152]

The methodsfpr sfeasitingsthecistribation anddhe averagespaicte size 0f the cemponentB will be
described below. [0153] (Measurement of distribution of component B) The proportion (mass%) of
the component B greseat mahe italystsiftaceagér sé@iorrwhihectpresipsinane thtdlyst outer
surface to a de;%th of 1000 pm, WItEI refgect 1;9 the total oglrf% ?]I the ggtgllyst, as determjcned by:

with the catdlyst eross section: Afinear anal/sid & perfotmed for tHe amourt of the Goitpdnent B

present in the catalyst syeface layes section ve existence, and the methods for

preparing a catalyst described above can be applied.
Preferably, a spray method, and particularly spraying an
aqueous solution of the component B to the oxide of the component
A can be preferably used. Hereinafter, a preferred method for
producing the catalyst of the present invention will be
explained. However, the method for producing the catalyst of
the present invention is not intended to be limited to one
described below.

[0057]
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by EPMA (electron probe microanalysis), and the proportion of the component B in the section from
the catalyst surface to a depth of 1000 Rmwith respect to that in the total distribution is calculated on
the basis of the area ratio. [0154] Analysis apparatus: EPM-810 manufactured by Shimadzu Corp.
X-ray beam diameter: 1 gm Accelerating voltage: 20 kV Sample current: 0.1 gm Sample scan speed:
200 gm/min [0155] (Measurement of average particle size of component B) The average particle
size of the component B contained in the catalyst was calculated by measuring the amount of
chemisorption by thelCOtpulse nethod efarrRDGnasis §0856]y 1 r @dnadysislapparstusrCatalyst

analysis apparatus manufactured by BEL Japan, Inc., BEL-CAT Analysis method: TPD
(temperaturdprogrammatagsofBtion] Lt gasHiTnS DEBERF RED heral caRduttive type

detector) P@FS—%&!@% lemperature/time: 300G, X 13 miputes dyvdragematmosphere) £ Q-adsorption
temperature: 100C [0157] (Measurement of solid acid content)
cerium are molded into a predetermined shape, and thus the
component A is prepared. Here, the mixing ratio of the iron
compound and the other oxide is not particularly limited, but
it is preferably a mixing ratio such as described above. The
shape of the component A of the present invention is not
particularly limited, and can be appropriately selected in
accordance with the desired shape of the catalyst. Examples
of the shape include pellet shape, particle shape, spherical
shape, ring shape, and honeycomb shape.
[0058]

Next, a solution of the raw material compound of the
component B is prepared. Here, the raw material compound of
the component B is not particularly limited as long as it is
selected from the components described above; however, the raw
material compound is preferably a water-soluble compound, and
more preferably an inorganic compound. The component B may be
an emulsion type compound or a compound in the form of slurry
or colloid, and a suitably compound may be appropriately used
in accordance with the method for preparing the catalyst, or
the type of the component A. Specific examples of the component
B include the same compounds as described above. The solvent
for dissolving the component B is not particularly limited as
long as the solvent is capable of dissolving or dispersing the

raw material compound of the component B. Specific examples
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The solid acid content was determined by a gaseous base adsorption method. Ammonia was used as
the base. [0158] Analysis apparatus: Catalyst analysis apparatus manufactured by BEL Japan,
Inc., BEL-CAT Analysis method: TPD (temperatureprogrammeddesorption) Carrier gas: Helium
Detector: ICD (thermal conductive type detector) Pretreatment temperature/time: 200C X 2 hours
Ammonia adsorption temperature: 100C Temperature Increase range: From 100C to 700C
Temperature Increase rate: 10C/min [0159] (Catalyst Preparation Example 1) An iron oxide
(Fe803)-aluphinurraxitle(A1863) powdersreparcdlby ancb précipitdtion Fiethod Wwasmalded into a
pellet shape, and platinum (Pt) was supported thereon. The average diameter of the pellet was 5 mm,

the average fendit Was 6t afd e Speifit°sittade Shsa Wass8 naig™ i Sier t8 achicte
high-dispergjon, supporting of Rt as.fine- parficles, in the surtacelayer saction. gt the pgliet ;aliquid

prepared by adding sodium carbonate to a basic aqueous solution of a platinum complex was sprayed
while the pelletsweees copstantly meoved, o thereby supportaRtt And then,theipelletsiwerandried for
one hour while the pellets were rotated in a hot air stream at 90C. Subsequently, the pellets were
subjected t& AFedlaeiGiréatmet Wind ahythogeRedhtaiding YeRFBF 3 hotirs 8t 360€P and thus a

catalyst (A-1) was obtained.. The mass ra}iosog fr%e mlain Ke ogwpounen(tDs gfe the caggll)ﬁ/gt %h}g_.ls %btained was
Fe203:A1203:Pt = 90:9:7:0.3. The'resuits 'of mvesﬁgaﬁng e distribution of Ptin the cataﬁysﬁ A-1

(proportion ofRE Bresent i the regionextending within the,depthof 1000m from the, base material
surface, with respect to the total content of Pt) by EPMA, the results of investigating the particle size of
Pt by a TPO &Aalysis, and the results of investigating the solid acid content are presented in Table 1.
[0160] (Catalyst Preparation Examples 2 and 3) In Catalyst Preparation Examples 2 and 3, the
pellets used for the'¢atayst a4 weledsed fn the'seIpetiets thé BEmipbRER IndiRE S ih Fable 1 were

used as the comaonent [ Catalysts (A:2 and A- et prepared Dy iie same, methad g that used in
Catalyst Preparation ?Examp el, excer?t that thee component B was change as described below. The

results of investigajingithg distsipution of thelggmpomentiB in the respeaetive-catalysts(peeportion
present in the region extending within the depth of 1000 pm from the base material surface, with
respect to the tstakdarteht) by BERIMAhE rishitsrof ivestigatihyg the panticlesize by atTRD analysis,
and the results of investigating the solid acid content are presented in Table 1. [0161] That is, in

Catalyst Prégarafion EXIMBIE SRiFtiGRT RS Wak Usét 58 tHe-Bshipatieht BE AUighid prepga#¥d by mixing

an material compound of the component B by dissolving the raw

material compound of the component B and the other component
in a solvent; supporting the component B on the component A,
and then incorporating the other component; supporting the
component B on the component A, and then supporting the other
component on the component A. Among these, preparinga solution
of the raw material compound of the component B by dissolving
the raw material compound of the component B and the other
component in a solvent is preferred. With such a method, the
component B and the other component can be supported on the
component A conveniently and in a single step.
[0060]

The solution of the rawmaterial compound of the component

B prepared described above is sprayed onto the component A.
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aqueous solution of iridium chloride and ethanol was used for the precursor. The amount of iridium
supported was 0.6% by mass. [0162] In Catalyst Preparation Example 3, palladium (Pd) and
platinum (Pt) were used as the component B. A liquid prepared by mixing a basic aqueous solution of
a palladium complex and an basic aqueous solution of a platinum complex with sodium hydroxide was
used for the precursor. The amounts of palladium and platinum supported were 0.5% by mass and
0.1% by mass, respectively. [0163] (Comparative Preparation Example 1) The same iron oxide
(Fe203)-alumsinem 6kidend208) powddcas thattused inTTafalyst PrepaiationExamplectinghd an
agueous solution of platinum nitrate were mixed, and the mixture was dried by evaporation to dryness

in a hot air §&s SttEam ATy stippdtt 6 395 by Midss S pISHRER"hén ‘thé iniRtlire was dried for 20
hours and was molded intq pelietihaving the same shapeas thatysed.n the catalyst As1 (average.
diameter 5 mm, and average length 6 mm). The pellets were subjected to a reduction treatment using
a hydrogensontainingegasfor Schatrs at 300 and thus arcatalyst(A-4rwasobtainedvdhe results of
investigating the distribution state of Pt (proportion present in the region extending within the depth of
100011 mfratithe babeé Ynatehial sutfatel witiegpectitd the tafaPeshtent) B EPMA, the réSults of
investigating gr%% p rticI% size 8f P a ‘I(;PQ anoalysi%, %%% tr%% re%uaﬁg, q:f iin esti atigg tge gglid acid
content are presenteﬁ in-Table ﬁ% Zﬁ (%:a%y?t I9reparation %xampﬁes 2 oCESq“p A iron oxide
(Fe203)-titapim-Qxide HQ2) powder prepared by@cozpresipiiationsmetihodiywas melded into a pellet
shape, and the component B was supported thereon. The average diameter of the pellet was 5 mm,
the averageilength was Fymm, and the spedificsurfaceuarea ias48 on2/gnehé cBmponeneB was
incorporated into a pellet by the same method as that used in Catalyst Preparation Example 1, and
thus catalysis B=£td B=3 Wete ObtHind @ TAL theScBthporéit B forthe r iG& cafalysts, palladium
(Pd) was incarporated into B-1; rutheniym as incorporated into B-2; and-gald nd platinum
(P were Ineo s o s B i e B A oy B
sodium hydrexigde t@ an agueous solution of a basic palladium complex was used,; in Catalyst
Preparation Example 5, a liquid prepared by adding sodium carbonate to an aqueous solution of a
basic rutherlidfPddmplex was used; and in Catalyst Preparation Example 6, a liquid prepared by
mixing an aqueous solution of chloroauric acid, an aqueous solution of platinum, nitrate, and ethanol

was used.) The cataly5E& obtanedHeY the 246ition OF #7e SORPoAALS wete SUBfcted to a reduction
treatment using.a hydregep-containing,gas for, 3 hours at, 209G, The mass ratios ef the main
components in the respective catalysts thus obtained were Fe203:1108:Pd = 84.7:14.9:0.4 (catalyst
B-1), Fe202dn02iRumE 84.4:442i01 (catadyst B-2)hand 5¢20214 02416 P 58405 1419:0.4:0.2
(catalyst B-3). The results of investigating the distribution of the component B in the catalysts B-1 to
B-3 (proporfibf presentiiahé fegicirexpnBingiwitsif thetepth ¢TI0 pirnfiope TfEl base Material
surface, with respect to the total con{enti byn PMA, Igahe results of invefggatjcqgﬁth Iparticle size by a

TPD analysie, andthe 7St s iRvestigatinlg e sofid Acid Contét &ré presehted in TABle 2. [0165]

(Comparative Prepayation Example 2) - 51 T7he same iron oxide (%%%0@6@@”'{&%%@%1}02)
powder as that used in Catalyst Preparation Examples 4 to 6, and a commercially available ruthenium
oxide (Ru02)opowder iwgreomixadh anikthermixtureswas mokdédriniolay pellét haviag thewsame shape as
that of the catalyst B-1 (average diameter 5 mm, and average length 7 mm). The pellets were
subjected t6:aGeBtEfoR freafihéntiusing EthydroyeitcontafhiriP gas for 8 Hotrd 8F 369¢€, 4Rd thus a
catalyst B-4 was gbtaigﬁd. The mass rrago é’é gh% mai'ré components o tgeccoalﬁal%!%te th sAob(gained was
Fe202:1102°Ru = 84.4: f9ddqf THe Tesuifs™or investigating the distribution state of Ru in the catalyst

B-4 (proporiian presestinthe sagion extendingyithinthe depth-ef 00 gm frem thg base material
surface, with respect to the total content) by EPMA, the results of investigating the particle size of Ru
by a TPD ahalysisband thenasgelts of Hvestdating tkecsolidacich tohtean dve prebentethvialTable 2.

and uniformly supported on the surface layer section extending
within 1000 pum from the outer surface of the component A. The
reduction treatment conditions for the component B are not

particularly limited, but for example, the reduction treatment
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[0166] (Comparative Preparation Example 3) The same iron oxide (Fe202)-titanium oxide (1.102)
powder as that used in Catalyst Preparation Examples 4 to 6 was calcined in air at 850C. (The powder
of Catalyst Preparation Examples 4 to 6 was calcined at 600C.) The specific surface area of the
powder was 22 m2/g, and the powder was molded into a pellet having the same shape as that of the
catalyst B-1 (average diameter 5 mm, and average length 7 mm). Pd was incorporated into the pellets
by the same method as that used in Catalyst Preparation Example 1, and thus a catalyst B-5 was
obtained. TheratalystWwas sebjettetbtocd ieduction treatrhéft Gsingrel hydrog epreormaining/gas for 3

hours at 30§§8Jhe masa ratio of the main components of the catalyst thus obtained was

Fe202:1102Pd & 84°7:149/0:4. TRE réSHEDrinvVedtigating the distibutioh BF BATH tHe' dathlyst B-5
(proportion present ip;the regjon gxjend sevwgy@m%dgpt@oof@%ﬁ@ from,the basg material
surface, with respect to the total content) by EPMA, the results of investigating the particle size by a
TPD analysis;rantttheresultshef ipwestigatiag éhe solid acidrcontenttare pregenied ttmdable 2. [0167]
(Catalyst Preparation Examples 7 and 8) An iron oxide (Fe202)-cerium oxide (Ce02) powder
prepared by aTopretipitatiors hembdRas mofded e & peRersHape aad e coMponemB was
supported tgereonéggebaé/ega e gira e&er %f t@g épe(I:IgItn was gnrpnk theﬁ}/era%e Iengtréwas 4 mm, and
the specific strface area was 38 m /% The componen? B'Was Inc'orpora?eé into the pellets by the
same methed agthatiised inCatalysiRreparationfxample Lnang thuscatalysts, Q4. and0r2 were
obtained. As the component B of the respective catalysts, rhodium (Rh) was incorporated into 0-1; and
iridium (Ir) ardnpaifddium (Pd) wete imcotparaied-into 0-2v{lneCatadyst PrgparationExample 7, a liquid
prepared by mixing an aqueous solution of rhodium nitrate and ethanol was used; and in Catalyst
PreparatioMBx&hpels, GoMiid predred ty MXiPas abuBods sofkitidh of iridiih chforide, an
aqueous solytion.of pajladium Ditfate, and acefong was ysed.L The catalysts, obtained iter the
addition of the component B were u%Jected to a reduction treatment using a hy roge%-containing gas
for 3 hours at300f: thg ass ratics etiednain eerppanRentsHnihe respeative gatalyststhws obtained
were Fe803:0e08:Rh = 79.9:20.0:0.1 (catalyst 0-1), and Fe803:0e08:Ir:Pd = 79.4:19.9:0.4:0.3 (catalyst
0-2). The resulzoftinvestiyatingntheadisteibation steterefithe compenent Btimthércatalysts0-1 and 0-2
(proportion present in the region extending within the depth of 1000 pm from the base material
surface, with8spEcttb Thié 6t contehd by EPMA RETeBNtd 8 invEStigHting the partd8 Size by a
TPD analysis, ahd thedesulls of inyesyoating, e spliciacid Garupnt 216 presenied M}F@@'&{%- [0168]
(Comparative Preparation Example 4) Commercially available powders of iron oxide (Fe803) and
cerium oxideKCeP2}avere mixed, andihe qrixture Wwasdoltled intxa pellet sbapeedhe amesage
diameter of the pellet was 3 mm, the average length was 4 mm, and the specific surface area was 25
m2/g. The componemB Was IReoHsatetiingd the pallais byahelssAe hiethbd dsotfat @Sed in Catalyst
Preparation Examp%l, andfthus a catalyst C-ST\A/as obtained. Rhodium th)lwas_ ncorporated as the
catalyst compsnent B (A Iiuid Breparsd By mixing ah Hquéous $olutioh of rhotiun Aitrats and ethanol
was used.) Thecatalysteltained:after the addlifion.af the,companent & was subjected to a.reduction
treatment using a hydrogen-containing gas for 3 hours at 300C. The mass ratio of the main
components o theneatalyst thuskobtained wiasFeZ02 €02 Rz Anhe:20i%e.1. The results of
investigating the distribution of the component B (proportion present in the region extending within the

depth of 106047t FrohPtheBaseimatsridl 2iracs Swith Tedpedtis five ttalcontert) by BPRIA, the
resuls of inyestigating the nagicle size by 8 TAD Analsis.and e sesulis otinvestioing the sofd
acid content are presented in Table s.
such conditions, the component B can be efficiently supported
on the component A.
[0062]
The catalyst of the present invention such as described

above can exhibit an especially excellent activity on the wet

oxidation of waste water. Accordingly, the present invention
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[0169] [Table 1] Catalyst Component B Distribution proportion of component B Particle size of
component B Solid acid content A-1 Pt 95 mass% 6.1nm

also provides a method for treating waste water, the method
including subjecting waste water to wet oxidation using the
catalyst for waste water treatment of the present invention.
Particularly, the present invention also provides a method for
treating waste water, the method including subjecting a waste
water containing at least one of organic compounds, nitrogen
compounds and sulfur compounds, to wet oxidation using the
catalyst for waste water treatment of the present invention,
in the presence of an oxidizing agent, at a temperature of equal
to or higher than 80°C and lower than 370°C and under a pressure
condition so as to keep the waste water in ligquid phase.
[0063]

Alternatively, followings can also exhibit an especially
excellent activity effect on the wet oxidation of waste water:
(I) acatalyst containing oxides or a composite oxide of at least
two selected from the group consisting of titanium, iron,
zirconium, cobalt, nickel, cerium, lanthanum, manganese,
yttrium, indium, zinc and bismuth as a component A', and at least
one selected from the group consisting of silver, platinum,
palladium, ruthenium, rhodium, iridium and gold as a component
B' (hereinafter, also referred to as "catalyst of (I)"); and
(IT) a catalyst formed by coating a porous inorganic oxide with
a noble metal and an activating aid (hereinafter, also referred
to as "catalyst of (II)"). Accordingly, the present invention
also provides a method for treating waste water, the method
including subjecting waste water to wet oxidation using a

catalyst containing oxides of at least two selected from the
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0.27 mmol/g A-2 Ir 92 mass% 10.9nm 0.26 mmol/g A-3 Pd,Pt 84 mass% 13.3nm 0.26 mmol/g A-4 Pt
22 mass% 5.3 nm 0.25 mmol/g

group consisting of titanium, iron, zirconium, cobalt, nickel,
cerium, lanthanum, manganese, yttrium, indium, zinc and bismuth,
or a composite oxide thereof as a component A', and at least
one selected from the group consisting of silver, platinum,
palladium, ruthenium, rhodium, iridium and gold as a component
B', or a catalyst formed by coating a porous inorganic oxide
with a noble metal and an activating aid. Particularly, the
present invention also provides a method for treating waste
water, the method including a step of subjecting a waste water
containing at least one of organic compounds, nitrogen
compounds and sulfur compounds to a wet oxidation treatment
using the catalyst for waste water treatment of the present
invention, in the presence of an oxidizing agent, at a
temperature of equal to or higher than 80°C and lower than 370°C
under a pressure condition so as to retain the waste water in
liquid phase.

[0064]

Among the catalysts described above, the catalyst (I) is
particularly a catalyst for nitrogen-containing compound
treatment, and a catalyst containing oxides or a composite oxide
of at least two selected from the group consisting of titanium,
iron, zirconium, cobalt, nickel, cerium, lanthanum, manganese,
yttrium, indium, zinc and bismuth as a component A' and at least
one selected from the group consisting of silver, platinum,
palladium, ruthenium, rhodium, iridium and gold as a component
B'.

[0065]
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[0170] [Table 2] Catalyst Component B Distribution proportion of component B Particle size of
component B Solid acid content B-1 Pd

The component A' may be any combination of two or more,
and may also be a combination of three or more. The component
A' is preferably oxides or a composite oxide of at least two
selected from titanium, iron, zirconium, cerium, lanthanum,
manganese, indium and zinc, and is more preferably oxides or
a composite oxide of at least two selected from titanium, iron,
zirconium and cerium.

[0066]

The component A' may be a mixture of individual oxides
or may be a composite oxide, and it is effective that wvarious
components are intimately mixed. The composite oxide may be
a substance having a crystal structure that can be identified
by X-ray diffraction, or may be an amorphous substance.
[0067]

The production of the component A' is not particularly
limited, and a known method can be applied directly or after
appropriate modification. The raw materials of the component
A' are not particularly limited, but are preferably
water—-soluble salts. Examples thereof include inorganic
compounds such as nitrates, sulfates, and halides; and organic
acid salts such as acetates, oxalates and citrates, and
preferred examples include nitrates, sulfates and acetates.
[0068]

The content, in terms of oxides, of the component A' in
the catalyst is 90% to 99.95% by mass, and preferably 95% to
99.90% by mass, with respect to the catalyst.

[0069]
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91 mass% 5.8nm 0.33mmol/g B-2 Ru 94 mass% 11.2nm 0.33mmol/g B-3 Au, Pt 81 mass% 14.1nm
0.32mmol/g B-4 Ru 29 mass% 38 nm

The component B' is at least one selected from the group
consisting of silver, platinum, palladium, ruthenium, rhodium,
iridium and gold, and preferred examples thereof include
platinum, palladium, ruthenium and rhodium, while more
preferred examples include palladium and ruthenium.

[0070]

As the raw materials of the component B', any of organic
acid salts and inorganic acid salts can all be used, but
water-soluble salts are preferred. For example, the raw
material can be appropriately selected fromnitrates, oxalates,
ammonium salts, halides and the like of the metals described
above.

[0071]

The content, in terms of metal, of the component B' in
the catalyst is 0.05% to 10% by mass, and preferably 0.1% to
5% by mass, based on the catalyst. If the content is less than
0.05% by mass, the effect of the noble metal element as the
component B' is small, and the activity of the catalyst is not
enhanced. Also, if the component B' is used at a proportion
of greater than 10% by mass, an enhancement of the catalyst
performance worth with the increase of the catalyst cost may
not be obtained, and therefore, it is not economically
preferable.

[0072]

Next, the method for producing the catalyst (I) will be

described below, but any method may be used as long as it is

a method for preparing a catalyst that is conventionally used
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0.32mmol/g B-5 Pd 90 mass% 6.5 nm 0.17mmol/g [0171] [Table 3] Catalyst Component B Distribution
proportion of component B Particle size of

in a wet oxidation treatment. Followings or the like can be
adopted: (1) adding water—-soluble salts of various components
to water, mixing the components, and adjusting the pH using
ammonia or a hydroxide to co-precipitate the components; (2)
a supporting method of supporting other components on an oxide
or the like; (3) a mixing method of mixing solids such as the
oxides of various components. A preferred method is the method
of supporting other components on an oxide or the 1ike. An oxide
of at least one element selected from the component A' may be
used as a base material component of the catalyst, and the other
components may be supported on the base material component. The
catalyst can be produced by supporting the component B' on these
supporting components, or by incorporating the component B' in
the preparation of the oxides or composite oxide of the
component A'. Preferably, the catalyst is obtained by: the
composite oxide is obtained by co-precipitating precursors of
the component A', and further, the composite oxide is coated
by impregnating the composite oxide with an aqueous liquid of
the component B'.

[0073]

There are no particular limitations on the shape of the
catalyst, and for example, the shape may be any of particle shape,
spherical shape, pellet shape, granular shape, saddle shape,
honeycomb-shape and ring shape. In the case of pellet shape,
a catalyst having any arbitrary shape of any cross—section such
as circular, elliptic, polygonal, trefoil, quatrefoil or the

like, can be used.
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component B Solid acid content C-1 Rh 91 mass% 5.2 nm 0.29mmol/g C-2 Ir,Pd 94 mass% 13.9nm
0.29mmo3/g C-3 Rh 86 mass% 6.5 nm

[0074]

Among the catalysts described above, the catalyst (II)
is a catalyst for nitrogen-containing compound treatment,
characterized in that a porous inorganic oxide is coated with
a noble metal and an activating aid.

[0075]

The catalyst contains, as the noble metal, a metal and/or
an oxide of at least one element selected from silver, platinum,
palladium, ruthenium, rhodium, iridium and gold, and preferably,
the catalyst contains platinum, palladium, rutheniumor iridium.
More preferably, the catalyst contains platinum, palladium, or
ruthenium. Particularly preferably, the catalyst contains
palladium or ruthenium.

[0076]

As the raw material of the noble metal, a water-soluble
salt is used, and any of organic acid salts and inorganic acid
salts can all be used. For example, the raw material can be
appropriately selected fromnitrates, oxalates, ammonium salts,
halides and the like of the noble metals described above.
[0077]

The activating aid is an oxide of at least one selected
from the group consisting of titanium, iron, zirconium, cobalt,
nickel, cerium, lanthanum, manganese, yttrium, indium, zinc and
bismuth, or a composite oxide of at least two selected from the
group described above. The activating aid is preferably an
oxide of at least one selected from the group consisting of

titanium, iron, zirconium, cerium, lanthanum, manganese,
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0.12mmol/g [0172] (Example 1-1) A treatment was carried out for 1000 hours under the
conditions described below, using the apparatus shown in FIG. 1. 1.0 liter of the catalyst (A-1) was
packed in the inside of column reactor 1 (cylindrical shape with a diameter of 26 mm and a length of
3000 mm). The waste water subjected to the treatment was a waste water containing alcohols and the
like that had been discharged from a chemical plant, and the COD (Cr) was 22 g/liter. This waste
water did not contain any catalyst poisoning material. [0173] The waste water was supplied to
waste watel Stpplypamg 5nhrough aasteewarer supply ind® candtwhsded witle & plessursiapplied at
flow rate of 2 liters/h. Subsequently, the waste water was heated to 230C at heater 3, and was

supplied throtgl tHESHSHSHIRF e CIumPredliof L TRTShGh BXTJET-28htainifg Gas supply line 10,
the air pressuizedip,GampresseL9 was supplieds while the flow rate wassegulated with, 1 o
oxygen-containing gas flow rate regulating valve 11 so as to obtain a flow rate of 160 liters (N:
standard statedihp Thentseatment wastcarded aut irx the-eoltiom, reactafh bynhdasdiquichacourrent
upward flow. In the column reactor 1, the temperature of the waste water was maintained at 230C
using electri“héateP2Pand e oxitatiof/detjfadaiot réatn &R \eas-eatriedButt e et liquid
thus obtain%%\évgrs Sen tg as-liquigésggarcatqra}: throy%l trea t?d qugi[g Iig%tlzvgndg %s-gquid
separation was carried out, 1n tre gas-llthd1 separ\étgr ,etﬁe |qﬁfd surface was &ejte t&d with the
liquid surfagescentralier L&, anddbe treated liquid was discharaed threugh liquidssiface.control valve
15 so as to retain a constant liquid surface. Pressure control valve 14 detected the pressure with a
pressure cohntrotler RQn andicentibied the prEissure sowasttorretainctves pressuresdt $SiMPBPaygauge). The
treatment results of the waste water thus obtained are presented in Table 4. [0174] (Examples 1-2 to
1-3 and CofpatativeEXSRplé e Tomhe ivastelwaier redtrhdft Wadeafied Oty thersame
method as that used in Example 1-1, except that the_catalyst was changed to the catalysts A-2 to A-4,
respectivel;t/c. yégre%ﬁ?—fg g%eapf’es%}ﬁ%esd%(inalsab?g ﬁ&?oslﬁr]] (é&gmﬁl% f‘ﬁ% Sdc' A@vgéltej%gter
discharged frem aphotegraphictreatment tagilityavastecatesysingdhe sams apparatyssas that used
in Example 1-1 and using the catalyst B-1. In regard to the nature of the waste water, the COD (Cr)
was 30 g/liter; mndathe wasid watericontaimed 1i500mgllitercof phosphorise AReatiueous solution of
sodium hydroxide was supplied by alkali supply pump 7 through alkali supply line 8, such that the
molar ratio épg&mm/phosphorus was 3. The pH of the waste water obtained after the addition of
sodium hyaroxide wias &5, 106 iealant was ealtiet oyt fiesame maliad.as latised n
Example 1-1, except that the amount of the waste water supplied was set to 1.5 liters/h, and the
amount of aiosipplied wasset to A6Sliders iN)/bahhedesulis are pieserted in d abte hp[01y 6]
(Examples 1-5 to 1-6 and Comparative Examples 1-2 to 1-3)

thereof include inorganic compounds of the metals described
above such as nitrates, sulfates and chlorides; and organic acid
salts of the metals described above such as acetates, oxalates
and citrates. Preferred examples include nitrates, sulfates,
and acetates.

[0079]

There are no particular limitations on the porous
inorganic oxide, and materials that are conventionally used in
catalysts can be used. Specifically, the porous inorganic
oxide is an oxide or a composite oxide of at least one selected
from the group consisting of titanium, iron, silicon, zirconium,

cobalt, nickel, aluminum, cerium, lanthanum, manganese,
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The same waste water treatment was carried out by the same method as that used in Example 1-4,
except that the catalyst was changed to the catalysts B-2 to B-5, respectively. The results are
presented in Table 5. [0177] (Examples 1-7 to 1-9) The same waste water treatment was carried
out by the same method as that used in Example 1-4, except that the catalysts B-1 to B-3 were used
respectively, and an aqueous solution of sodium hydroxide was not added. The pH of the waste water
was 4.6. The results are presented in Table 5. [0178] (Examples 1-10 to 1-11 and Comparative
Example 1-4}tridhe ticutviant ofawaste Watdrsdischarged fropt achiepsicalgsi@etrwas carried out
using the same apparatus as that used in Example 1-1 and using the catalysts 0-1 to 0-3. The waste

P
water contaified S6ditm‘acetife Attt thaTike" ahd the Raflifé OF the' waBte Watst wis fat: the COD (Cr)
was 18 g/liter; andthe waste yater-contained 105 mg/liter;of phosphorys, apd 63 mgliter of silicon.

The waste water contained sodium, and thus the molar ratio of sodium/phosphorus was 3.5. The same
treatment wasrcartded oyt by thel saméeunethodas, that used in, Examplenl-dmexedptrithatthe amount of
the waste water supplied was set to 1.5 liters/h, and the amount of air supplied was set to 100 liters
(N)/h. The reStits!8re presemtediify TabR1610170T(Riamples 1- 1946 A8} f e r Fpkitreathtent of

waste water was carried out using the games apparafus as that used in Efgénpg(;{ %&1e agg using the

catalysts O-Roa%%u(?-zlﬂ‘%re%?enajt%e%% % V]\78.Ste w%r con?é:in?ngcg%ds’nla as amain component was

carried out. g fhe Wwagteswaterthe ammoniacal niireoen goncentralionr was 301 g/iter; ad the total
nitrogen concentration was 3.3 g/liter. The waste water contained 280 mg/liter of phosphorus. The

treatment wasrcarnediout by supplymgcan aquécusisolution of potassiae hydidxideoby thesalkal
supply pump 7 through the alkali su pléline 8 such that the molar ratio of potassium/phosphorus was
3.0. The pH-EhEMASTeKAtER after the adiitioh G pdtdssiti Ry drSGdawas 9% T shife treatment
was carried_out by tgg ﬁa&esme%%od as %hatt%sgd in ExampiI(;)1 1:1 aexc%p'g3 that the arﬁogﬁg of the waste

water suppl?eadnﬁag ﬁters/h, and the afmount O%ogithlFS)phed was 35 iterél( ?/h?q‘ e results are

presented ig dJable, ¢.i[0d88] fTakle 4le distinguished each other since the type
of the precursors, or the stage for the usage of the materials
during the production is different each other.
[0080]

The contents of the activating aid, the noble metal and
the porous inorganic oxide are not particularly limited. When
the sum of the activating aid (in terms of oxide), the noble
metal (in terms of metal) and the porous inorganic oxide is taken
as 100% by mass, the content of activatingaid, in terms of oxide,
is preferably 0.1% to 30% by mass, more preferably 0.2% to 20%
by mass, and particularly preferably 0.5% to 10% by mass. When
the sum of the activating aid (in terms of oxide), the noble
metal (in terms of metal) and the porous inorganic oxide is taken
as 100% by mass, the content of noble metal, in terms of metal,
is preferably 0.05% to 10% by mass, and more preferably 0.1%
to 3% bymass. The sumof the activatingaid (in terms of oxide),

the noble metal (in terms of metal) and the porous inorganic
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COD(Cn)treatment efficiency Trent time Catalyst 100 hours 500 hours 1000 hours Example 1-1 A-1
98% 97% 97% Example 1-2 A-2 88% 86% 86%

oxide is taken as 100% by mass, the content of porous inorganic
oxide is preferably 60% to 99.85% by mass, and more preferably
77% to 99.7% by mass. If the amount of the noble metal is less
than 0.05% by mass, the effect of the noble metal element is
small, and the activity of the catalyst is not enhanced. Even
if the noble metal is used at a proportion of greater than 10%
by mass, an enhancement of the catalytic performance worth the
increase of catalyst cost may not be obtained, and therefore,
it is not economically preferable.

[0081]

As the production method, a porous inorganic oxide is
added to an aqueous solution of the respective precursors of
a noble metal and an activating aid dissolved therein, and water
is evaporated therefrom by heating. Thereby, the porous
inorganic oxide can be impregnated with the noble metal and the
activating aid. A porous inorganic oxide is added, and an
alkaline compound is added, to an aqueous solution of the
respective precursors of a noble metal and an activating aid
dissolved therein, and thus precipitates obtained therefrom can
be supported on the porous inorganic oxide.

[0082]

A method of simultaneously impregnating the porous
inorganic oxide with a noble metal component and an activating
aid, or a method of sequentially impregnating the porous
inorganic oxide with a noble metal component and an activated
component can be appropriately selected. The catalyst after

impregnation is dried, calcined and/or reduced, and thereby a
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Example 1-3 A-3 99% 99% 99% Comparative Example 1-1 A-4 76% 75% 75% [0181] [Table 5]
COD(Cr)treatment efficiency

catalyst in which a porous inorganic oxide is coated with the
noble metal and the activating aid can be obtained. A preferred
method is a method of evaporating an aqueous solution containing
a noble metal component and an activating aid, or adding an
alkaline substance and co-precipitating the components.
Meanwhile, the calcination temperature for the catalyst is
preferably 300°C to 800°C, and more preferably 350°C to 600°C.
It is also preferable to perform a reduction treatment in an
atmosphere of hydrogen or nitrogen.

[0083]

For this catalyst preparation process, a process of heat
treating the catalyst obtained after the impregnation and
support of an activating aid, in an oxidizing atmosphere at a
temperature of 300°C or higher, and more preferably 400°C to
600°C, for 1 to 5 hours, and more preferably for 2 to 4 hours,
can be employed at least once. Through this operation, high
purifying performance can be maintained. Here, the oxidizing
atmosphere may be obtained by using air, a gas mixture of oxygen
and an inert gas, or the like.

[0084]

The shape of the catalyst is not particularly limited,
and for example, any one of a particle shape, spherical shape,
pellet shape, fractured shape, saddle shape, honeycomb shape,
and ring shape may be used. 1In the case of pellet shape, a
catalyst having any arbitrary shape whose cross—-section is
circular, elliptic, polygonal, trefoil, quatrefoil or the like,

can be used.
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Tr-lent time Catalyst 100hours 500hours 1000 hours Example 1-4 B-1 96% 92% 93% Example 1-5 B-2
87% 88% 84% Example 1-6 B-3

[0085]

Next, a method of treating waste water by using the
catalyst of the present invention, the above-mentioned catalyst
of (I) or the above-mentioned catalyst of (II) will be explained.
Meanwhile, in the method of the present invention, the catalyst
of the present invention, the catalyst of (I) and the catalyst
of (II) are used such that each of the catalysts may be used
singly or in the form of a mixture of two or more, or at least
one of the respective catalysts may be used in combination.
[0086]

Hereinafter, the method for treating waste water by a wet
oxidation treatment using the catalyst related to the present
invention will be described in detail.

[0087]

The waste water may further include a catalyst poisoning
material and/or an alkali metal. When the waste water contains
a catalyst poisoning material, an alkali metal of sodium and/or
potassium may be added to the original water before treatment
in the wet oxidation treatment of the present invention. An
adjustment of the pH of the original water before treatment is
also appropriately carried out.

[0088]

The catalyst poisoning material related to the present
invention is not particularly limited as long as it causes
catalyst poisoning during the wet oxidation treatment, and
examples thereof include heavy metals, calcium, magnesium,

aluminum, phosphorus and silicon. Meanwhile, the catalyst
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93% 93% 92% Comparative Example 1-2 B-4 69% 69% 69% Comparative Example 1-3 B-5 79% 77%
77% Example 1-7 B-1

poisoning material is not limited to the form of simple metal,
and may exist in any form containing the metal.
[0089]

Particularly, when waste water includes a catalyst
poisoning material containing phosphorus, it is preferable to
add a cation in advance to the waste water, and it is preferable
to add an alkali metal ion, particularly an alkali metal ion
of sodium and/or potassium, in this invention. The amount of
addition of the alkali metal ion is preferably adjusted such
that the content ratio as a molar ratio of the alkali metal,
particularly sodium and/or potassium, with respect to
phosphorus (= molar ratio of alkali metal/phosphorus) is 3 or
greater. If the content ratio is less than 3, the effect of
adding an alkali metal ion is small, and the treatment
performance may decrease as phosphorus covers the active sites.
Meanwhile, the upper limit of the molar ratio of alkali
metal/phosphorus is not particularly limited, but the molar
ratio is preferably adjusted to 5 or less, and more preferably
4 or less.

[0090]

The pH of the waste water is preferably adjusted to 6 or
higher, more preferably 7 or higher, and particularly
preferably 8 or higher. Meanwhile, the upper limit of the pH
of the waste water is not particularly limited, but when the
ease of handling or the corrosion of the facilities is taken
into consideration, it is preferable to adjust the pH to 14 or

lower. Any agent that is dissolved and turns basic may be used
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94% 85% 49% Example 1-8 B-2 82% 71% 40% Example 1-9 B-3 90% 84% 57% [0182] [Table 6]

as the pH adjusting agent, but preferred examples include sodium
hydroxide, potassium hydroxide, sodium carbonate, potassium
carbonate, sodium acetate, and potassium acetate. By
adjusting the pH of the original waste water in advance to pH
6 or higher, not only catalyst poisoning by phosphorus can be
suppressed, but also the waste water can be prevented from
turning acidic during the treatment and impairing the
durability of the reaction pipe. Meanwhile, the upper limit
of the pH of the waste water is not particularly limited, but
it is preferable to adjust the pH of the waste water to 13.5
or lower, and more preferably 13 or lower.

[0091]

The type of the waste water treated by the wet oxidation
treatment of the present invention is not particularly limited,
as long as the waste water contains any one or more of organic
compounds, nitrogen compounds and sulfur compounds. Examples
of such waste water include the waste water discharged from
various industrial plants such as chemical plants, electronic
component production facilities, food processing facilities,
metal processing facilities, metal plating facilities,
printing or plate making facilities, and photographic
facilities; and the waste water discharged from
power—-generating facilities such as thermal power generation
and atomic power generation. Specificexamples include a waste
water containing an aromatic compound such as phenol that is
discharged from a chemical plant; a waste water discharged from

EOG production facilities or textile production facilities,
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COD(Cn)treatment efficiency Trent time Catalyst 100hours 500hours 1000hours Example 1-10 C-1
94% 94% 94% Example 1-11 C-2 91% 91%

containing ethylene glycol, dioxane, propylene glycol and the
like; a waste water discharged from alcohol production
facilities, containing methanol, ethanol, higher alcohols and
the like; and particularly a waste water containing organic
compounds that are discharged from the production processes for
aliphatic carboxylic acids or esters thereof such as acrylic
acid, acrylic acid esters, methacrylic acid, methacrylic acid
esters, or aromatic carboxylic acids or aromatic carboxylic
acid esters such as terephthalic acid and terephthalic acid
esters. Waste water containing nitrogen compounds such as
amines, imines, ammonia, and hydrazine is also acceptable.
Waste water containing sulfur compounds that are discharged
from the plants of a wide variety of industrial fields such as
paper/pulp, textile, iron and steel, ethylene, BTX, coal
gasification, meat processing, and pharmaceuticals, is also
acceptable. Examples of the sulfur compounds as used herein
include inorganic sulfur compounds such as hydrogen sulfide,
sodium sulfide, potassium sulfide, sodium hydrosulfide,
thiosulfuric acid salts, and sulfurous acid salts; and organic
sulfur compounds such as mercaptans and sulfonic acids. Other
examples also include domestic waste water such as sewage and
excrements. Waste water containing hazardous substances,
including organic halogen compounds and environmental hormone
compounds such as dioxins, chlorofluorocarbons, diethylhexyl
phthalate, and nonylphenol, is also acceptable.

[0092]

The term "waste water" according to the present invention
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90% Comparative Example 1-4 C-3 80% 77% 76% [0183] [Table 7] Total nitrogen treatment

is not limited to the so-called industrial waste water that is
discharged from industrial plants as described above, but
rather encompasses any liquid containing any one or more of
organic compounds, nitrogen compounds and sulfur compounds.
The source of such a liquid is not particularly limited.
[0093]

The catalyst related to the present invention is used in
a wet oxidation treatment, but it is particularly recommended
that the catalyst be used when a wet oxidation treatment is
carried out by heating the waste water, and at a pressure at
which the waste water retains the ligquid state.

[0094]

The method of treating waste water by using the treatment
apparatus of FIG. 1 will be described below. FIG. 1 is a
schematic diagram showing an embodiment of the treatment
apparatus in which a wet oxidation treatment is employed as one
of the oxidation treatment processes. However, the apparatus
used in the present invention is not intended to be limited to
this.

[0095]

The waste water supplied from a waste water source is
supplied to a waste water supply pump 5 through a waste water
supply line 6, and is further sent to a heater 3. The spatial
velocity used there is not particularly limited, and may be
conveniently determined depending on the throughput of the
catalyst.

[0096]
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efficiency tmenttime 100 500 1000 Catalyst

When the catalyst related to the present invention is used,
the wet oxidation treatment can be carried out under supply of
an oxidizing agent.

[0097]

In the case of supplying an oxygen—-containing gas as the
oxidizing agent for example, the oxygen-containing gas is
preferably introduced through an oxygen gas supply line 10,
compressed by a compressor 9, and then incorporated into the
waste water before the waste water is supplied to the heater
3.

[0098]

The oxidizing agent related to the present invention may
be any agent capable of oxidizing the substances to be oxidized
in the waste water, and examples thereof include gas containing
oxygen and/or ozone, and hydrogen peroxide. Generally, in the
case of using gas, the gas is preferably air. 1In addition to
that, an oxygen-containing exhaust gas generated from other
plants can also be conveniently used. The substances to be
oxidized are organic compounds, nitrogen compounds and sulfur
compounds.

[0099]

In the case of supplying an oxidizing agent to the waste
water, the amount of supply is not particularly limited, and
any amount effective to increase the ability of
oxidation/degradation treatment of the substances to be
oxidized in the waste water may be supplied. When the oxidizing

agent is gas, the amount of supply thereof to the waste water
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hours hours hours Example 1-12 0-1 97% 98% 98% Example 1-13 0-2 96%

can be appropriately regulated by providing, for example, an
oxygen—-containing gas flow rate regulating valve 11 on the
oxygen—-containing gas supply line 10. As preferred amount of
supply of the oxidizing agent, it is recommended to adjust the
amount of supply to 0.5 times or more, and more preferably 0.7
times or more, the molar amount of the theoretical oxygen demand
of the substances to be treated in the waste water, and
preferably to 5.0 times or less, and more preferably 3.0 times
or less, the molar amount of the theoretical oxygen demand. If
the amount of supply of the oxidizing agent is less than 0.5
times the molar amount, the substances to be oxidized are not
sufficiently oxidized or degraded, and a relatively large
amount thereof may remain in the liquid obtained after the wet
oxidation treatment. Also, if oxygen is supplied in an amount
larger than 5.0 times the molar amount, the
oxidation/degradation throughput may be saturated.

[0100]

The term "theoretical oxygen demand”" in the present
invention is an amount of oxygen required to oxidize and/or
degrade the substances to be oxidized, such as organic compounds
or nitrogen compounds in the waste water, to nitrogen, carbon
dioxide, water, and ashes.

[0101]

The waste water sent to the heater 3 is preliminarily
heated, and then is supplied to a column reactor 1. If the
temperature of the waste water is excessively increased, the

waste water changes into gas state in the column reactor,
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94% 94% [0184] (Example 2-1) The treatment apparatus shown in FIG. 2 was used, 1.2 liters of
the catalysts described below were packed in the column reactor 25, and the treatment was carried
out continuously for 1000 hours under the treatment conditions described below. The experiment
method and the results will be described in detail below. Here, two kinds of catalysts were used, and
the catalyst on the upstream side in the flow direction of the waste water was provided as a
pre-catalyst, and the catalyst on the downstream side was provided as a post-catalyst. [0185] As
the pre-catalystan literefte catalystieantainirmg-titaiatdie iron akidetas widia compamehtsh{tass ratio
of titania:iron oxide = 25:75) was used. As the method for preparing the catalyst, co-precipitation

method wag G5&d. [bY88]" )thﬁs?ﬁ% POEEEataRSt, T2 fiferS b hcataly3EESHSinig titanizas amain
component of the, hase materal gpd containing.0.6%6. hy;mass of ruthenium was ysed. [0187] The

COD (Cr) concentration of the waste water subjected to the treatment was 24 g/liter, the
monoethanolamine was 3€.6 g/lites, and the: tetah nitrogen cenceniration wastd glitere {0388) The
waste water was fed with a pressure applied, by waste water supply pump 22 through a waste water

supply line 2&&® &fIdw PatelGFUEL Rtep/R.SOnSHE bthér RafdIthroGHR DXRIZ NG ageht SHpPIYTine 23, air

that had begggressutrized in the comp essof%g%getf%%p%%%%ﬁ flow rat OL :hl)O Iiter%l{\el)/hr. This

gas-liquid mixturé was heated with Heat exc en the ags-Jﬁqwdn Mixture was introduced

into columnyueagtor 26 that waspacked yith theccatalysts; apdrwas, subigstad.to the wef exidation
treatment at a treatment temperature of 240C. The liquid to be treated was cooled by the heat
exchanger 24 and codtgr<26, andithél Wasindrotdoved irito gasdiguid sepanator 2Zeln the gas-liquid
separator 27, the liquid surface was detected by a liquid surface controller (LC) , and liquid surface

control valveFH\F48 bperafd t6 fetain bRt intitiid Surf & Atthe same el thé fressure was

detected by a pressure controller (PC), and pressure control valve 29 was operated so. as. to retain a
pressure of%r.o% hﬁ%’%e(aél?goefifg; 9?29% ’Fﬁ% %:OUEE ?ér% éloen%%%frgﬁgnl& %hregt@?éa%é)dﬁ%tu?dl which was

obtained after S01haurs avas2Q mglliter ;e dyihe tetal pitogen goncentrationnvas 3G mg/liter.
Thereatfter, the treatment was continued from the start to 1000 hours past, but decrease in the
treatment péformance was rfot¢éddgnizedmay be required, and the running cost

may increase. The temperature of the waste water inside the
column reactor is preferably 280°C or lower, more preferably
270°C or lower, even more preferably 250°C or lower, still more
preferably 240°C or lower, even more preferably 230°C or lower,
and even more preferably 170°C or lower. On the other hand,
if the temperature of the waste water is lower than 80°C, it
may be difficult to efficiently carry out the
oxidation/degradation treatment of the substances to be
oxidized in the waste water. Therefore, the temperature of the
waste water inside the column reactor 1is a temperature of
preferably 80°C or higher, more preferably 100°C or higher, even
more preferably 110°C or higher, still more preferably higher
than 120°C, even more preferably higher than 130°C, and
particularly preferably higher than 140°C.

[0102]
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particularly. The COD (Cr) concentration of the liquid treated and obtained after lapse of 1000 hours
was 64 mg/liter, and the total nitrogen concentration was 114 mg/liter. [0190] (Example 2-2) As
the pre-catalyst, 1 liter of a catalyst containing cerium, zirconia and iron oxide as main components
(mass ratio of cerium:zirconia:iron oxide = 8:20:72) was used. The catalyst was prepared by
co-precipitation method. As the post-catalyst, 0.2 liters of a catalyst containing titania as a main
component of the base material and containing 0.2% by mass of platinum was used. [0191] The
waste water subjecigertoatrrgeamient hadaleoOD (Chteoncentr atiort bE24igliteg, sadheat
N-methylpyrrolidone was 13.8 g/liter, while the total nitrogen concentration was 2 g/liter. [0192]

The treatméntoftRE Wadté Water #/a2 Giiried Bt LMY R %8Ame Apparatis'ds that UEaH §iY Example

2-1. The wagte yater was.fed witha pressure applied atA {low rate of 8,8 litershy, andgiyas
supplied at a flow rate of 90 liters (N)/hr. [0193] The COD (Cr) concentration of the treated liquid

obtained aftet 58dhwaLrs avasO5 awyliteh @ndzthe dotah nikrogentconcentation wasWdOmg/liter.
Thereafter, the treatment was continued from the start to 1000 hours past, but decrease in the
treatment péHBRhafce Was A6t Fecoyhizéd pafictlarly: L The COPL(E ) corceritratioh f the treated

liquid after a lapse of .1000 hours was 111 mg/liter, and the total nitrogen concentration was 115
mg/liter. [Ol%hf@%gcrﬁﬁl%sz-%? équg?r%Brae-%étaﬁét,tf[rﬁ?ergo a ta a)/estvf:%tr\?éﬁlhinagnge%ﬁrﬁ, zirconia,

titania and ifQn; eXidg(massrafio errivazircaniaditaniaizen oxide 3 2:12a:40:30nMas used. The
catalyst was prepared by co-precipitation method. As the post-catalyst, 0.1 liters of a catalyst
containing titaniea ascee mamtcomppre hieoftthe pase/madetianandieontainingl 0i28ormentass of palladium
was used. Other treatment conditions were the same as those used in Example 2-1, and the treatment
of pyridine Wal%akiEPVLETOEIS 25 ThESFEstEWatet SObfREted i theSteathémtchat: 4 '€OD (Cr)
concentration 9{3%4 g/liter, and pyridine was 11.9 g/liter, while the total nitrogen concentration was 2.1
glliter. [019%7 The treatment of the waste water was carried out with the same apparatus as that
used in Example2r1. The waste water was fed with a pressure applied at a flow rate of 0.6 liters/hr,

and air was supplied at a flow rate of 70 liters (N)/hr.
It is also preferable to provide a pressure control valve

on the exhaust gas outlet side of the wet oxidation treatment
apparatus, to thereby appropriately adjust the pressure

depending on the treatment temperature, so that the waste water
can retain the liquid phase inside the column reactor. For
example, when the treatment temperature is equal to or higher
than 80°C and lower than 95°C, the waste water is in the liquid
state even under the atmospheric pressure. From the viewpoint
of economic efficiency, the treatment may be carried out under
the atmospheric pressure, but it is preferable to apply pressure
in order to enhance the treatment efficiency. When the

treatment temperature is 95°C or higher, the waste water is often
vaporized under the atmospheric pressure. Therefore, it is
desirable to control the pressure so that the waste water can
retain the liquid phase, by applying a pressure of about 0.2

MPa to 1 MPa (gauge) when the treatment temperature is equal
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[0197] The COD (Cr) concentration of the liquid treated and obtained after 50 hours was 135
mg/liter, and the total nitrogen concentration was 151 mg/liter. . Thereafter, the treatment was
continued from the start to 1000 hours past, but a particular decrease in the treatment performance
was not recognized. The COD (Cr) concentration of the treated liquid which was obtained after a lapse
of 1000 hours was 130 mg/liter, and the total nitrogen concentration was 143 mg/liter. [0198]
(Examples 2 to 4) As the pre-catalyst, 1 liter of a catalyst containing cerium, zirconia, iron oxide
and yttria (rhassrafio OfeeriuhazirddRfadrofokiveeyitiaz 25: 7060:53 was ased.cThé cutalyst was

prepared by co-precipitation method. As the post-catalyst, 0.2 liters of the same catalyst as that used
i Example.2-Tiiab tsed TOLIST <A AT chRpOHENE bFTHR a AP ASE Wiater SULTESd o the

treatment isct(gieglaqpi%{;{;gke, 2ngdihe OB () concentrationwas g2-g/literwhile, ihetotal nitrogen

concentration was 2 g/liter. [0200] The treatment of the waste water was carried out with the same
apparatus astthat ased in Example 2Pk Thawaste watet was-fed-with acgpressurecappliedrat a flow rate
of 1 liter/hr, and air was supplied at a flow rate of 140 liters (N)/hr. [0201] The COD (Cr)
concentratidr? of fHeligui® treatdd ahE Bbtaliifet &Y 50 hours was 73 mgl/liter, and the total nitrogen
concentratiokrg) yas 86 mg/liter. Thereafter, the treatment was continued from the start to 1000 hours

past, but de rease] in the treatment performance was not recognized particularly. The COD (Cr)

concentration of thq;qegt@gaﬂp&lidcgft%r@l%g of . 1090ours was-81 mefliter; and;the gtal nitrogen
concentration was 91 mg/liter. [0202] (Examples 2-5 to 2-19) In order to carry out the present

invention, adargesamount ehtimerand laege-sized facilitiestareueguirdédmTherefones asra means for
conveniently exhibiting the effect of the present invention, a pre-catalyst was prepared, and a
treatment teH TSRy %}SPfﬁe BF@-EE@IS@% takfed bty the TolRWRrProtedtié. pre:estalysts
containing vcaor'pllﬁnngré-glo le @ect%\gig %q:rgponents %ccordip(? to the present inven}t{icl)gélséelrgﬁprepared

.CO I . € -
by co-precipitation method. The composmo%g%‘ﬁg %relsoer}]?e in Table 8. When the pre-catalyst is used

in combinatignewith @rpostcatalystidikingdhe yuaste waier tseatment the efiect ef theipresent invention
can be obtained.
columns. For example, a single column system reactor, or a
multi-column system reactor can be used. When plural column
reactors are installed, the reactors can be arbitrarily
arranged, such as in series or in parallel, according to the
purpose.
[0105]

As the method for supplying waste water into a column
reactor, various forms such as gas—-liquid cocurrent upward flow,
gas—-liquid cocurrent downward flow, gas—liquid countercurrent
flow can be used. When plural column reactors are provided, two
or more of these supply methods may be combined.

[0106]

When the solid catalyst described above is used in the

wet oxidation treatment inside the column reactor, the

oxidation/degradation treatment efficiency for the substances

to be oxidized, such as any one or more of organic compounds,
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[0203] [Table 8] Fe203 TiO2 Ce02 Zr02 La203 Y203 MnO2 ZnO 1n203 Co304 Nb205 Bi203 Ni0O

nitrogen compounds and sulfur compounds contained in the waste
water, 1is improved.
[0107]

The amount of packing of the catalyst to be packed in the
column reactor is not particular limited, and can be
appropriately determined according to the purpose. Usually,
it is recommended to adjust the amount of packing of the catalyst
such that the spatial velocity per catalyst layer is 0.1 hr'
to 10 hr™!, more preferably 0.2 hr* to 5 hr*, and even more
preferably 0.3 hr'* to 3 hr''. If the spatial velocity is less
than 0.1 hr*, the throughput of the catalyst is decreased, and
excessive facilities may be required. On the contrary, if the
spatial velocity exceeds 10 hr™', the oxidation/degradation
treatment of the waste water in the column reactor may be
insufficiently achieved.

[0108]

In the case of using plural column reactors, different
catalysts may be used in the respective reactors, or a column
reactor that is packed with a catalyst and a column reactor that
does not use a catalyst may be combined. Thus, the method of
using the catalyst related to the present invention is not
particular limited.

[0109]

There are no particular limitations on the shape of the
catalyst to be packed, and the shape may be any of, for example,
particle shape, spherical shape, pellet shape, granular shape,

saddle shape, honeycomb shape and ring shape. In the case of
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pellet shape, a catalyst having any arbitrary morphology whose
cross—section is circular, elliptic, polygonal, trefoil,
quatrefoil or the like, can be used.

[0110]

For the purposes of stirring the gas and 1iquid, enhancing
the contact efficiency, and reducing drift in the gas and liquid,
various fillers and inbuilt objects may be incorporated inside
the column reactor.

[0111]

The substances to be oxidized in the waste water are
subjected to a oxidation/degradation treatment inside the
column reactor, and according to the present invention, the term
"oxidation/degradation treatment" means various oxidation
and/or degradation including, for example: an oxidative
degradation treatment of converting acetic acid to carbon
dioxide and water; a decarboxylation degradation treatment of
converting acetic acid to carbon dioxide and methane; an
oxidation treatment of converting a sulfide, a hydrosulfide,
a sulfite or a thiosulfate into a sulfate; an oxidation and
oxidative degradation treatment of converting dimethyl
sulfoxide into carbon dioxide, water, and ashes such as sulfate
ion; a hydrolysis treatment of converting urea into ammonia and
carbon dioxide; an oxidative degradation of converting ammonia
or hydrazine into nitrogen gas and water; and an oxidation
treatment of converting dimethyl sulfoxide into
dimethylsulfone or methanesulfonic acid. That is, the

treatment widely includes: a treatment of degrading substances
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xample 2-7 86 9

to be oxidized that are easily degradable, down to nitrogen gas,
carbon dioxide, water, ashes and the like; and a degradation
treatment of converting an organic compound or nitrogen
compound that is not easily degradable, into low molecular
weight compounds; or an oxidation treatment of oxidizing the
organic compound or nitrogen compound that is not easily
degradable.

[0112]

In many cases, poorly degradable organic compounds in the
substances to be oxidized are converted to low molecular weight
compounds, and, the low molecular weight compounds remain in
the liquid treated through a wet oxidation treatment. In many
cases, as the low molecular weight compounds, they include low
molecular weight organic acids, particularly acetic acid.
[0113]

FIG. 1 specifically shows a treatment example, in which
the waste water is subjected to an oxidation/degradation
treatment in the column reactor, the treated liquid is taken
out from a treated liquid line 12 and is appropriately cooled
by cooler 4 as necessary, and then the treated liquid is
separated into gas and liquid by gas—-liquid separator 13. Here,
it is preferable to detect the liquid surface state by using
liquid surface controller LC, and to control the liquid surface
inside the gas-liquid separator to be constant, by means of
liquid surface control valve 15. It is preferable to detect
the pressure state using pressure controller PC, and to control

the pressure inside the gas-liquid separator to be constant,
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by means of pressure control valve 14.
[0114]

Alternatively, after the waste water is subjected to an
oxidation/degradation treatment, the treated liquid is not
cooled, but the treated liquid may be cooled to a certain degree
in a cooler, and subsequently discharged through a pressure
control valve, and then the treated liquid may be separated into
gas and liquid by a gas-liguid separator.

[0115]

The temperature inside the gas-liquid separator is not
particularly limited. However, since the liquid obtained by
treating waste water by an oxidation/degradation treatment in
the column reactor contains carbon dioxide, it is preferable
to discharge the carbon dioxide from the liquid by, for example,
increasing the temperature inside the gas-liquid separator, or
to discharge the carbon dioxide from the liquid by subjecting
the ligquid obtained after separation in the gas-liquid
separator, to a bubbling treatment with a gas such as air.
[0116]

In the temperature control of the treated liquid, the
treated liquid may be cooled by a cooling unit such as a heat
exchanger (not shown in the diagram) or the cooler 4 before being
supplied to the gas—-1liquid separator 13, or the treated liquid
may be cooled by providing a cooling unit such as a heat exchanger
(not shown in the diagram) or a cooler (not shown in the diagram)
after the gas-ligquid separation.

[0117]
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The liquid obtained after the separation in the
gas—-liquid separator 13 (treated liquid) is discharged through
a treated liquid discharge line 17. The discharged liquid may
also be purified by further subjecting the discharged liquid
to various known processes such as a biological treatment and
a membrane separation treatment. A portion of the liquid
obtained after the wet oxidation treatment may also be subjected
to the wet oxidation treatment by returning the portiondirectly
to the waste water before being subjected to the wet oxidation
treatment, or by supplying the portion to waste water at any
position along the waste water supply line. For example, the
TOD concentration or the COD concentration of the waste water
may be decreased by using the liquid obtained after the wet
oxidation treatment, as a diluent water for the waste water.
[0118]

The gas obtained after the separation at the gas-liquid
separator 13 is discharged out of the system through gas
discharge line 16. Here, the discharged exhaust gas may be
further subjected to other processes.

[0119]

When the wet oxidation treatment used in the present
invention is carried out, a heat exchanger can be used in place
of the heater and the cooler, and these can also be used in an
appropriate combination.

[0120]
When the waste water contains a catalyst poisoning

material, or a pH adjustment is needed, an aqueous solution can
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be supplied through alkali supply line 8 using alkali supply
pump 7.
[0121]

As explained above, when the method described above is
used, the substances contained in waste water, such as organic
compounds, nitrogen compounds and sulfur compounds, can be
treated. Among these substances, particularly in the case of
treating nitrogen compounds (nitrogen-containing compounds),
it is preferable to use a catalyst which converts a
nitrogen—-containing compound into ammoniacal nitrogen
(pre—-catalyst) on the upstream side in the flow direction of
the waste water, and to use a downstream side catalyst which
treats ammoniacal nitrogen-containing waste water
(post—catalyst) on the downstream side, in the method described
above.

[0122]

That is, the present invention also provides a method for
treating a waste water containing a nitrogen-containing
compound in the presence of an oxidizing agent, at a temperature
of equal to or higher than 100°C and lower than 370°C, under
the pressure conditions so as to keep the waste water in liquid
phase, characterized in that a catalyst which converts a
nitrogen—-containing compound into ammoniacal nitrogen
(pre—-catalyst) i1s used on the upstream side in the flow
direction of waste water, and a downstream catalyst which treats
an ammoniacal nitrogen—-containing waste water (post-catalyst)

is used on the downstream side.
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[0123]

Here, the waste water to be treated may be any waste water
as long as it contains a nitrogen-containing compound, and
examples thereof include waste water containing various
nitrogen-containing compounds, including waste water
discharged from various industrial plants such as chemical
plants, electronic component production facilities, food
processing facilities, printing or plate making facilities,
power—generating facilities, photographic facilities, metal
processing facilities, metal plating facilities, metal
refining facilities, and paper pulp production facilities;
domestic waste water such as excrements and sewage; waste water
discharged from various hazardous substances treating
facilities such as wet scrubbing waste water; and landfill
leachate. An extract liquid obtained by extracting hazardous
substances in the soil into ligquid in order to treat a soil
containing hazardous substances, can also be dealt with as the
waste water to be treated by the present invention.

[0124]

The nitrogen-containing compound related to the present
invention is not particularly limited as long as the compound
contains a nitrogen atom, and examples thereof include
inorganic nitrogen compounds, amine compounds, amide compounds,
amino acid compounds, nitrogen-containing 5-membered ring
compounds, nitrates, nitrites, nitro compounds, nitroso
compounds, nitrosyl compounds, and polymers containing

nitrogen. Preferred examples of the nitrogen-containing
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compound related to the present invention include amine
compounds, amide compounds, amino acid compounds,
nitrogen-containing 5-membered ring compounds, nitrates,
nitrites, nitro compounds, nitroso compounds, nitrosyl
compounds, and polymers containing nitrogen.

[0125]

Among these, examples of the inorganic nitrogen compounds
related to the present invention include ammonia, ammonium
salts, hydrazine, and hydrazinium salts.

[0126]

The amine compounds related to the present invention are
compounds having amino groups in the molecule, and examples
thereof include methylamine, ethylenediamine, triethanolamine,
monoethanolamine, methyldiethanolamine, aniline, and
pyridine.

[0127]

The amide compounds related to the present invention are
compounds having amide groups in the molecule, and examples
thereof include formamide, dimethylformamide and urea.
[0128]

Examples of the amino acid compounds related to the
present invention include glycine, aspartic acid,
phenylalanine, and tryptophan.

[0129]

Examples of the nitrogen-containing 5-membered ring

compounds related to the present invention include

N-methylpyrrolidone, pyrrole, imidazole, pyrazole, thiazole,
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oxazole, furazan, and derivatives thereof. Among these,
particularly imidazolidinone-based nitrogen-containing
compounds such as DMI (1,3-dimethyl-2-imidazolidinone) are
widely used as aprotic polar solvents, and the present invention
is also suitable for such treatment of nitrogen compounds.
[0130]

The nitrogen-containing compound may be insoluble or
poorly soluble in water, but a nitrogen-containing compound
which is soluble in water is preferred. 1In the case of treating
a nitrogen-containing compound which is insoluble or poorly
soluble in water, it is preferable that the nitrogen-containing
compound be in a state of suspension in water, from the viewpoint
of handling during the treatment. The nitrogen-containing
compound in the waste water may exist as a single compound, or
may exist as mixtures of plural compounds.

[0131]

The total nitrogen concentration in the waste water to
be treated in the present invention is not particularly limited,
but a concentration of equal to or greater than 10 mg/liter and
equal to or less than 6000 mg/liter is effective, and the
concentration is preferably equal to or greater than 50 mg/liter
and equal to or less than 5000 mg/liter. If the total nitrogen
concentration is less than 10 mg/liter, the advantage in terms
of cost of the catalytic wet oxidation treatment may not be
sufficiently obtained. On the other hand, if the concentration
exceeds 6000 mg/liter, since the total nitrogen concentration

is too high, sufficient treatment performance may not be
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obtained.
[0132]

The waste water may also contain components other than
the nitrogen-containing compound, for example, components such
as COD components. The content of the other components is not
particularly limited as long as the content is in a range that
does not impede the wet oxidation reaction related to the
present invention.

[0133]

According to the method of the present invention,
nitrogen—-containing compounds are converted to ammoniacal
nitrogen by the catalyst disposed on the upstream
(pre—-catalyst) in the flow direction of the waste water, and
further the waste water containing the ammoniacal nitrogen is
treated by the catalyst disposed on the downstream
(post—-catalyst). The ammoniacal nitrogen is a compound
containing ammoniacal nitrogen, and examples thereof include
ammonia, ammonium salts, hydrazine, and hydrazinium salts,
while a preferred example is ammonia. The ammoniacal nitrogen
is a product converted from the nitrogen-containing compound
by the pre-catalyst, and the ammoniacal nitrogen is treated to
be converted into nitrogen and water by the post-catalyst. The
ammoniacal nitrogen concentration in the ammoniacal
nitrogen-containing waste water that is post-treated varies
depending on the conversion ratio of the nitrogen-containing
compound by the pre-catalyst, but the concentration is

preferably 10 mg/liter to 6000 mg/liter, more preferably 30
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mg/liter to 5000 mg/liter, and particularly preferably 50
mg/liter to 4000 mg/liter.
[0134]

The oxidizing agent related to the present invention may
be any oxidizing agent capable of oxidizing the substances to
be oxidized in the waste water, and examples thereof include
a gas containing oxygen and/or ozone, and hydrogen peroxide.
When a gas is used, generally air is used; however, in addition
to that, an oxygen-containing exhaust gas generated from other
plants can also be conveniently used. Among these, since
hydrogen peroxide has strong oxidizability, and can be supplied
in the form of liquid as aqueous hydrogen peroxide, hydrogen
peroxide is suitable for the present invention in which an
oxidation reaction is carried out in ligquid phase. The
substances to be oxidized are nitrogen-containing compounds,
ammoniacal nitrogen, and COD components.

[0135]

According to the present invention, when a necessary
amount of the oxidizing agent is contained in the waste water,
it is not necessary to supply the oxidizing agent to the waste
water; however, if a necessary amount is not contained, the
oxidizing agent is supplied to the waste water. The way to
supply is not particularly limited, and for example, all the
oxidizing agent may be supplied from the front of the catalyst
layer, or the agent may also be supplied in divided portions.
When the oxidizing agent is supplied in divided portions, for

example, the oxidizing agent may be supplied from several sites
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along the flow direction in the catalyst layer inside the column
reactor. However, it is preferable to provide plural stages
of catalyst layers to contact the waste water and the oxidizing
agent with a solid catalyst, and to add the oxidizing agent to
each of the plural stages. The number of layer inside the column
reactor is not limited, then and plural stages of catalyst
layers may be provided in one column reactor, or plural column
reactors may be provided, with a catalyst layer being provided
in each of the column reactors. It is preferable to use the
catalyst layers by packing each of the catalyst layers with one
catalyst.

[0136]

The oxidizing agent related to the present invention may
be any agent that is capable of oxidizing the substances to be
oxidized in the waste water, and examples thereof include a gas
containing oxygen and/or ozone, and hydrogen peroxide. In the
case of using a gas, generally, the gas is preferably air. 1In
addition to that, an oxygen-containing exhaust gas generated
fromother plants can also be conveniently used. The substances
to be oxidized are organic compounds, nitrogen compounds and
sulfur compounds.

[0137]

The amount of the oxidizing agent included in the waste
water is appropriately selected with respect to the amount of
the substances to be oxidized in the waste water, but preferably,
the amount is 0.4 times to 10.0 times, preferably 0.5 times to

5.0 times, or 0.7 times to 5.0 times, and more preferably 1.0
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times to 4.0 times, the molar amount of the theoretical oxygen
demand of the substances to be oxidized. It is because, if the
amount of the oxidizing agent is less than 0.4 times by mole,
the hazardous materials in the waste water may not be
sufficiently degraded, and if the amount exceeds 10.0 times by
mole, the amount will cause only an increase in the size of the
facilities. The term "theoretical oxygen demand" is an amount
of oxygen required to oxidize and/or degrade the substances to
be oxidized, such as the nitrogen-containing compounds in the
waste water, into nitrogen, carbon dioxide, water, and ashes
such as sulfates. When substances to be oxidized other than
the nitrogen-containing compounds are included in the waste
water, the theoretical oxygen demand is determined by including
these substances in the calculation.

[0138]

The present invention is to use at least two kinds of solid
catalysts having different compositions, namely, a
pre—-catalyst and a post—catalyst, in combination so as topurify
nitrogen—-containing compounds in waste water with higher
purification performance than in the case of treating the waste
water with each of the catalysts singly, and to thereby make
the waste water innocuous. Specifically, the invention is to
use a catalyst having high durability on the upstream side in
the flow direction of the waste water, and to use a catalyst
having high activity on the downstream side. In regard to the
use, while one kind for each of the pre-catalyst and the

post—-catalyst is used, plural kinds of the pre-catalyst and the
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[0204] As for the pre-catalysts, a treatment test for a monoethanolamine-containing waste water,
was performed by using an autoclave having a capacity of 1 liter. The treated solution had a COD (Cr)
concentration of 12 g/liter, and contained 8.8 g/liter of monoethanolamine. The total nitrogen
concentration was 2 g/liter. The catalyst was used in an amount of 20g. The wet oxidation treatment
was carried out using 0.25 liters of the waste water, at a treatment temperature of 250C for 3 hours, by
introducing air so as to obtain a reaction pressure of 7.4 MPa (gauge). The results were obtained as
described iPFHE ~30205B(Comparative Exampie 2-1) A column reactor was packed only with
1.2 liters of a catalyst which contained titania as amain component of the base material and contained
0.6% by mass of tithenium. Other than that, the treatment was carried out under the same conditions

as those used in Exgmple 2:1. 10af 5, only thepostcafalystysed,in gxample. 2:1 was;used in an

amount of 1.2 liters. [0206] The COD (Cr) concentration of the treated liquid which was obtained
after 50 houts avasi 68 snglliter;candrthedetad pitroge nceonteatratbon wast/ Xmg/liter: dHoyeever, the
treatment performance deteriorated thereafter, as a results, the COD (Cr) concentration of the treated
liquid after 1000 ReERHas2BA7mb/itér, WHiEThe EStaPHitregeh tofésnration ageous .

Therefore, it is preferable to use no more than 5 kinds of
catalysts, and more preferably no more than 4 kinds of catalysts.
In the case of using three or more of solid catalysts in
combination, plural kinds of the pre-catalyst and plural kinds
of the post-catalyst can be used in an arbitrary combination,
as long as the order of the pre-catalyst and the post-catalyst
in the flow direction of the waste water is not reversed.
[0140]

In the present invention, there are no particular
limitations on the catalyst on the upstream in the flow
direction of the waste water (pre-catalyst). Preferred
examples of the pre-catalyst include: (i) it is effective to
use a catalyst containing at least one element selected from
the group consisting of non—-noble metallic components such as
titanium, iron, lanthanum, manganese, zirconium, cobalt, tin,
tungsten, yttrium, indium, tantalum, bismuth, nickel, cerium,
zinc and niobium, and/or a compound thereof, and preferably,
a catalyst containing at least one element selected from
titanium, iron, lanthanum, manganese, zirconium, yttrium,
cerium and zinc, and/or a compound thereof; (ii) the first
catalyst for waste water treatment of the present invention;

(1ii) a catalyst containing oxides or a composite oxide of at
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was 1340 mg/liter. After completion of the treatment, the catalyst removed from the column reactor
was analyzed, and it was found that the content of ruthenium had decreased to 0.12% by mass. [0207]
(Comparative Example 2-2) Only the pre-catalyst used in Example 2-1 was packed in a column
reactor in an amount of 1.0 liter, and the treatment was carried out under the same conditions as those
used in Example 2-1. The COD (Cr) concentration of the treated liquid which was obtained after 50
hours was 416 mg/liter, and the total nitrogen concentration was 3400 mg/liter. As residual nitrogen
componentd. 3290 by literlof ram driasal hier atjeriand G@9smgtlitercoPaitrate Fitkogen Were present,
and the conversion ratio of nitrogen-containing compounds was 98.9%. [0208] (Examéjle 3-1) A

treatment apparatis Slich 583Adwn iR &S 4 wasddet its CHIUMA PE5ctol '35 WHE S Hcked with 1 liter
of the catalyst.desgribed beloyy, andsthe treatment was continuously,garried ous for 1200 heurs under
the treatment conditions described below. The experiment method and results will be described in
detail belowl. €ne livercof alcatalyst irwinich cuthenigne wasisuppoted ania base matarial tarmed from
oxides of titanium, cerium and manganese was used. The base material formed from oxides of
titanium, cefitmand Piangaliese a8 obtaifed 8 a tbhtposieGXideC by disseVing R 306 gtof titanyl
sulfate as watglrésoluble f@grOf titanium, 5 g of cerium nq,trat%g xahydr, tgf.lar%sg?wategggﬂuble salt of

cerium, and50 g o r%éﬂaanese{ nitrate hrexa%y rate as a wafér-so l}ﬁet salt g&rﬁese, in 2000 g

of water, adjusfing the pkhtp-9.5-Using @quecuss ammpnia,as an alkaline substance abjaining a
precipitate, subsequently drying this precipitate for 20 hours at 150C, and calcining the dried
precipitate for®hoarsiat 500&n(prepared byadokprecipifatior methed). dhe edmpositicrirokitie base
material was that the mass ratio of titanium, cerium and manganese in terms of their oxides was

75:10:15. 186 §'6f te*EGhpESite bxide thus obtaitPwakaifmerdedl FE36:4%°5an Aqliebus solution
of ruthenium nitrate (rythenium concentration: 3.9% by m as a,water-soluble ruthenium salt, and
the Immersnee:(]i %:%)Er}nf)léégltg l()‘f(l}::lgrv?agrd?iégﬁgrg %X ﬁosuergvat ggﬁ?) gﬁd%(};a c<|:naet f%¥%%ﬁoatr}:%% 00C. Thus,
a catalyst havingrrutheniurssuppostacon the sampasite exidawas ofrtainad Thegmouphof supported
ruthenium was 1.4% by mass. [0209] The waste water subjected to the treatment was aqueous
ammonia, ahenthbavaste wateowas fed undenrpressaredoycrastenwater SupplyspurepBauhmbugh waste
water supply line 31 at a flow rate of 1 liter/hr. On the other hand, air that had been pressurized in a

compressorwas SBppitéd Hroagh aRitiziHg agent SHEBYAINR S3. SrHig §¥&iqGR mBRUr&WAs heated in
heat excharger 34, and therrthe, mixture was intraduced infg the columnyreacior 33 packed with a

catalyst 35.1, and was subjected to the wef oxidation treatment at a treatment temperature of 250C.
The liquid terbedreated wasicoolet:hy Heat exchangesnddoaid eaalen 36 rangthen was introduced into
gas-liquid separator 37. In the gas-liquid separator 37, the liquid surface was detected by a liquid
surface conbioflec@ )] BAd Aeonsant igdidcsurtalce was reétained biseperdting ifydi@ strfate control
valve 38. At the same tlm%, Ichwe pressure was ﬁjﬁtected%/ a pressyre Cofgg”(fri F;%)a tand the

=} letU%e O or, more. ere % Lb lons
apparatus was operated so as to retain a pressure of ai{galge) by perating préssiire control

valve 39. The ammenja,conceniationandihe ameunt oA supplied were varied with the, lapse of the
treatment time. The treatment conditions are presented in Table 9. [0210] The treatment results were
as shown iresableclfe2rHRalkletd] Specific examples thereof include a

simple non-metal substance, and oxides such as titania, iron

oxide (Fey03), lanthanum oxide, zirconia, yttria, and ceria.

Among these, the non-noble metallic component is preferably

used in the form of an oxide. In this regard, when lanthanum

or yttrium, and/or compounds thereof are incorporated into a

catalyst, thermal stability is enhanced, and the specific

surface area can be stabilized. The content of lanthanum or

yttrium, and/or compounds thereof in the pre-catalyst may be
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Example 3-1 Elapsed treatment time(hr) 0-300 300-600 600-900 900-1200 Ammoniacalnitrogen
concentration (g/L) 4.0 2.2 2.2 4.0 Amount of air supplied(L(N)/h) 25.1 25.1

appropriately set, but usually, the content may be, in terms
of oxide, 20% by mass or less, and preferably 5% to 10%.
Meanwhile, since the catalyst of (iii) and the catalyst of (iv)
are the same as the catalyst of (I) and the catalyst (II),
respectively, further description will not be repeated herein.
[0141]

Furthermore, in the present invention, there are no
particular limitations on the catalyst on the downstream side
in the flow direction of the waste water (post-catalyst).
Preferred examples of the post-catalyst include: (a) a catalyst
containing an oxide of at least one element selected from the
group consisting of titanium, iron, lanthanum, manganese,
zirconium, cobalt, tin, tungsten, yttrium, tantalum, bismuth,
nickel, cerium, zinc and niobium as a component A", and the metal
of at least one element selected from platinum, palladium,
ruthenium, rhodium, gold, silver and iridium, and/or an oxide
thereof as a component B"; (b) the first catalyst for waste water
treatment of the present invention; (C) a catalyst containing
oxides or a composite oxide thereof of at least two selected
from the group consisting of titanium, iron, zirconium, cobalt,
nickel, cerium, lanthanum, manganese, yttrium, indium, zinc and
bismuth, as a component A', and at least one selected from the
group consisting of silver, platinum, palladium, ruthenium,
rhodium, iridium and gold as a component B' (hereinafter, also
referred to as "catalyst of (c)"); and (d) a catalyst formed
by coating a porous inorganic oxide with a noble metal and an

activating aid (hereinafter, also referred to as "catalyst of
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50.3 25.1 Theoretical oxygen demand(g/L) 6.9 3.8 3.8 6.9 Amount of oxygen supplied/theoretic al
oxygen demand (times) 1.1 2.0 4.0 1.1 [0212] [Table 10]

(d)"). Among these, the catalysts of (a) and (b) are preferably
used. In the catalyst (a), the proportion of the catalyst
component B" in the solid catalyst is preferably set to 0.05%
to 10% by mass. Even if the component B" is used at a proportion
of greater than 10% by mass, an enhancement of the treatment
performance corresponding to such an increase of the proportion
is not recognized. Rather, since the raw materials are
expensive, the cost of the solid catalyst increases, and it is
economically disadvantageous. Meanwhile, since the catalyst
of (c) and the catalyst of (d) are the same as the catalyst of
(I) and the catalyst of (II), respectively, further description
will not be repeated herein.

[0142]

The method for preparing the catalyst may be any of those
methods for preparing a catalyst that is conventionally used
in a wet oxidation treatment. However, preferably the
following method can be adopted: (1) a method of adding
water—-soluble salts of the individual components to water,
mixing the components, adjusting the pH with ammonia or a
hydroxide, and co-precipitating the components; (2) a
supporting method of supporting other components on an oxide
or the like; (3) a mixing method of mixing solids such as the
oxides of individual components; and the like can be adopted.
A preferred method for the pre-catalyst is a method of
co-precipitating the individual components, and a preferred
method for the post-catalyst is a supporting method.

[0143]
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Example 3-1 Elapsed time(hr) 300 600 900 1200 Total nitrogen treatment efficiency(%) 98.1 97.3 88.5
98.1 Amount of residual

There are no particular limitations on the shape of the
respective catalysts, and for example, the shape may be any of
particle shape, spherical shape, pellet shape, fracture shape,
saddle shape, honeycomb shape and ring shape. In the case of
pellet shape, a catalyst having any arbitrary morphology whose
cross—section is circular, elliptic, polygonal, trefoil,
quatrefoil or the like, can be used.

[0144)]

In regard to the arrangement of the catalysts, at least
two kinds of catalysts having different compositions are used
with arranged in the flow direction of the waste water from the
upstream side toward the downstream side. However, between the
two adjacent catalysts, when the volume occupied by the catalyst
closer to the upstream side (pre-catalyst) is represented by
V1, and the volume occupied by the catalyst closer to the
downstream (post—-catalyst) is represented by V2, it is
effective to pack the catalysts such that the ratio of the
volumes occupied by these two adjacent catalysts, V1/V2, is20/1
to 1/5. It is more effective if the ratio of the volumes
occupied by these two adjacent catalysts, V1/V2, is 15/1 to 1/3,
even more effectively 10/1 to 1/2, and particularly preferably
10/1 to 2/1. 1If the ratio of the volumes occupied, V1/V2, is
larger than 20/1, the effect of the method for treating waste
water according to the present invention is small, and the
results of the method are not much different from the results
obtained by treating waste water with one kind of catalyst. If

the ratio is smaller than 1/5, the amount of the post-catalyst
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ammoniacal nitrogen (mg/L) 28 8 0 32 Amount of nitrate nitrogen produced (mg/L) 36 47 238 33
Amount of nitrite nitrogen produced (mg/L) 11

containing a noble metal component increases, and the catalyst
cost increases, then it is economically disadvantageous.
[0145]

The method of the present invention is to carry out the
treatment in a temperature range of equal to or higher than 100°C
and lower than 370°C. If the treatment temperature is lower
than 100°C, it may become difficult to efficiently carry out
the oxidation/degradation treatment of nitrogen-containing
compounds. The treatment temperature is preferably set to a
temperature of 110°C or higher, more preferably higher than
120°C, even more preferably a temperature of higher than 130°C,
and still more preferably a temperature of higher than 140°C.
Meanwhile, if the treatment temperature is 370°C or higher, the
waste water cannot maintain the liguid phase, which is not
preferable. If the treatment temperature is elevated, the
operating cost required for heating increases. Therefore,
preferably, the treatment temperature may be set to a
temperature of 280°C or lower, more preferably 270°C or lower,
even more preferably 260°C or lower, still more preferably 250°C
or lower, even more preferably 240°C or lower, still more
preferably 230°C lower, and even more preferably 170°C or lower.
[0146]

On the other hand, the treatment pressure may be any
pressure as long as the waste water can retain the liquid phase
at the treatment temperature, and there are no particular
limitations. The treatment pressure may be different in each

of the catalyst layers. Also, the adjustment of the treatment
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416 10 [0213] (Example 3-2) The catalyst indicated in Table 11 was used, and the same waste
water as that used in Example 3-1 was treated under the same treatment conditions as those used in
Example 3-1. The treatment results were as shown in Table 12. The method for preparing the catalyst
was a method including supporting a metal to be supported, on the composite oxide obtained by
co-precipitation method in the same manner as in Example 3-1, according to the same procedure as
that used in Example 3-1. [0214] [Table 11] Example 3-2 Catalyst Remarks Base material component
Metal pressure is not particularly limited, and the pressure can be

adjusted according to a known method. For example, it is

preferable to provide a pressure control valve on the exhaust

gas outlet side of the wet oxidation treatment apparatus, and

to thereby appropriately adjust the pressure in accordance with

the treatment temperature so that the waste water can retain

the l1iqguid phase inside the column reactor. Here, the treatment

pressure is such that, for example, when the treatment

temperature is equal to or higher than 80°C and lower than 95°C,

the waste water is in the liquid phase state even under the

atmospheric pressure. From the viewpoint of economic

efficiency, the treatment pressure may be the atmospheric

pressure, but it is preferable to apply pressure in order to

enhance the treatment efficiency. When the treatment

temperature is 95°C or higher, the waste water vaporizes under

the atmospheric pressure in many cases. Therefore, it is

preferable to control the pressure such that the waste water

can retain the liquid phase, by applying a pressure of about

0.2 MPa to 1 MPa (gauge) when the treatment temperature is equal

to or higher than 95°C and lower than 170°C; a pressure of about

1 MPa to 5 MPa (gauge) when the treatment temperature is equal

to or higher than 170°C and lower than 230°C; and a pressure

of greater than 5 MPa (gauge) when the treatment temperature

is 230°C or higher. 1In order to enhance the treatment

performance and the durability of the catalyst, it is preferable

to control the fluctuation of this treatment pressure to *x20%

or less, more preferably x10% or less, and even more preferably
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supported Amount of support Fe203-0e02-ZnO Pt 0.9 mass% Supported by impregnation [0215]
[Table 12] Elapsed time(hr) 300 600 900 1200

The spatial velocity of the waste water in the catalyst
layer is not particularly limited, but usually, it is preferable
to adjust the spatial velocity in each of the catalyst layers
to 0.1 hr' to 10 hr?, more preferably 0.2 hr* to 5 hr*, and
even more preferably 0.3 hr'* to 3 hr*. If the spatial velocity
is less than 0.1 hr™', the throughput of the waste water is
decreased, and excessive facilities will be required. On the
other hand, if the spatial velocity is greater than 10 hr’?,
it is difficult to efficiently carry out the
oxidation/degradation treatment of nitrogen-containing
compounds.

[0148]

In the present invention, the amount of the oxidizing
agent supplied is not particularly limited, and it is desirable
to supply the oxidizing agent in an amount required to degrade
and eliminate hazardous substances in the waste water. When
the oxidizing agent is a gas, the amount supplied to the waste
water can be appropriately regulated by, for example, providing
an oxygen—-containing gas flow rate regulating valve on the
oxygen—-containing gas supply line. As the amount of supply of
the oxidizing agent, it is recommended that the amount of supply
be an amount corresponding to an oxygen content of preferably
0.4 times or greater, more preferably 0.5 times or greater, and
even more preferably 0.7 times or greater, the molar amount of

the theoretical oxygen supply for the substances to be oxidized

72



Total nitrogen treatment efficiency(%) Example 3-3 99.1 97.2 88.8 98.9 Amount of residual a
mmoniacal nitrogen(mg/L) Example 3-3 10 0 0 13 Amount of nitrate nitrogen produced(mg/L) Example

in the waste water, and an oxygen content of preferably 10.0
times or less, more preferably 5.0 times or less, and even more
preferably 3.0 times or less, the molar amount of the
theoretical oxygen supply. If the amount of the oxidizing agent
supplied is less than 0.4 times by mole, the hazardous
substances in the waste water may not be sufficiently degraded
in many cases, and a relatively large amount of the hazardous
substances may remain in the ligquid obtained after the wet
oxidation treatment. Even if the oxidizing agent is supplied
in an amount of greater than 10.0 times by mole, the treatment
performance may not be enhanced only by enlarging the size of
the facilities in many cases. The "theoretical oxygen demand"
as used herein refers to the amount of oxygen required to degrade
the substances to be oxidized such as organic compounds and
nitrogen compounds in the waste water, to nitrogen, carbon
dioxide, water, and ashes such as sulfates. When substances
to be oxidized other than nitrogen-containing compounds are
included in the waste water, the theoretical oxygen demand is
determined by including these substances in the calculation.
[0149]

Hereinafter, the present invention will be described in
more detail by the Examples, but the present invention is not
intended to be limited to the following Examples, and all
variations and modifications made to the extent that the
purposes of the invention that have described above and that
will be described below are maintained, are included in the

technical scope of the present invention.
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3-3 23 61 247 30 Amount of nitrite nitrogen Example 50 0 3 produced (mg/L)3-3 [0216] (Examples
3-3to 3-4) The treatment of ammonia and monoethanolamine was carried out using the
respective catalysts indicated in Table 13. The treatment was continuously carried out for 900 hours.
The waste water was fed under pressure by waste water supply pump 32 through waste water supply
line 31 at a flow rate of 2 liters/hr. On the other hand, air that had been pressurized in a compressor
was supplied through oxidizing agent supply line 33. The concentrations of ammonia and
monoethanolamine, and the amount of air supplied were varied with the lapse of the treatment time,
and for other treatment conditions, the same conditions as those used in Example 3-1 were employed.
The treatméRt BRSNS are presented in Table 14. The method for preparing the catalyst was a
method inclyg'@goﬁupporting a metal to be supported, on the composite oxide obtained by
co-precipitation method in the same manner as in Example 3-1, according to the same procedure as
that used in Examplee3dinafter, the present invention will be more

specifically described by way of Catalyst Preparation Examples,
Comparative Preparation Examples, Examples and Comparative
Examples, but the present invention is not intended to be
limited to these.

[0151]

In the following Examples, the total nitrogen
concentration indicates the sum of the concentrations of
unreacted nitrogen-containing compounds, ammoniacal nitrogen,
and nitrate nitrogen. Nitrate nitrogen is a term collectively
referring to nitrogen oxide ions, and examples thereof include
NO3~ and NO; .

[0152]

The methods for measuring the distribution and the
average particle size of the component B will be described
below.

[0153]

(Measurement of distribution of component B)

The proportion (mass$%$) of the component B present in the
catalyst surface layer section which occupies from the catalyst
outer surface to a depth of 1000 um, with respect to the total
amount of the catalyst, was determined by: with the catalyst
cross—section, a linear analysis is performed for the amount

of the component B present in the catalyst surface layer section
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[0217] The treatment results were as shown In Table 15. [0218] [Table 13] Catalyst Remarks Base
material component Metal supporte d Amount of support Example

by EPMA (electron probe microanalysis), and the proportion of
the component B in the section from the catalyst surface to a
depth of 1000 Um with respect to that in the total distribution
is calculated on the basis of the area ratio.
[0154]

Analysis apparatus: EPM-810 manufactured by Shimadzu
Corp.

X-ray beam diameter: 1 um

Accelerating voltage: 20 kV

Sample current: 0.1 um

Sample scan speed: 200 um/min
[0155]

(Measurement of average particle size of component B)

The average particle size of the component B contained
in the catalyst was calculated by measuring the amount of
chemisorption by the CO pulse method of a TPD analysis.
[0156]

Analysis apparatus: Catalyst analysis apparatus
manufactured by BEL Japan, Inc., BEL-CAT

Analysis method: TPD (temperature programmed desorption)

Carrier gas: Helium

Detector: TCD (thermal conductive type detector)

Pretreatment temperature/time: 300°C X 15 minutes
(hydrogen atmosphere)

CO adsorption temperature: 100°C
[0157]

(Measurement of solid acid content)
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3-3 Ce02- Zr02-La202-Y202 Pd 1.2 mass% Supported by , Impregnation Example Fe202-1n202-1i02
Rh 0.5 mass% Supported by 3-4

The solid acid content was determined by a gaseous base
adsorption method. Ammonia was used as the base.
[0158]

Analysis apparatus: Catalyst analysis apparatus
manufactured by BEL Japan, Inc., BEL-CAT

Analysis method: TPD (temperature programmed desorption)

Carrier gas: Helium

Detector: TCD (thermal conductive type detector)

Pretreatment temperature/time: 200°C X 2 hours

Ammonia adsorption temperature: 100°C

Temperature increase range: From 100°C to 700°C

Temperature increase rate: 10°C/min
[0159]

(Catalyst Preparation Example 1)

An iron oxide (Fe;03)—-aluminum oxide (Al;03) powder
prepared by a co-precipitation method was molded into a pellet
shape, and platinum (Pt) was supported thereon. The average
diameter of the pellet was 5 mm, the average length was 6 mm,
and the specific surface area was 58 m?’/g. In order to achieve
high-dispersion supporting of Pt as fine particles in the
surface layer section of the pellet, a liquid prepared by adding
sodium carbonate to a basic aqueous solution of a platinum
complex was sprayed while the pellets were constantly moved,
to thereby support Pt. And then, the pellets were dried for
one hour while the pellets were rotated in a hot air stream at
90°C. Subsequently, the pellets were subjected to a reduction

treatment using a hydrogen-containing gas for 3 hours at 300°C,
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impregnation [0219] [Table 14] Elapsed treatment time(hr) 0-300 300-600 600-900 Ammonia
concentration(NH42)(g/L) 3.9 2.3 3.9 MEA concentration(g/L) 2.2 1.1 2.2 Total nitrogen concentration

(g/L)

and thus a catalyst (A-1) was obtained. The mass ratio of the
main components of the catalyst thus obtained was Fe,03:A1,05:Pt
= 90:9.7:0.3. The results of investigating the distribution
of Pt in the catalyst A-1 (proportion of Pt present in the region
extending within the depth of 1000 Um from the base material
surface, with respect to the total content of Pt) by EPMA, the
results of investigating the particle size of Pt by a TPD
analysis, and the results of investigating the solid acid
content are presented in Table 1.

[0160]

(Catalyst Preparation Examples 2 and 3)

In Catalyst Preparation Examples 2 and 3, the pellets used
for the catalyst A-1 were used. In these pellets, the
components indicated in Table 1 were used as the component B.
Catalysts (A-2 and A-3) were prepared by the same method as that
used in Catalyst Preparation Example 1, except that the
component B was changed as described below. The results of
investigating the distribution of the component B in the
respective catalysts (proportion present in the region
extending within the depth of 1000 Uum from the base material
surface, with respect to the total content) by EPMA, the results
of investigating the particle size by a TPD analysis, and the
results of investigating the solid acid content are presented
in Table 1.

[0161]
That is, in Catalyst Preparation Example 2, iridium (Ir)

was used as the component B. A liquid prepared by mixing an
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3.5 2.0 3.5 Amount of air supplied(L(N)/h) 65.3 65.3 65.3 Theoretical oxygen demand(g/L) 8.9 4.9 8.9
Amount of oxygen supplied/theoretical oxygen demand (times) 1.1 2.0 1.1 [0220]

aqueous solution of iridium chloride and ethanol was used for
the precursor. The amount of iridium supported was 0.6% by
mass.
[0162]

In Catalyst Preparation Example 3, palladium (Pd) and
platinum (Pt) were used as the component B. A liquid prepared
by mixing a basic agqueous solution of a palladium complex and
an basic aqueous solution of a platinum complex with sodium
hydroxide was used for the precursor. The amounts of palladium
and platinum supported were 0.5% by mass and 0.1% by mass,
respectively.

[0163]

(Comparative Preparation Example 1)

The same iron oxide (Fe;03)—-aluminum oxide (Al,03) powder
as that used in Catalyst Preparation Example 1, and an aqueous
solution of platinum nitrate were mixed, and the mixture was
dried by evaporation to dryness in a hot air gas stream at 90°C
to support 0.3% by mass of platinum. Then, the mixture was
dried for 20 hours and was molded into pellet having the same
shape as that used in the catalyst A-1 (average diameter 5 mm,
and average length 6 mm). The pellets were subjected to a
reduction treatment using a hydrogen-containing gas for 3 hours
at 300°C, and thus a catalyst (A-4) was obtained. The results
of investigating the distribution state of Pt (proportion
present in the region extending within the depth of 1000 um from
the base material surface, with respect to the total content)

by EPMA, the results of investigating the particle size of Pt
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[Table 15] Elapsed time(hr) 300 600 900 Total nitrogen treatment efficiency(%) Example 3-3 96.5 96.0
96.3 Example 3-4 98.7 98.2 98.7

by a TPD analysis, and the results of investigating the solid
acid content are presented in Table 1.
[0164]

(Catalyst Preparation Examples 4 to 6)

An iron oxide (Fey03)-titanium oxide (TiO,) powder
prepared by a co-precipitation method was molded into a pellet
shape, and the component B was supported thereon. The average
diameter of the pellet was 5 mm, the average length was 7 mm,
and the specific surface area was 48 mZ/g. The component B was
incorporated into a pellet by the same method as that used in
Catalyst Preparation Example 1, and thus catalysts B-1 to B-3
were obtained. As the component B for the respective catalysts,
palladium (Pd) was incorporated into B-1; ruthenium (Ru) was
incorporated into B-2; and gold (Au) and platinum (Pt) were
incorporated into B-3. (In Catalyst Preparation Example 4, a
liquid prepared by adding sodium hydroxide to an aqueous
solution of a basic palladium complex was used; in Catalyst
Preparation Example 5, a liquid prepared by adding sodium
carbonate to an agqueous solution of a basic ruthenium complex
was used; and in Catalyst Preparation Example 6, a liquid
prepared by mixing an aqueous solution of chloroauric acid, an
aqueous solution of platinum nitrate, and ethanol was used.)
The catalysts obtained after the addition of the component B
were subjected to a reduction treatment using a
hydrogen-containing gas for 3 hours at 300°C. The mass ratios
of themain components in the respective catalysts thus obtained

were Fep03:Ti0,:Pd = 84.7:14.9:0.4 (catalyst B-1),
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Residual ratio of ammoniacal nitrogen(mg/L) Example 3-3 103 19 110 Example 3-4 39 28 35 Amount
of nitrate nitrogen produced(mg/L) Example 3-3 9 50

Fe,03:Ti0,:Ru = 84.4:14.9:0.7 (catalyst B-2), and
Fe,03:Ti0,:Au:Pt = 84.5:14.9:0.4:0.2 (catalyst B-3). The
results of investigating the distribution of the component B
in the catalysts B-1 to B-3 (proportion present in the region
extending within the depth of 1000 Um from the base material
surface, with respect to the total content) by EPMA, the results
of investigating the particle size by a TPD analysis, and the
results of investigating the solid acid content are presented
in Table 2.
[0165]

(Comparative Preparation Example 2)

The same iron oxide (Fe;03)-titanium oxide (TiO,) powder
as that used in Catalyst Preparation Examples 4 to 6, and a
commercially available ruthenium oxide (RuO,) powder were mixed,
and the mixture was molded into a pellet having the same shape
as that of the catalyst B-1 (average diameter 5 mm, and average
length 7 mm). The pellets were subjected to a reduction
treatment using a hydrogen-containing gas for 3 hours at 300°C,
and thus a catalyst B-4 was obtained. The mass ratio of the
main components of the catalyst thus obtained was Fe;03:Ti05:Ru
= 84.4:14.9:0.7. The results of investigating the
distribution state of Ru in the catalyst B-4 (proportion present
in the region extending within the depth of 1000 um from the
base material surface, with respect to the total content) by
EPMA, the results of investigating the particle size of Ru by
a TPD analysis, and the results of investigating the solid acid

content are presented in Table 2.
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12 Example 3-4 57 7 Amount of nitrite nitrogen produced(mg/L) Example 3-3 10 12 8 Example 3-4 3

[0166]

(Comparative Preparation Example 3)

The same iron oxide (Fe;03)-titanium oxide (TiO,) powder
as that used in Catalyst Preparation Examples 4 to 6 was calcined
in air at 850°C. (The powder of Catalyst Preparation Examples
4 to 6 was calcined at 600°C.) The specific surface area of
the powder was 22 mZ/g, and the powder was molded into a pellet
having the same shape as that of the catalyst B-1 (average
diameter 5 mm, and average length 7 mm). Pd was incorporated
into the pellets by the same method as that used in Catalyst
Preparation Example 1, and thus a catalyst B-5 was obtained.
The catalyst was subjected to a reduction treatment using a
hydrogen-containing gas for 3 hours at 300°C. The mass ratio
of the main components of the catalyst thus obtained was
Fe,03:Ti0,:Pd = 84.7:14.9:0.4. The results of investigating
the distribution of Pd in the catalyst B-5 (proportion present
in the region extending within the depth of 1000 Uum from the
base material surface, with respect to the total content) by
EPMA, the results of investigating the particle size by a TPD
analysis, and the results of investigating the solid acid
content are presented in Table 2.

[0167]

(Catalyst Preparation Examples 7 and 8)

An iron oxide (Fe;03)—-cerium oxide (CeO;) powder prepared
by a co-precipitation method was molded into a pellet shape,
and the component B was supported thereon. The average diameter

of the pellet was 3 mm, the average length was 4 mm, and the
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2 4 [0221] (Comparative Examples 3-1 to 3-2) The catalysts indicated in Table 16 were used,
and the same waste water as that used in Example 3-1 was treated under the same treatment
conditions as those used in Example 3-1. The treatment results were as shown in Table 17. The
catalysts of the Comparative Examples were catalysts obtained by supporting an aqueous solution
containing a waster-soluble salt of the metal to be supported as a precursor, on the base material

indicated in Table 16 according to impregnation method. [0222] [Table 16] Catalyst Remarks Base
material cospenAeatic surface area was 38 m*’/g. The component B was

incorporated into the pellets by the same method as that used
in Catalyst Preparation Example 1, and thus catalysts C-1 and
C-2 were obtained. As the component B of the respective
catalysts, rhodium (Rh) was incorporated into C-1; and iridium
(Ir) and palladium (Pd) were incorporated into C-2. (In
Catalyst Preparation Example 7, a liquid prepared by mixing an
aqueous solution of rhodium nitrate and ethanol was used; and
in Catalyst Preparation Example 8, a liquid prepared by mixing
an aqueous solution of iridium chloride, an aqueous solution
of palladium nitrate, and acetone was used.) The catalysts
obtained after the addition of the component B were subjected
to a reduction treatment using a hydrogen-containing gas for
3 hours at 300°C. The mass ratios of the main components in
the respective catalysts thus obtained were Fe,03:Ce0,:Rh =
79.9:20.0:0.1 (catalyst C-1), and Fey03:Ce0y:Ir:Pd =
79.4:19.9:0.4:0.3 (catalyst C-2). The results of
investigating the distribution state of the component B in the
catalysts C-1 and C-2 (proportion present in the region
extending within the depth of 1000 Um from the base material
surface, with respect to the total content) by EPMA, the results
of investigating the particle size by a TPD analysis, and the
results of investigating the solid acid content are presented
in Table 3.
[0168]

(Comparative Preparation Example 4)

Commercially available powders of iron oxide (Fe;03) and
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Metal supported Amount of support Comparative Example 3-1 1102 Ir 0.8 mass% Supported by i
impregnation Comparative Example 3-2 Fe203 Pt 1.2 mass%

cerium oxide (CeQO;) were mixed, and the mixture was molded into
a pellet shape. The average diameter of the pellet was 3 mm,
the average length was 4 mm, and the specific surface area was
25 m2/g. The component B was incorporated into the pellets by
the same method as that used in Catalyst Preparation Example
1, and thus a catalyst C-3 was obtained. Rhodium (Rh) was
incorporated as the catalyst component B. (A liquid prepared
by mixing an aqueous solution of rhodium nitrate and ethanol
was used.) The catalyst obtained after the addition of the
component B was subjected to a reduction treatment using a
hydrogen-containing gas for 3 hours at 300°C. The mass ratio
of the main components of the catalyst thus obtained was
Fe,03:Ce0z:Rh = 79.9:20.0:0.1. The results of investigating
the distribution of the component B (proportion present in the
region extending within the depth of 1000 pum from the base
material surface, with respect to the total content) by EPMA,
the results of investigating the particle size by a TPD analysis,
and the results of investigating the solid acid content are

presented in Table 3.

[0169]
[Table 1]
Catalyst | Component | Distribution Particle Solid acid
B proportion of size of content
component B component B
A-1 Pt 95 mass$% 6.1 nm 0.27 mmol/g
A-2 Ir 92 mass$% 10.9 nm 0.26 mmol/g
A-3 Pd, Pt 84 mass$% 13.3 nm 0.26 mmol/g
A-4 Pt 22 mass% 5.3 nm 0.25 mmol/g
[0170]
[Table 2]
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Supported by impregnation [0223] [Table 17] Elapsed time(hr) 300 600 900 1200 Total nitrogen

treatment efficiency (%) Comparative Example 3-1 94.5 74.0 64.6 94.9

Catalyst | Component Distribution Particle Solid acid
B proportion of size of content
component B component B
B-1 Pd 91 mass$% 5.8 nm 0.33 mmol/g
B-2 Ru 94 mass% 11.2 nm 0.33 mmol/g
B-3 Au, Pt 81 mass$% 14.1 nm 0.32 mmol/g
B-4 Ru 29 mass$% 38 nm 0.32mmol/g
B-5 Pd 90 mass$% 6.5 nm 0.17 mmol/g
[0171]
[Table 3]
Catalyst | Component Distribution Particle Solid acid
B proportion of size of content
component B component B
Cc-1 Rh 91 mass$% 5.2 nm 0.29 mmol/g
C-2 Ir, Pd 94 mass$% 13.9 nm 0.29 mmol/g
Cc-3 Rh 86 mass$% 6.5 nm 0.12 mmol/g
[0172]

(Example 1-1)
A treatment was carried out for 1000 hours under the
conditions described below, using the apparatus shown in FIG.
1. 1.0 liter of the catalyst

(A-1) was packed in the inside

of column reactor 1 (cylindrical shape with a diameter of 26
mm and a length of 3000 mm). The waste water subjected to the
treatment was a waste water containing alcohols and the like
that had been discharged from a chemical plant, and the COD (Cr)
was 22 g/liter. This waste water did not contain any catalyst
poisoning material.
[0173]

The waste water was supplied to waste water supply pump
5 through waste water supply line 6, and was fed with a pressure
applied at flow rate of 2 liters/h.

Subsequently, the waste

water was heated to 230°C at heater 3, and was supplied through
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Comparative Example 3-2 95.2 75.2 67.6 90.6 Amount of residual ammoniacal nitrogen (mg/L)
Comparative Example 3-1 58 38 0 70 Comparative Example 3-2

the bottom of the column reactor 1. Through oxygen—-containing
gas supply line 10, the air pressurized in compressor 9 was
supplied, while the flow rate was regulated with
oxygen—-containing gas flow rate regulating valve 11 so as to
obtain a flow rate of 160 liters (N: standard state)/h. The
treatment was carried out in the column reactor 1 by gas-liquid
cocurrent upward flow. Inthe column reactor 1, the temperature
of the waste water was maintained at 230°C using electric heater
2, and the oxidation/degradation treatment was carried out.
The treated liquid thus obtained was sent to gas-liquid
separator 13 through treated liquid line 12, and a gas—-liquid
separation was carried out. In the gas-liquid separator 13,
the liquid surface was detected with the liquid surface
controller LC, and the treated liquid was discharged through
liquid surface control valve 15 so as toretain a constant liquid
surface. Pressure control valve 14 detected the pressure with
a pressure controller PC, and controlled the pressure so as to
retain the pressure at 5 MPa (gauge). The treatment results
of the waste water thus obtained are presented in Table 4.
[0174]

(Examples 1-2 to 1-3 and Comparative Example 1-1)

The waste water treatment was carried out by the same
method as that used in Example 1-1, except that the catalyst
was changed to the catalysts A-2 to A-4, respectively. The
results are presented in Table 4.

[0175]

(Example 1-4)
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15 6 0 226 Amount of nitrate nitrogen produced (mg/L) Comparative Example 3-1 129 469 708 114
Comparative Example 3-2 156 507 675

A waste water discharged from a photographic treatment
facility was treated using the same apparatus as that used in
Example 1-1 and using the catalyst B-1. 1In regard to the nature
of the waste water, the COD (Cr) was 30 g/liter, and the waste
water contained 150 mg/liter of phosphorus. An aqueous
solution of sodium hydroxide was supplied by alkali supply pump
7 through alkali supply line 8, such that the molar ratio of
sodium/phosphorus was 3. The pH of the waste water obtained
after the addition of sodium hydroxide was 8.5. The treatment
was carried out by the same method as that used in Example 1-1,
except that the amount of the waste water supplied was set to
1.51iters/h, and the amount of air supplied was set to 165 liters
(N) /h. The results are presented in Table 5.

[0176]

(Examples 1-5 to 1-6 and Comparative Examples 1-2 to 1-3)

The same waste water treatment was carried out by the same
method as that used in Example 1-4, except that the catalyst
was changed to the catalysts B-2 to B-5, respectively. The
results are presented in Table 5.

[0177]

(Examples 1-7 to 1-9)

The same waste water treatment was carried out by the same
method as that used in Example 1-4, except that the catalysts
B-1 to B-3 were used respectively, and an aqueous solution of
sodium hydroxide was not added. The pH of the waste water was
4.6. The results are presented in Table 5.

[0178]

86



121 Amount of nitrite nitrogen produced (mg/L) Comparative Example 3-1 33 64 70 19 Comparative
Example 3-2 21 33 37 29 [0224]

(Examples 1-10 to 1-11 and Comparative Example 1-4)

The treatment of a waste water discharged from a chemical
plant was carried out using the same apparatus as that used in
Example 1-1 and using the catalysts C-1 to C-3. The waste water
contained sodium acetate and the like, and the nature of the
waste water was that: the COD (Cr) was 18 g/liter; and the waste
water contained 105 mg/liter of phosphorus, and 63 mg/liter of
silicon. The waste water contained sodium, and thus the molar
ratio of sodium/phosphorus was 3.5. The same treatment was
carried out by the same method as that used in Example 1-1, except
that the amount of the waste water supplied was set to 1.5
liters/h, and the amount of air supplied was set to 100 liters
(N) /h. The results are presented in Table 6.

[0179]

(Examples 1-12 to 1-13)

The treatment of waste water was carried out using the
same apparatus as that used in Example 1-1 and using the
catalysts C-1 and C-2. The treatment of a waste water
containing ammonia as a main component was carried out. In the
waste water, the ammoniacal nitrogen concentration was 3.0
g/liter, and the total nitrogen concentration was 3.3 g/liter.
The waste water contained 280 mg/liter of phosphorus. The
treatment was carried out by supplying an aqueous solution of
potassium hydroxide by the alkali supply pump 7 through the
alkali supply line 8 such that the molar ratio of
potassium/phosphorus was 3.0. The pH of the waste water after

the addition of potassium hydroxide was 9.0. The same treatment
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(Comparative Examples 3-3 to 3-4)

The catalysts indicated in Table 18 were used, and the same
waste water as that used in Examples 3-3 and 3-4 was treated under the same treatment conditions
as those used in Examples 3-3 and 3-4. The treatment results were as shown in Table 19. The
catalysts of the Comparative Examples were catalysts obtained by supporting an aqueous solution
containing a waster-soluble salt of the metal to be supported as a precursor, on the base material
indicated in Table 18 according to impregnation method. [0225] [Table 18] Catalyst Remarks Base

material companent Metdl suppbietdhmmeuneofetpportas that used in Example 1-1,

except that the amount of the waste water supplied was 2.0

liters/h, and the amount of air supplied was 35 liters (N)/h.

The results are presented in Table 7.

[0180]
[Table 4]
COD (Cr) treatment efficiency
T Nt TIMe | 140 hours | 500 hours | 1000 hours
Catalyst
Example 1-1 A-1 98% 97% 97%
Example 1-2 A-2 88% 86% 86%
Example 1-3 A-3 99% 99% 99%
Comparative A-4 76% 75% 75%
Example 1-1
[0181]
[Table 5]
COD (Cr) treatment efficiency
T et TIME 1100 hours | 500 hours | 1000 hours
Catalyst
Example 1-4 B-1 96% 92% 93%
Example 1-5 B-2 87% 88% 84%
Example 1-6 B-3 93% 93% 92%
Comparative B-4 69% 69% 69%
Example 1-2
Comparative B-5 79% 77% T7%
Example 1-3
Example 1-7 B-1 94% 85% 49%
Example 1-8 B-2 82% 71% 40%
Example 1-9 B-3 90% 84% 57%
[0182]
[Table 6]
COD (Cr) treatment efficiency
Tr et TIM | 100 hours | 500 hours | 1000 hours
Catalyst
Example 1-10 Cc-1 94% 94% 94%
Example 1-11 Cc-2 91% 91% 90%
Comparative Cc-3 80% T7% 76%
Example 1-4
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Comparative Example 3-3 MnOs Rh 0.7 mass% Supported by | impregnation Comparative Example
3-4 TiOs Ru 1.0 mass% Supported by , Impregnation

[0183]
[Table 7]
Total nitrogen treatment
efficiency
tment time 100 500 1000
Catalyst hours hours hours
Example 1-12 c-1 97% 98% 98%
Example 1-13 C-2 96% 94% 94%
[0184]

(Example 2-1)

The treatment apparatus shown in FIG. 2 was used, 1.2
liters of the catalysts described below were packed in the
column reactor 25, and the treatment was carried out
continuously for 1000 hours under the treatment conditions
described below. The experiment method and the results will
be described in detail below. Here, two kinds of catalysts were
used, and the catalyst on the upstream side in the flowdirection
of the waste water was provided as a pre-catalyst, and the
catalyst on the downstream side was provided as a post—-catalyst.
[0185]

As the pre-catalyst, 1 liter of a catalyst containing
titania and iron oxide as main components (mass ratio of
titania:iron oxide = 25:75) was used. As the method for
preparing the catalyst, co-precipitation method was used.
[0186]

As the post-catalyst, 0.2 liters of a catalyst containing
titania as a main component of the base material and containing
0.6% by mass of ruthenium was used.

[0187]
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[0226] [Table 19] Elapsed time(hr) 300 600 900 Total nitrogen treatment efficiency (%) Comparative
Example 3-3 91.3 68.1 89.0 Comparative Example 3-4 92.0 74.0

The COD (Cr) concentration of the waste water subjected
to the treatment was 24 g/liter, the monoethanolamine was 17.6
g/liter, and the total nitrogen concentration was 4 g/liter.
[0188]

The waste water was fed with a pressure applied, by waste
water supply pump 22 through a waste water supply line 21 at
a flowrate of 1 liter/hr. On the other hand, through oxidizing
agent supply line 23, air that had been pressurized in the
compressor was supplied at a flow rate of 110 liters (N) /hr.
This gas—-liquid mixture was heated with heat exchanger 24, and
then the gas-liquid mixture was introduced into column reactor
25 that was packed with the catalysts, and was subjected to the
wet oxidation treatment at a treatment temperature of 240°C.
The liquid to be treated was cooled by the heat exchanger 24
and cooler 26, and then was introduced into gas-1liquid separator
27. In the gas-liquid separator 27, the liquid surface was
detected by a liquid surface controller (LC), and liquid surface
control valve 28 was operated to retain a constant liquid
surface. At the same time, the pressure was detected by a
pressure controller (PC), and pressure control valve 29 was
operated so as to retain a pressure of 7.0 MPa (gauge).
[0189]

The COD (Cr) concentration of the treated liquid which
was obtained after 50 hours was 50 mg/liter, and the total
nitrogen concentration was 130 mg/liter. Thereafter, the
treatment was continued from the start to 1000 hours past, but

decrease in the treatment performance was not recognized
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91.8 Amount of residual ammoniacal nitrogen (mg/L) Comparative Example 3-3 90 14 173
Comparative Example 3-4 143 54 150 Amount of nitrate nitrogen produced (mg/L) Comparative
Example 3-3 181

particularly. The COD (Cr) concentration of the liquid treated
and obtained after lapse of 1000 hours was 64 mg/liter, and the
total nitrogen concentration was 114 mg/liter.

[0190]

(Example 2-2)

As the pre-catalyst, 1 liter of a catalyst containing
cerium, zirconia and iron oxide as main components (mass ratio
of cerium:zirconia:iron oxide = 8:20:72) was used. The
catalyst was prepared by co-precipitation method. As the
post—-catalyst, 0.2 liters of a catalyst containing titania as
a main component of the base material and containing 0.2% by
mass of platinum was used.

[0191]

The waste water subjected to the treatment had a COD (Cr)
concentration of 24 g/liter, and N-methylpyrrolidone was 13.8
g/liter, while the total nitrogen concentration was 2 g/liter.
[0192]

The treatment of the waste water was carried out using
the same apparatus as that used in Example 2-1. The waste water
was fed with a pressure applied at a flow rate of 0.8 liters/hr,
and air was supplied at a flow rate of 90 liters (N)/hr.
[0193]

The COD (Cr) concentration of the treated liquid obtained
after 50 hours was 95 mg/liter, and the total nitrogen
concentration was 110 mg/liter. Thereafter, the treatment was
continued from the start to 1000 hours past, but decrease in

the treatment performance was not recognized particularly.

91



569 190 Comparative Example 3-4 108 388 99 Amount of nitrite nitrogen produced Comparative
Example 3-3 34 55 22 (mg/L) Comparative

The COD (Cr) concentration of the treated liquid after a lapse
of 1000 hours was 111 mg/liter, and the total nitrogen
concentration was 115 mg/liter.

[0194]

(Example 2-3)

As the pre-catalyst, 1 liter of a catalyst containing
cerium, =zirconia, titania and iron oxide (mass ratio of
cerium:zirconia:titania:iron oxide = 5:25:40:30) was used.
The catalyst was prepared by co-precipitation method. As the
post—-catalyst, 0.1 liters of a catalyst containing titania as
a main component of the base material and containing 0.2% by
mass of palladium was used. Other treatment conditions were
the same as those used in Example 2-1, and the treatment of
pyridine was carried out.

[0195]

The waste water subjected to the treatment had a COD (Cr)
concentration of 24 g/liter, and pyridine was 11.9 g/liter,
while the total nitrogen concentration was 2.1 g/liter.
[0196]

The treatment of the waste water was carried out with the
same apparatus as that used in Example 2-1. The waste water
was fed with a pressure applied at a flow rate of 0.6 liters/hr,
and air was supplied at a flow rate of 70 liters (N)/hr.
[0197]

The COD (Cr) concentration of the ligquid treated and
obtained after 50 hours was 135 mg/liter, and the total nitrogen

concentration was 151 mg/liter. Thereafter, the treatment was
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Example 3-4 29 78 37 [0227] (Example 4-1) Ruthenium (Ru) (1.3% by mass) and zirconium oxide
(ZrOz) (3.5% by mass) were supported by impregnation on titanium oxide (1i02). Ruthenium (Ru)
nitrate and zirconium nitrate were used as precursors. The catalyst obtained after the supporting by
impregnation was calcined for 3 hours at 300C in air, and was subjected to hydrogen reduction in a
gas mixture of hydrogen and nitrogen (hydrogen: 5% by volume) for 3 hours at the same temperature.
Thus, a catalyst was obtained. The composition of the catalyst thus obtained is indicated in Table 20.
[0228] (Exapsplé 4n2)ed fPalativen $Pd) (0.8% by tRads)wrel peritim dxide {Ce02) (5:8%Alsy mass)
were supported by impregnation on a composite oxide of iron oxide%%ljezoz(g and bismuth oxide

(131202) [M&SS AR5 Of ifbr Oxidé:bHLiH oXidé L85 15  Prefied by £6pratipitation méthod.
Palladium nitsafe anq cesio pitrate were lised as precursors; fhe gajalyshoplainad.afterdhe

supporting by impregnation was calcined for 4 hours at 400C in air, and was subjected to hydrogen
reduction inaa gas naixtLue of hydrogen @ndonitregemn shyidroge; /5% twryolume) fors3 hotrslat 300C.
Thus, a catalyst was obtained. The composition of the catalyst thus obtained is indicated in Table 20.
[0229] (Comiparafive Exafipte atnat 1on gfigmi(hy (1594 by Piass) was supported by impregnation
on aluminunyo%%% (AlI203). An iridium nitrate solution was used as a precursor. The catalyst obtained
after the supporting by impregnation was calcined for 3 hours at 400C in air, and was subjected to
hydrogen reduction (e 2-@as @ixtyre-of hydrogen and nitrogen (hydrogen: 5% by volume) for 2 hours at
300C. Thus, a catalyst was obtained. The composition of the catalyst thus obtained is indicated in
Table 21. [0230] (CamparativerExampkel4-2)y, 1 liter of a catalyst containing

cerium, zirconia, iron oxide and yttria (mass ratio of
cerium:zirconia:iron oxide:yttria=25:10:60:5) was used. The
catalyst was prepared by co-precipitation method. As the
post—-catalyst, 0.2 liters of the same catalyst as that used in
Example 2-1 was used.

[0199]

A main component of the actual waste water subjected to
the treatment is triethanolamine, and the COD (Cr)
concentration was 32 g/liter, while the total nitrogen
concentration was 2 g/liter.

[0200]

The treatment of the waste water was carried out with the
same apparatus as that used in Example 2-1. The waste water
was fed with a pressure applied at a flow rate of 1 liter/hr,
and air was supplied at a flow rate of 140 liters (N)/hr.
[0201]

The COD (Cr) concentration of the ligquid treated and
obtained after 50 hours was 73 mg/liter, and the total nitrogen

concentration was 86 mg/liter. Thereafter, the treatment was
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Platinum (Pt) (1.0% by mass) was supported by impregnation on iron oxide (Fe203). A
dinitrodiammine platinum nitrate s citation was used as a precur s or . The catalyst obtained after the
supporting by impregnation was subjected to hydrogen reduction in a gas mixture of hydrogen and
nitrogen (hydrogen: 5% by volume) for 3 hours at 300C, and thus the catalyst was obtained. The
composition of the catalyst thus obtained is indicated in Table 21. [0231] (Waste water treatment
method 1) A treatment apparatus such as shown in FIG. 4 was used, the column reactor 35 was
packed witreoiliterezed dftha calelysts obtaihed it Exahiples 4rbahd 42 and<Comparative Examples
4-1 and 4-2, and the treatment was continuously carried out for 1200 hours under the treatment

conditions deseribed BETSH TS Exrerine it mathiod SHd FestitS Wilf 58 dR3EfBEd i detéil below. The
waste watergubjested tq-the. freatment was, aguequs.ammania, andhe yvaste waterwas; fed under

pressure by waste water supply pump 32 through waste water supply line 31 at a flow rate of 1 liter/hr.
On the otheshandp air ttkhat-traddbeecrs pressyiizec in, a eompressar avasi supplieddhrough oxidizing
agent supply line 33. This gas-liquid mixture was heated in heat exchanger 34, and then the mixture
was introdueed Fto the EbRitn Peacidr 35/ padkerwith a catalyst 35.1, and was subjected to a wet
oxidation trg@t%ef]t at a treatment temperature of 250C. The liquid to be treated was cooled by heat
exchanger 34"and cooler 36, and then was introduced into gas-liquid separator 37. In the gas-liquid
separator 37, the liquid shFface wasetgcted oyja liquid surface controller (LC), and a constant liquid
surface was retained by operating liquid surface control valve 38. At the same time, the pressure was
detected by a pressuneccatsrotier {RCY,yand tthehapparatas was opetated s@ dsstogretairmapressure of
7.0 MPa (gauge) by operating pressure control valve 39. The ammonia concentration and the amount
of air supplied Wervarisd with ¥ve fapsebftRE treatment irme. TREtreatient EBRAIGOAS are
presented in Table 22. The treatment.results were as.shown.in Tahle 23 an ble 24. [0232]
(Example 435 2 e TR o o0 P SO St DU et S ipaed By i diation on a
composite gxide gf eerym-oxide (Ca@2)1and indiumoxige, (8202):prepared by Ga-precipitation
method. A dinitrodiammine platinum nitrate solution and lanthanum nitrate were used as precursors.
The catalyst ebtained: aftet ke supporinglysimpregnationr weas caldined at500C0oih i Bnd was
subjected to hydrogen reduction at 300C. Thus, the catalyst was gbtained. The composition of the

catalyst thu8 OBEAREd T indic&ted It Thb 25,9825 31 (Cotparaive Exahipie 49331 Ruthenium (Ru)
and lanthanym oxide (Lag03) were supported iy, impregpation, on a.commerciglly: ayailable silica

alumina. Ruthenium nitrate and lanthanum nitrate were used as precursors. The catalyst obtained

after the suppeftingdy impreghrationcwas skbjestedrtothysiiogeniieduetionoati300e, angthus the
catalyst was obtained. The composition of the catalyst thus obtained is indicated in Table 25. [0234]
(Waste watBr g6&thiertt méthdadp)e 8. When the pre-catalyst is used in

combination with a post-catalyst during the waste water

treatment, the effect of the present invention can be obtained.
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A treatment apparatus such as shown in FIG. 4 was used, the column reactor 35 was packed
with 1 liter each of the catalysts obtained in Example 4-3 and Comparative Example 4-3, and
the treatment was continuously carried out for 900 hours under the treatment conditions
described below. The experiment method and results will be described in detail below. The
waste water subjected to the treatment was aqueous ammonia and monoethanolamine , and
the waste waternowas fed under pressure by waste water supply pump 32 through waste water
supply line 31 at a flow rate of 2 liters/hr. On the other hand, air that had been pressurized in a
compressor was suppfiéd thr8ligh oxidizing agent supply line 33. This gas-liquid mixture was

heated in a heat exchanger B4, Gndlthen the faixtr@widsintrodued MiPthe Zofumime@atfisr: O Nb20s[B120s | Ni0

35 packed with a catalyst 35.1, and was subjected to a wet oxidatiofiteestfnent at a treatment

temperaturg& st 250€. Thé liquid to| bé freated was cooled by heat exchanger 34' and cooler

36, and theRxwasoihtroduéed i6t® dasdiquid $eparator 37. In the gas-liquid separatpr 37, the

liquid surfa@ewas detectéd|bysa liquid surface controller (LC)| and a|constant bquid surface

was retainee:bynpperating liquid surfage control valve 38. At the same tigne, the pressure|was

detected byra prgssure controfler (PC), and the apparatus was operated so|as to retasn a

pressure oA MR 2 (gaugs) By operating pressure control vdlve 39 The concentrations |of 5

ammonia ard menoethanolamipe were varied with the lapse of the treatment timef The

treatment dpndifigns age presenied ingTable 26. [The treatmenf resulis were(as shqwn in Jable

27.[0235] [fable AW CatalysgiRemarks Base material comppnent Nletal supported Amaunt 5
supported EXaMPI& 214 30 | 40 | 5 | 25

Example 2-15 50 | 30 5 15

Example 2-16| 25 30 37 4 4

Example 2-17 10 60 30

Example 2-18] 45 5 29 7 14

Example 2-19| 2 60 13 25
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4-1 TiOs Ru-ZrOs 1.3 mass%(Ru) 3.5 mass%(Zr08) Supported by impregnation Example 4-2
Fe803-Bi803 Pd-CeOs 0.8mass%(Pd) 5.5 mass%(Ce08) Supported by impregnation

[0204]

As for the pre-catalysts, a treatment test for a
monoethanolamine-containing waste water, was performed by
using an autoclave having a capacity of 1 liter. The treated
solution had a COD (Cr) concentration of 12 g/liter, and
contained 8.8 g/liter of monoethanolamine. The total nitrogen
concentrationwas 2 g/liter. The catalyst was used in an amount
of 20 g. The wet oxidation treatment was carried out using 0.25
liters of the waste water, at a treatment temperature of 250°C
for 3 hours, by introducing air so as to obtain a reaction
pressure of 7.4 MPa (gauge). The results were obtained as
described in FIG. 3.

[0205]

(Comparative Example 2-1)

A column reactor was packed only with 1.2 liters of a
catalyst which contained titania as a main component of the base
material and contained 0.6% by mass of ruthenium. Other than
that, the treatment was carried out under the same conditions
as those used in Example 2-1. That is, only the post-catalyst
used in Example 2-1 was used in an amount of 1.2 liters.
[0206]

The COD (Cr) concentration of the treated liquid which
was obtained after 50 hours was 68 mg/liter, and the total
nitrogen concentration was 79 mg/liter. However, the
treatment performance deteriorated thereafter, as a results,
the COD (Cr) concentration of the treated liquid after 1000

hours was 1407 mg/liter, while the total nitrogen concentration
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[0236] [Table 21] Catalyst Remarks  Base material component Metal supported Amount

was 1340 mg/liter. After completion of the treatment, the
catalyst removed from the column reactor was analyzed, and it
was found that the content of ruthenium had decreased to 0.12%
by mass.

[0207]

(Comparative Example 2-2)

Only the pre—-catalyst used in Example 2-1 was packed in
a column reactor in an amount of 1.0 liter, and the treatment
was carried out under the same conditions as those used in
Example 2-1. The COD (Cr) concentration of the treated liquid
which was obtained after 50 hours was 416 mg/liter, and the total
nitrogen concentration was 3400 mg/liter. As residual
nitrogen components, 3290 mg/liter of ammoniacal nitrogen and
69mg/liter of nitrate nitrogen were present, and the conversion
ratio of nitrogen-containing compounds was 98.9%.

[0208]

(Example 3-1)

A treatment apparatus such as shown in FIG. 4 was used,
its column reactor 35 was packed with 1 liter of the catalyst
described below, and the treatment was continuously carried out
for 1200 hours under the treatment conditions described below.
The experiment method and results will be described in detail
below. One liter of a catalyst in which ruthenium was supported
on a base material formed from oxides of titanium, cerium and
manganese was used. The base material formed from oxides of
titanium, cerium and manganese was obtained as a composite oxide,

by dissolving 1300 g of titanyl sulfate as a water—-soluble salt
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supported Comparative Example 4-1 Al203 Ir 1.5 mass% Supported by impregnation Comparative
Example 4-2 Fe203 Pt 1.0 mass% Supported by impregnation *No calcination

of titanium, 25 g of cerium nitrate hexahydrate as a
water-soluble salt of cerium, and 50 g of manganese nitrate
hexahydrate as a water—-soluble salt of manganese, in 2000 g of
water, adjusting the pH to 9.5 using aqueous ammonia as an
alkaline substance, obtaining a precipitate, subsequently
drying this precipitate for 20 hours at 150°C, and calcining
the dried precipitate for 3 hours at 500°C (prepared by
co—-precipitation method). The composition of the base
material was that the mass ratio of titanium, cerium and
manganese in terms of their oxides was 75:10:15. 100 g of the
composite oxide thus obtained was immersed in 36.4 g of an
aqueous solution of ruthenium nitrate (ruthenium
concentration: 3.9% by mass) as a water—-soluble ruthenium salt,
and the immersed composite oxide was dried for 24 hours at 90°C
and calcined for 3 hours at 300°C. Thus, a catalyst having
ruthenium supported on the composite oxide was obtained. The
amount of supported ruthenium was 1.4% by mass.

[0209]

The waste water subjected to the treatment was agqueous
ammonia, and the waste water was fed under pressure by waste
water supply pump 32 through waste water supply line 31 at a
flow rate of 1 liter/hr. On the other hand, air that had been
pressurized in a compressor was supplied through oxidizing
agent supply line 33. This gas-liquid mixture was heated in
heat exchanger 34, and then the mixture was introduced into the
column reactor 35 packed with a catalyst 35.1, and was subjected

to the wet oxidation treatment at a treatment temperature of
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in air [0237] [Table 22] Elapsed treatment time hr 0-300 300-600 600-900 900-1200 Ammoniacal
nitrogen concentration g/L 4.0 2.2 2.2 4.0 Amount of air supplied

250°C. The liquid to be treated was cooled by heat exchanger
34' and cooler 36, and then was introduced into gas-liquid
separator 37. In the gas-liquid separator 37, the liquid
surface was detected by a liquid surface controller (LC), and
a constant ligquid surface was retained by operating liquid
surface control valve 38. At the same time, the pressure was
detected by a pressure controller (PC), and the apparatus was
operated so as to retain a pressure of 7.0 MPa (gauge) by
operating pressure control valve 39. The ammonia
concentration and the amount of air supplied were varied with
the lapse of the treatment time. The treatment conditions are
presented in Table 9.
[0210]

The treatment results were as shown in Table 10.
[0211]

[Table 9]
Example Elapsed treatment
3-1 time (hr) 0-300 |300-600|600-900|900-1200
Ammoniacal nitrogen
concentration (g/L)

4.0 2.2 2.2 4.0

Amount of air
supplied (L (N)/h)
Theoretical oxygen
demand (g/L) 6.9 3.8 3.8 6.9
Amount of oxygen
supplied/theoretic
al oxygen demand
(times) 1.1 2.0 4.0 1.1

25.1 25.1 50.3 25.1

[0212]

[Table 10]
Elapsed time (hr) 300 600 900 1200

Total nitrogen treatment
efficiency (%)

Example
3-1
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204011

L(N)/h 25.1 25.1 50.3 25.1 Theoretical oxygen demand g/L 6.9 3.8 3.8 6.9 Amount of oxygen
supplied/theoretic al oxygen demand times 1.1

(mg/L)

Amount of residual
ammoniacal nitrogen

28

32

Amount of nitrate
nitrogen produced (mg/L)

36

477

238

33

Amount of nitrite
nitrogen produced (mg/L)

11

16

10

[0213]

(Example 3-2)

The catalyst indicated in Table 11 was used, and the same

waste water as that used in Example 3-1 was treated under the

same treatment conditions as those used in Example 3-1.

treatment results were as shown in Table 12.

The

The method for

preparing the catalyst was amethod including supporting a metal

to be supported,

on the composite oxide obtained by

co-precipitation method in the same manner as in Example 3-1,

according to the same procedure as that used in Example 3-1.

[0214]
[Table 11]
Catalyst

Base material Metal |Amount of Remarks

component supported| support
Example | Fe,0,-Ce0,-Zn0 Pt 0.9 masss| Supported by
3-2 impregnation
[0215]
[Table 12]

Elapsed time (hr) 300 600 900 1200
Totél.nltrog?n treatment Example 99 .1 97 .2 88 8 | 989
efficiency (%) 3-3
Amount of residual Example 10 0 0 13
ammoniacal nitrogen (mg/L) 3-3
Amount of nitrate nitrogen | Example

2 1 247
produced (mg/L) 3-3 3 6 30
Amount of nitrite nitrogen | Example 5 0 0 3
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[0238] [Table 23] Elapsed time(hr) 300 600 900 1200 Total nitrogen treatment efficiency (%) Example
4-198.597.2 93.7 98.4

produced (mg/L) 3-3

[0216]

(Examples 3-3 to 3-4)

The treatment of ammonia and monoethanolamine was carried
out using the respective catalysts indicated in Table 13. The
treatment was continuously carried out for 900 hours. The waste
water was fed under pressure by waste water supply pump 32
through waste water supply line 31 at a flow rate of 2 1iters/hr.
On the other hand, air that had been pressurized in a compressor
was supplied through oxidizing agent supply line 33. The
concentrations of ammonia and monoethanolamine, and the amount
of air supplied were varied with the lapse of the treatment time,
and for other treatment conditions, the same conditions as those
used in Example 3-1 were employed. The treatment conditions
are presented in Table 14. The method for preparing the
catalyst was a method including supporting a metal to be
supported, on the composite oxide obtained by co-precipitation
method in the same manner as in Example 3-1, according to the

same procedure as that used in Example 3-1.

[0217]
The treatment results were as shown in Table 15.
[0218]
[Table 13]
Catalyst
M 1
Base material eta Amount of Remarks
supporte
component 4 support
Example CeOs— Supported by
Pd 1.2 %
3-3 72r0,-La,03-Y,03 mass impregnation
Example | Fe,03-In,03-Ti0O; Rh 0.5 mass%| Supported by
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Example 4-2 98.8 98.8 92.1 98.6 Amount of residual ammoniacal nitrogen (mg/L) Example 4-1 14 7 O
17 Example 4-2 25 8

3-4 impregnation
[0219]
[Table 14]
Elapsed treatment time (hr) 0-300 300-600 | 600-900
Ammonia concentration (NH'') (g/L) 3.9 2.3 3.9
MEA concentration (g/L) 2.2 1.1 2.2
Total nitrogen concentration (g/L) 3.5 2.0 3.5
Amount of air supplied (L(N) /h) 65.3 65.3 65.3
Theoretical oxygen demand (g/L) 8.9 4.9 8.9
Amount of oxygen
supplied/theoretical oxygen demand
(times) 1.1 2.0 1.1
[0220]
[Table 15]
Elapsed time (hr) 300 600 900
, Example | o6 5 | 96.0 | 96.3
Total nitrogen treatment 3-3
ffici %
efficiency (%) Example 98 7 98 .2 98 .7
3-4
. . | Example| 43 19 110
Residual ratio of ammoniacal 3-3
it L
nitrogen (mg/L) Example 19 28 a5
3-4
. - Example 9 50 12
Amount of nitrate nitrogen 3-3
produced (mg/L) Example
5 7 7
3-4
. . Example |, 12 8
Amount of nitrite nitrogen 3-3
produced (mg/L) Example
3 2 4
3-4
[0221]

(Comparative Examples 3-1 to 3-2)
The catalysts indicated in Table 16 were used, and the
same waste water as that used in Example 3-1 was treated under

the same treatment conditions as those used in Example 3-1. The
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0 22 Amount of nitrate nitrogen produced (mg/L) Example 4-1 45 53 133 40 Example 4-2 1113171
16 Amount of nitrite

treatment results were as shown in Table 17. The catalysts of
the Comparative Examples were catalysts obtained by supporting
an aqueous solution containing a waster-soluble salt of the
metal to be supported as a precursor, on the base material

indicated in Table 16 according to impregnation method.

[0222]
[Table 16]
Catalyst
Basg Metal Amount of Remarks
material supported support
component bp PP
Comparative Tio, Ir 0.8 masss ?upported'by
Example 3-1 impregnation
Comparative Fe,0s Pt 1.2 masss ?upported'by
Example 3-2 impregnation
[0223]
[Table 17]
Elapsed time (hr) 300 600 900 1200
Comparative

Total nitrogen 94.5 74.0 64.6 94.9
treatment efficiency

(%)

Example 3-1

Comparative

. 75. . .
Example 3-2 95.2 5.2 67.6 90.6

C t
Amount of residual omparative 58 38 0 70
. . Example 3-1
ammoniacal nitrogen Com oy
(mg/L) omparative s 6 0 226

Example 3-2

Comparative

Example 3-1 129 469 708 114

Amount of nitrate
nitrogen produced

(mg/L)

Comparative

Example 3.2 | 196 | 507 | 675 | 121

Comparative

Amount of nitrite 33 64 70 19
, Example 3-1
nitrogen produced Comparative
r iv
L
(mg/L) Example 3-2 21 33 37 29
[0224]

(Comparative Examples 3-3 to 3-4)
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nitrogen produced (mg/L) Example 4-1 2258 Example 4-2 12 53 17 [0239] [Table 24]
Elapsed time (hr)

The catalysts indicated in Table 18 were used, and the
same waste water as that used in Examples 3-3 and 3-4 was treated
under the same treatment conditions as those used in Examples
3-3 and 3-4. The treatment results were as shown in Table 19.
The catalysts of the Comparative Examples were catalysts
obtained by supporting an aqueous solution containing a
waster—-soluble salt of the metal to be supported as a precursor,
on the base material indicated in Table 18 according to

impregnation method.

[0225]
[Table 18]
Catalyst
Basg Metal Amount of Remarks
material supported support
component bp bp
Comparative Mno, Rh 0.7 masss supported.by
Example 3-3 impregnation
Comparative Ti0, RU 1.0 masss Supported.by
Example 3-4 impregnation
[0226]
[Table 19]
Elapsed time (hr) 300 600 900
Comparative

Total nitrogen 91.3 68.1 89.0
treatment efficiency

5)

Example 3-3

Comparative

Example 3-4 92.0 74.0 91.8

Comparative

Amount of residual 90 14 173
. . Example 3-3

ammoniacal nitrogen Com five

(mg/L) ompara 143 54 150

Example 3-4

Comparative

Example 3-3 181 569 190

Amount of nitrate
nitrogen produced

Comparative

L
(mg/L) Example 3-4 108 388 99
Amount of nitrite Comparative 34 55 59
nitrogen produced Example 3-3
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300 600 900 1200 Total nitrogen treatment efficiency (%) Comparative Example 4-1 94.5 74.0

(mg/L) Comparative

Example 3-4 29 78 37

[0227]

(Example 4-1)

Ruthenium (Ru) (1.3% by mass) and zirconium oxide (Zr0;)
(3.5% by mass) were supported by impregnation on titanium oxide
(Ti0,) . Ruthenium (Ru) nitrate and zirconium nitrate were used
as precursors. The catalyst obtained after the supporting by
impregnation was calcined for 3 hours at 300°C in air, and was
subjected to hydrogen reduction in a gas mixture of hydrogen
and nitrogen (hydrogen: 5% by volume) for 3 hours at the same
temperature. Thus, a catalyst was obtained. The composition
of the catalyst thus obtained is indicated in Table 20.
[0228]

(Example 4-2)

Palladium (Pd) (0.8% by mass) and cerium oxide (CeO,)
(5.5% by mass) were supported by impregnation on a composite
oxide of iron oxide (Fe;03) and bismuth oxide (Bi;03) [mass ratio
of iron oxide:bismuth oxide = 85:15] prepared by
co-precipitationmethod. Palladiumnitrate and ceriumnitrate
were used as precursors. The catalyst obtained after the
supporting by impregnation was calcined for 4 hours at 400°C
in air, and was subjected to hydrogen reduction in a gas mixture
of hydrogen and nitrogen (hydrogen: 5% by volume) for 3 hours
at 300°C. Thus, a catalyst was obtained. The composition of
the catalyst thus obtained is indicated in Table 20.
[0229]

(Comparative Example 4-1)
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64.6 94.9 Comparative Example 4-2 95.2 75.2 67.6 90.6 Amount of residual ammoniacal nitrogen
(mg/L) Comparative Example 4-1 58 38 0

Iridium (Ir) (1.5% by mass) was supported by impregnation
on aluminum oxide (Al;03). An iridiumnitrate solution was used
as a precursor. The catalyst obtained after the supporting by
impregnation was calcined for 3 hours at 400°C in air, and was
subjected to hydrogen reduction in a gas mixture of hydrogen
and nitrogen (hydrogen: 5% by volume) for 2 hours at 300°C. Thus,
a catalyst was obtained. The composition of the catalyst thus

obtained is indicated in Table 21.

[0230]

(Comparative Example 4-2)

Platinum (Pt) (1.0% by mass) was supported by
impregnation on iron oxide (Fe;03). Adinitrodiammine platinum

nitrate solution was used as a precursor. The catalyst obtained
after the supporting by impregnation was subjected to hydrogen
reduction in a gas mixture of hydrogen and nitrogen (hydrogen:
5% by volume) for 3 hours at 300°C, and thus the catalyst was
obtained. The composition of the catalyst thus obtained is
indicated in Table 21.

[0231]

(Waste water treatment method 1)

A treatment apparatus such as shown in FIG. 4 was used,
the column reactor 35 was packed with 1 liter each of the
catalysts obtained in Examples 4-1 and 4-2 and Comparative
Examples 4-1 and 4-2, and the treatment was continuously carried
out for 1200 hours under the treatment conditions described
below. The experiment method and results will be described in

detail below. The waste water subjected to the treatment was
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70 Comparative Example 4-2 15 6 0 226 Amount of nitrate nitrogen produced (mg/L) Comparative
Example 4-1 129 469 708 114

aqueous ammonia, and the waste water was fed under pressure by
waste water supply pump 32 through waste water supply line 31
at a flow rate of 1 liter/hr. On the other hand, air that had
been pressurized in a compressor was supplied through oxidizing
agent supply line 33. This gas-liquid mixture was heated in
heat exchanger 34, and then the mixture was introduced into the
column reactor 35 packed with a catalyst 35.1, and was subjected
to a wet oxidation treatment at a treatment temperature of 250°C.
The liquid to be treated was cooled by heat exchanger 34' and
cooler 36, and then was introduced into gas-liquid separator
37. In the gas-liquid separator 37, the liquid surface was
detected by a liquid surface controller (LC), and a constant
liquid surface was retained by operating liquid surface control
valve 38. At the same time, the pressure was detected by a
pressure controller (PC), and the apparatus was operated so as
to retain a pressure of 7.0 MPa (gauge) by operating pressure
control valve 39. The ammonia concentration and the amount of
air supplied were varied with the lapse of the treatment time.
The treatment conditions are presented in Table 22. The
treatment results were as shown in Table 23 and Table 24.
[0232]

(Example 4-3)

Platinum (Pt) and lanthanum oxide (La03) were supported
by impregnation on a composite oxide of cerium oxide (CeO;) and
indium oxide (Iny;03) prepared by co-precipitation method. A
dinitrodiammine platinum nitrate solution and lanthanum

nitrate were used as precursors. The catalyst obtained after
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Comparative Example 4-2 156 507 675 121 Amount of nitrite nitrogen produced (mg/L) Comparative
Example 4-1 33 64 70 19

the supporting by impregnation was calcined at 500°C in air,
and was subjected to hydrogen reduction at 300°C. Thus, the
catalyst was obtained. The composition of the catalyst thus
obtained is indicated in Table 25.

[0233]

(Comparative Example 4-3)

Ruthenium (Ru) and lanthanum oxide (La,03) were supported
by impregnation on a commercially available silica alumina.
Ruthenium nitrate and lanthanum nitrate were used as precursors.
The catalyst obtained after the supporting by impregnation was
subjected to hydrogen reduction at 300°C, and thus the catalyst
was obtained. The composition of the catalyst thus obtained
is indicated in Table 25.

[0234]

(Waste water treatment method 2)

A treatment apparatus such as shown in FIG. 4 was used,
the column reactor 35 was packed with 1 liter each of the
catalysts obtained in Example 4-3 and Comparative Example 4-3,
and the treatment was continuously carried out for 900 hours
under the treatment conditions described below. The
experiment method and results will be described in detail below.
The waste water subjected to the treatment was agqueous ammonia
and monoethanolamine, and the waste water was fed under pressure
by waste water supply pump 32 through waste water supply line
31 at a flow rate of 2 liters/hr. On the other hand, air that
had been pressurized in a compressor was supplied through

oxidizing agent supply line 33. This gas—-liquid mixture was
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Comparative Example 4-2 21 33 37 29 [0240] [Table 25] Catalyst Remarks Base material
component Metal

heated in a heat exchanger 34, and then the mixture was
introduced into the column reactor 35 packed with a catalyst
35.1, and was subjected to a wet oxidation treatment at a
treatment temperature of 250°C. The liquid to be treated was
cooled by heat exchanger 34' and cooler 36, and then was
introduced into gas-liquid separator 37. In the gas-liquid
separator 37, the liquid surface was detected by a liquid
surface controller (LC), and a constant liquid surface was
retained by operating liquid surface control valve 38. At the
same time, the pressure was detected by a pressure controller
(PC), and the apparatus was operated so as to retain a pressure
of 7.0 MPa (gauge) by operating pressure control valve 39. The
concentrations of ammonia and monoethanolamine were varied with
the lapse of the treatment time. The treatment conditions are

presented in Table 26. The treatment results were as shown in

Table 27.
[0235]
[Table 20]
Catalyst
Base material Metal Amount Remarks
component supported supported
1.3 mass% (Ru)
TV moe | e 3.5 impregnation
mass$ (Zr0y) breg
0.8 mass% (Pd)
Exzr_nl;le Fe,05-Bi0; | Pd-Ce0, 5.5 iipizrifigz
mass% (Ce0y) breg
[0236]
[Table 21]
Catalyst Remarks
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supported Amount supported Example 4-3 Ce02-1n203 Pt-La203 1.0 mass% (Pt) 5.0 mass% (La203)
Supported by impregnation Comparative Example 4-3 , 5102-Al203 Ru-La203

B
as§ Metal Amount
material supported| supported
component PP PP
Comparative o Supported by
Example 4-1 1205 tr 1.> masss impregnation
Supported by
Comparative o impregnation
Example 4-2 Fe20; Pt 1.0 mass% |, N6 calcination
in air
[0237]
[Table 22]
Elapsed treatment
time hr 0-300 |300-600|600-900(900-1200
Ammonlacallnltrogen 4.0 5 2 5 2 4.0
concentration g/L
Amount of air
25.1 25.1 . 25.1
supplied L(N)/h 2 2 0.3 2
Theoretical oxygen
demand g/L 6.9 3.8 3.8 6.9
Amount of oxygen
supplied/theoretic
al oxygen demand times 1.1 2.0 4.0 1.1
[0238]
[Table 23]
Elapsed time (hr) 300 600 900 1200
Total nitrogen Example 4-1| 98.5 | 97.2 | 93.7 | 98.4
treatment efficiency
(%) Example 4-2| 98.8 | 98.8 | 92.1 | 98.6
Amount of residual Example 4-1 14 7 0 17
ammoniacal nitrogen
(mg/1L) Example 4-2 25 8 0 22
Amount of nitrate Example 4-1 45 53 133 40
nitrogen produced
(ng/L) Example 4-2 11 13 171 16
Amount of nitrite Example 4-1 2 2 5 8
nitrogen produced 5 5
(mg/1L) Example 4- 1 5 3 17
[0239]
[Table 24]
Elapsed time (hr) 300 600 900 1200
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1.6 mass% (Ru) 4.0 mass% (La203) Supported by impregnation * No calcination in air [0241] [Table
26] Elapsed treatment time hr 0-300 300-600 600-900 Ammonia concentration

Total nitrogen comparative | g, 5 | 54 0| 64.6| 94.9
o7 Example 4-1
treatment efficiency c g
o omparative
(%) Example 4-2 95.2 | 75.2 | 67.6 | 90.6
C ti
Amount of residual ompatrative 58 38 0 70
i . Example 4-1
ammoniacal nitrogen Comparative
L 1 22
(mg/L) Example 4-2 2 6 0 6
Amount of nitrate | ComParative i,q | 469 | 708 | 114
) Example 4-1
nitrogen produced c g
(mg/L) omparative | 156 | 507 | 675 | 121
Example 4-2
C ti
Amount of nitrite ompatatLve 33 64 70 19
. Example 4-1
nitrogen produced Comparative
rativ
L
(mg/L) Example 4-2 21 33 37 29
[0240]
[Table 25]
Catalyst Remarks
B
asg Metal Amount
material supported | supported
component PP PP
1.0 mass%
_ _ _ (Pt) Supported by
Example 4-3 Ce0,-1Iny03 Pt-Lajy0;3 5.0 massS impregnation
(Laz03)
1.6 mass% Supported by
Comparative S10,-A1.0 RU—La,0 (Ru) impregnation
Example 4-3 z z3 z73 4.0 mass% |* No calcination
(La03) in air
[0241]
[Table 26]
Elapsed treatment time hr 0-300 300-600 | 600-900
Ammonia concentration
(NH) g/L 3.9 2.3 3.9
MEA concentration g/L 2.2 1.1 2.2
Total nltrggen 3.5 5 0 3.5
concentration g/L
Amount of air supplied|L(N) /h| 65.3 65.3 65.3
Theoretical oxygen
demand g/L 8.9 4.9 8.9
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(NH) g/L 3.9 2.3 3.9 MEA concentration g/L 2.2 1.1 2.2 Total nitrogen concentration g/L 3.5 2.0 3.5

Amount of air supplied

Amount of oxygen
supplied/theoretical

oxygen demand times .1 2.0 1.1
[0242]
[Table 27]
Elapsed time (hr) 300 600 900
Total nitrogen Example 4-3| 96.5 96.0 96.3
treatment efficienc i
. Y |Comparatlve| o, 74.0 85.2
%) Example 4-3
Amount of residual |Example 4-3 103 19 110
ammoniacal nitrogen |Comparative
(mg/L) Example 4-3 143 o4 421
Amount of nitrate Example 4-3 9 50 12
nitrogen produced Comparative
(mg/L) Example 4-3 108 388 70
Amount of nitrite Example 4-3 10 12 8
nitrogen produced Comparative
(mg/L) Example 4-3 29 78 26

[0243]

(Example 5-1)

A treatment apparatus such as shown in FIG. 2 was used,
the column reactor 25 was packedwith 1.2 liters of the catalysts
described below, and the treatment was continuously carried out
for 1000 hours under the treatment conditions described below.
The experiment method and results will be described in detail
below. Here, two kinds of catalysts were used, and the catalyst
on the upstream side in the flow direction of the waste water
was installed as a pre-catalyst, while the catalyst on the
downstream side was installed as a post-catalyst.

[0244]
As the pre-catalyst, 1 liter of a catalyst prepared by

supporting by impregnation 1.3% by mass of ruthenium and 3.5%
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L(N)/h 65.3 65.3 65.3 Theoretical oxygen demand g/L 8.9 4.9 8.9 Amount of oxygen
supplied/theoretical oxygen demand times 1.1 2.0

by mass of zirconium oxide on a base material formed from
titanium oxide, was used. Ruthenium nitrate and zirconium
nitrate were used as precursors. The catalyst was obtained by
performing hydrogen reduction for 3 hours at 300°C in a gas
mixture of hydrogen and nitrogen (hydrogen: 5% by volume) at
the same temperature.

[0245]

As the post-catalyst, 0.2 liters of a catalyst which used
titanium oxide as a main component of the base material and
contained 0.4% by mass of platinum, was used.

[0246]

The COD (Cr) concentration of the waste water subjected
to the treatment was 24 g/liter, the monoethanolamine was 17.6
g/liter, and the total nitrogen concentration was 4 g/liter.
[0247]

The waste water was fed under pressure by a waste water
supply pump 22 through a waste water supply line 21 at a flow
rate of 1 liter/hr. On the other hand, air that had been
pressurized in a compressor was supplied through oxidizing
agent supply line 23 at a flow rate of 110 liters (N: standard
state) /hr. This gas—-liquid mixture was heated in heat
exchanger 24, and then the mixture was introduced into the
column reactor 25 packed with the catalysts, and was subjected
to the wet oxidation treatment at treatment temperature of 240°C.
The liquid to be treated was cooled by the heat exchanger 24
and cooler 26, and then was introduced into gas-1liquid separator

27. In the gas-liquid separator 27, the liquid surface was
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1.1 [0242] [Table 27] Elapsed time(hr) 300 600 900 Total nitrogen treatment efficiency (%) Example
4-3 96.5 96.0 96.3 Comparative

detected by a liquid surface controller (LC), and a constant
liquid surface was retained by operating liquid surface control
valve 28. At the same time, the pressure was detected by a
pressure controller (PC), and the apparatus was operated so as
to retain a pressure of 7.0 MPa (gauge) by operating pressure
control wvalve 29.

[0248]

The COD (Cr) concentration of the treated liquid which
was obtained after 50 hours was 27 mg/liter, and the total
nitrogen concentration was 47 mg/liter. Thereafter, the
treatment was continued from the start to 1000 hours past, but
decrease in the treatment performance was not recognized
particularly. The COD (Cr) concentration of the treated liquid
after a lapse of 1000 hours was 52 mg/liter, and the total
nitrogen concentration was 66 mg/liter.

[0249]

(Example 5-2)

A treatment apparatus such as shown in FIG. 2 was used,
its column reactor 25 was packedwith 1.2 liters of the catalysts
described below, and a treatment was continuously carried out
for 1000 hours under the treatment conditions described below.
The experiment method and results will be described in detail
below. Here, two kinds of catalysts were used, and the catalyst
on the upstream side in the flow direction of the waste water
was installed as a pre-catalyst, while the catalyst on the
downstream side was installed as a post-catalyst.

[0250]
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Example 4-3 92.0 74.0 85.2 Amount of residual ammoniacal nitrogen (mg/L) Example 4-3 103 19 110
Comparative Example 4-3 143 54 421

As the pre-catalyst, 1 liter of a catalyst prepared by
supporting by impregnation 0.9% by mass of palladium on a base
material formed from oxides of cerium, zirconium and iron (mass
ratio of cerium oxide:zirconium oxide:iron oxide = 7:25:68) was
used. Palladiumnitrate was used as a precursor. The catalyst
was obtained by performing hydrogen reduction for 2 hours at
300°C in a gas mixture of hydrogen and nitrogen (hydrogen: 5%
by volume) .

[0251]

As the post-catalyst, 0.2 liters of a catalyst containing
0.4% by mass of platinum on a base material formed from oxides
of iron and titanium (mass ratio of iron oxide:titanium oxide
= 85:15) was used.

[0252]

The COD (Cr) concentration of the waste water subjected
to the treatment was 24 g/liter, N-methylpyrrolidone was 13.8
g/liter, and the total nitrogen concentration was 2 g/liter.
[0253]

The waste water was fed under pressure by waste water
supply pump 22 through waste water supply line 21 at a flow rate
of 0.8 liters/hr. On the other hand, air that had been
pressurized in a compressor was supplied through oxidizing
agent supply line 23 at a flow rate of 90 liters (N: standard
state) /hr. This gas-liquid mixture was heated in heat
exchanger 24, and then the mixture was introduced into the
column reactor 25 packed with the catalysts, and was subjected

to the wet oxidation treatment at a treatment temperature of
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Amount of nitrate nitrogen produced (mg/L) Example 4-3 9 50 12 Comparative Example 4-3 108 388
70 Amount of nitrite nitrogen produced (mg/L) Example 4-3

240°C. The liquid to be treated was cooled by the heat exchanger
24 and cooler 26, and then was introduced into gas-liquid
separator 27. In the gas-liquid separator 27, the liquid
surface was detected by a liquid surface controller (LC), and
a constant ligquid surface was retained by operating liquid
surface control valve 28. At the same time, the pressure was
detected by a pressure controller (PC), and the apparatus was
operated so as to retain a pressure of 7.0 MPa (gauge) by
operating pressure control valve 29.

[0254]

The COD (Cr) concentration of the treated liquid which
was obtained after 50 hours was 72 mg/liter, and the total
nitrogen concentration was 94 mg/liter. Thereafter, the
treatment was continued from the start to 1000 hours past, but
decrease in the treatment performance was not recognized
particularly. The COD (Cr) concentration of the treated liquid
after a lapse of 1000 hours was 82 mg/liter, and the total

nitrogen concentration was 98 mg/liter.

Industrial Applicability
[0255]

The present invention can be used in the treatment of waste
water. Particularly, the present invention is effective in the
treatment of industrial waste water and a waste water containing
nitrogen compounds and the like, and in the wet oxidation
treatment of nitrogen-containing compounds in waste water.

[0256]
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10 12 8 Comparative Example 4-3 29 78 26 [0243] (Example 5-1) A treatment apparatus such as
shown in FIG. 2 was used, the column reactor 25 was packed with 1.2 liters of the catalysts described
below, and the treatment was continuously carried out for 1000 hours under the treatment conditions
described below. The experiment method and results will be described in detail below. Here, two kinds
of catalysts were used, and the catalyst on the upstream side in the flow direction of the waste water
was installed as a pre-catalyst, while the catalyst on the downstream side was installed as a
post-catalyst. [0244The pthedrelcatalpstl atlitésofer cadlyst prazrag by stpperting by
impregnation 1.3% by mass_of rut@@nium and 3.5% bﬁtmass of zircgnium oxide on a base material

formed from kit okide, \as %1 d- %38}%?1%5%& & sﬁ(?@ﬁ%ni%%‘i ritrate we Gt &s |
pr_eCUrsorsﬁah?e??@%(%%‘é&@i%ﬂe%gy pesiopmingRydrogen tedygtion for g hoyps gt 300C in a gas
mixture of hydrogen and nitrogen (hydrogen: 5% by volume) at the same temperature.

Japanese Patent Application No. 2010-076662 filed March 30,

2010; and Japanese Patent Application No. 2010-108363 filed May

10, 2010, the entire disclosures of which are incorporated

herein by reference.

Reference Signs List

[0257]
1 COLUMN REACTOR
2 ELECTRIC HEATER
3 HEATER
4 COOLER
5 WASTE WATER SUPPLY PUMP
6 WASTE WATER SUPPLY LINE
7 ALKALT SUPPLY PUMP
8 ALKALI SUPPLY LINE
9 COMPRESSOR
10 OXYGEN-CONTAINING GAS SUPPLY LINE
11 OXYGEN-CONTAINING GAS FLOW RATE CONTROL VALVE
12 TREATED LIQUID LINE
13 GAS-LIQUID SEPARATOR
14 PRESSURE CONTROL VALVE
15 LIQUID SURFACE CONTROL VALVE
16 GAS DISCHARGE LINE
17 TREATED LIQUID DISCHARGE LINE
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[0245] As the post-catalyst, 0.2 liters of a catalyst which used titanium oxide as a main component
of the base material and contained 0.4% by mass of platinum, was used. [0246] The COD (Cr)
concentration of the waste water subjected to the treatment was 24 g/liter, the monoethanolamine was
17.6 glliter, and the total nitrogen concentration was 4 g/liter. [0247] The waste water was fed
under pressure by a waste water supply pump 22 through a waste water supply line 21 at a flow rate
of 1 liter/hr. On the other hand, air that had been pressurized in a compressor was supplied through
oxidizing agent supply line 233t & oI e DPREOD Yitdr$ XN: standard state)/hr. This gas-liquid mixture
was heated in heat exchanger 24, and then the mixture was introduced into the column reactor 25
packed with the catgtfysts, a S\Egs @ﬁgj%léte%Ut%%g wetl Oxidation treatment at treatment temperature
of 240C. The liquid g be treated ywas gooled-hy the;peat.exchanger 24 and cooler 26, and then was
introduced into gas-liquid separator 27. In the gas-liquid separator 27, the liquid surface was detected
by a liquid surface controllenfla@), mxdrsomstant liquid surface was retained by operating liquid
surface control valve 28. At the same time, the pressure was detected by a pressure controller (PC),
and the apparatus was opefated 5645 w'Yetdififa prés&ure of 7.0 MPa (gauge) by operating pressure
control valve 29. [0%;4?8]1 o TJ%@C%%'?L %concentration of the treated liquid which was obtained after
50 hours was 27 mg/liter, ang he total nitrogen concentration was 47 mg/liter. Thereafter, the
treatment was contingled frem dhe skarhioytd00 hours past, but decrease in the treatment performance
was not recognized particularly. The COD (Cr) concentration of the treated liquid after a lapse of 1000
hours was 52 mg/lites, and tHeltioEal nitrogen concentration was 66 mg/liter. [0249] (Example 5-2)

A treatment apparatus such as shown in FIG. 2 was used, its column reactor 25 was packed with 1.2
liters of the catalyst$ Hescried beidw dhd°s freBfmMeRt was continuously carried out for 2000 hours
under the treatment,conditi cri w erl method and results will be described
in detail below. Her%(,étwo k%@%iﬁameﬁergﬁgzgégnm c%atalyst on the upstream side in the
flow direction of thepwaste water; wasrnsialletas apreveatalyst, while the catalyst on the downstream
side was installed as a post-catalyst. [0250] As the pre-catalyst, 1 liter of a catalyst prepared by
supporting by impreghation'h8§%-byaidss of palladiubtdf a base material formed from oxides of
cerium, zirconium and iron (mass ratio of cerium oxide;zirconium oxide:iron oxide = 7:25:68) was

used. Palladium nitrite wa @sgﬁaéqﬁﬁgc&rggﬁ%ep (L,Jﬁ/fglyst was obtained by performing hydrogen
reduction for 2 hours-at 300G, ina gag mixtre of Rydrogen;angnitrogen (hydrogen: 5% by volume).

[0251] As the post-catalyst, 0.2 liters of a catalyst containing 0.4% by mass of platinum on a base
material formed from4gxides of ironandTtitamioAr(aass ratio of iron oxide:titanium oxide = 85:15) was

used. [0252]
35 COLUMN REACTOR

35.1 CATALYST

36 HEAT EXCHANGER

37 GAS-LIQUID SEPARATOR

38 LIQUID SURFACE CONTROL VALVE
39 PRESSURE CONTROL VALVE
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The COD (Cr) concentration of the waste water subjected to the treatment was 24 g/liter,
N-methylpyrrolidone was 13.8 g/liter, and the total nitrogen concentration was 2 g/liter. [0253] The
waste water was fed under pressure by waste water supply pump 22 through waste water supply line
21 at a flow rate of 0.8 liters/hr. On the other hand, air that had been pressurized in a compressor was
supplied through oxidizing agent supply line 23 at a flow rate of 90 liters (N: standard state)/hr. This
gas-liquid mixture was heated in heat exchanger 24, and then the mixture was introduced into the
column rea€tbe 28packed with the catalysts, and was subjected to the wet oxidation treatment at a
treatment temperature of 240C. The liquid to be treated was cooled by the heat exchanger 24 and
cooler 26, and then was introduced into gas-liquid separator 27. In the gas-liquid separator 27, the
liquid surfage was detected fiy.a liguid sprface cantroller (1.C). and:a constant liquid surface was
retained by operating liquid surface control valve 28. At the same time, the pressure was detected by a
pressure caomtroien @) ,2gnd the apparatuswas ©petated so-as to retain aprassurel efct.8dMPa
(gauge) by operating pressure control valve 29. [0254] The COD (Cr) concentration of the treated
liquid whichfWag! dBtgineP aRet BOHctird Was 72 irfliter 1&ad thetotal Aitogen edndehtidtion was 94
mg/liter. Ther.eraétgrrl,.th% g%%trgegt. was %on%siréuseg fr%m the esrt%rgo 1 O?Qgg{s C?gsté?lét d% rease in the
treatment péﬁ‘ormaﬁéle was no?relc%ghize partlcuﬁaﬁfellhe D (Cr) concen ration of the treated
liquid after a lapserQfd QQQ,hoursawgs 82omaditer, andthedetal initregen goneentration was 98 mglliter.
Industrial Applicability [0255] The present invention can be used in the treatment of waste water.
Particularly pthelprésent, invéntibinus effective ini thre teeatment of industrial waste water and a waste
water containing nitrogen compounds and the like, and in the wet oxidation treatment of

nitrogen-containing“CoRfsothddin Gradte (WaterY[6956] °f thenePresartihventid R S543Ed on

Japanese Patent.Application No. 2009-290441 filed December 22, %%9; Japanese Patent Application
No. 2010-039’é§2‘11ﬂ|ega'&|\§§rﬁm30f,rz%%;t Spé’ﬁlets%rpé’t%ﬁt%?\%%ié’agtio% 0.05011%:0§§66%‘%Ied March 30,

2010; and Japapese fatent Application N 2000-108363:filed May 10 208Qtbeantirg disclosures of
which are incorporated herein by reference. Reference Signs List [0257] 1COLUMN REACTOR
2ELECTRIOQ HEATER IHEATER4COOEER1id acid content of the oxide of the

component A is 0.20 mmol/g or greater.

2. A catalyst for waste water treatment according to claim
1, comprising 95% to 99.95% by mass of the component A, and 0.05%
to 5% by mass of the component B (the sum of the component A
and the component B is 100% by mass),

wherein the component A contains 4.95% to 95% by mass of
iron as an oxide, and 4.95% to 95% by mass of at least one element
selected from the group consisting of titanium, silicon,
aluminum, zirconium and cerium, as an oxide (provided that the
sum of the oxide of iron and the oxide of the at least one element
selected from the group consisting of titanium, silicon,
aluminum, zirconium and cerium is 95% to 99.95% by mass with

respect to the catalyst).
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SWASTE WATER SUPPLY PUMP 6WASTE WATER SUPPLY LINE 7ALKALI SUPPLY PUMP
8ALKALI SUPPLY LINE 9COMPRESSOR 100XYGEN-CONTAINING GAS SUPPLY LINE
110XYGEN-CONTAINING GAS FLOW RATE CONTROL VALVE 12TREATED LIQUID LINE
13GAS-LIQUID SEPARATOR 14PRESSURE CONTROL VALVE 15LIQUID SURFACE CONTROL
VALVE 16GAS DISCHARGE LINE 17TREATED LIQUID DISCHARGE LINE 21WASTE WATER
SUPPLY LINE 22WASTE WATER SUPPLY PUMP 230XIDIZING AGENT SUPPLY LINE

3. A catalyst for waste water treatment according to claim
1 or 2, comprising the component B in an amount of 0.05% to 0.7%

by mass.

4. A method for treating waste water, comprising treating
a waste water containing at least one of organic compounds,
nitrogen compounds and sulfur compounds, by a wet oxidation
treatment using a catalyst for waste water treatment in the
presence of an oxidizing agent, at a temperature equal to or
higher than 80°C and lower than 370°C under a pressure condition
so as to retain the waste water in liquid phase,

wherein the catalyst for waste water treatment is: any
one of the catalyst for waste water treatment according to any
one of claims 1 to 3; a catalyst containing, as a component A',
oxides or a composite oxide of at least two selected from the
group consisting of titanium, iron, zirconium, cobalt, nickel,
cerium, lanthanum, manganese, yttrium, indium, zinc and bismuth,
and, as a component B', at least one selected from the group
consisting of silver, platinum, palladium, ruthenium, rhodium,
iridium and gold; and a catalyst formed by coating a porous

inorganic oxide with a noble metal and an activating aid.

5. A method for treating waste water according to claim 4,

wherein the waste water further contains a catalyst poisoning

material and/or an alkali metal.
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24HEAT EXCHANGER 25REACTION AND THE LIKE 25.1 PRE-CATALYST 25.2 POST-CATALYST
26COOLER 27GAS-LIQUID SEPARATOR 28LIQUID SURFACE CONTROL VALVE 29PRESSURE
CONTROL VALVE 31WASTE WATER SUPPLY LINE 32WASTE WATER SUPPLY PUMP
330XIDIZING AGENT SUPPLY LINE 34, 34'HEAT EXCHANGER 35COLUMN REACTOR 35.1
CATALYST 36HEAT EXCHANGER 37GAS-LIQUID SEPARATOR 38LIQUID SURFACE CONTROL
VALVE

6. A method for treating waste water according to claim 5,

wherein the catalyst poisoning material is phosphorus.

7. A method for treating waste water according to claim 6,
wherein the molar ratio of the alkali metal with respect to

phosphorus contained in the waste water is 3 or greater.

8. A method for treating waste water according to any one

of claims 4 to 7, wherein the pH of the waste water is 6 or higher.

9. A method for treating waste water, comprising treating
a waste water containing nitrogen-containing compounds in the
presence of an oxidizing agent, at a temperature equal to or
higher than 100°C and lower than 370°C under the pressure
conditions so as to retain the waste water in 1ligquid phase,
by using a catalyst which converts a nitrogen-containing
compound into ammoniacal nitrogen (pre-catalyst) on the
upstream side in the flow direction of the waste water, and a
catalyst on the downstream side for treating an ammoniacal
nitrogen-containing waste water (post-catalyst) on the

downstream side.

10. A method for treating waste water according to claim 9,
wherein the pre-catalyst is: any one of a catalyst containing
at least one element selected from the group consisting of

non-noble metal-based components of titanium, iron, lanthanum,

manganese, zirconium, cobalt, tin, tungsten, yttrium, indium,
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39PRESSURE CONTROL VALVE Claims 1. A catalyst for waste water treatment, comprising, as a
component A, iron and an oxide of at least one element selected from the group consisting of iron,
titanium, silicon, aluminum, zirconium and cerium, and as a component B, at least one element
selected from the group consisting of silver, gold, platinum, palladium, rhodium, ruthenium and iridium,
wherein at least 70% by mass of the component B is present within 2000 gm from the outer surface of
the oxide of the component A, the average patrticle size of the component B is 0.5 nm to 20 nm, and
the solid acidhedrténtiof theoxide of theckshporentiAiy 0 20mamaiiefongieaiarn 2. ddtalyst for
waste water treatment according to claim 1, comézrising 95% to 99.95% by mass of the component A,

and 0.05% fo 578 HASs 0t tH& 85mpoRentd (theYsUm of the'85mpoHentA ahtTRE Lo Hponent B is
100% by mass), 4 ; \yherein the sompanent A gantaing, 495% 10.95% by:mass of irga ag an oxide,
and 4.95% to 95% by mass of at least one element selected from the group consisting of titanium,
silicon, alunainiun czirgomniem@and certtiglas an-oxideo(provided thatithe suimeaf theaxtde wbiron and
the oxide of the at least one element selected from the group consisting of titanium, silicon, aluminum,
zirconium ap@ cefitftis 5% &6 9 D3YPLyIESS With Fedpdct t6 tHeBatalyst)r 31AGtdIf8tfor waste
water treatnge%taei cordin teo cIa(i:r(erl or 2, fomiasw%h% gomgggggt B iQ a}:ni%moulnrg é){ ngS% t0 0.7%
by mass. 4. A hetrod for redting Waste water, comprfsingrf%atlng d waste watér containing at least
one of orgapiccomPQURdsmitiogen-cRMpPoUNds, AR sukfyr sompaunds, by a yetxidatiqnitreatment
using a catalyst for waste water treatment in the presence of an oxidizing agent, at a temperature
equal to or higber tifem 80C @nddower thaird70C uadéra pressuae conditiopsblasitouretain the waste
water in liquid phase, wherein the catalyst for waste water treatment is: any one of the catalyst for
waste wateF HeaftRentccotdng4s any dfe BRcHIMSIP 16'3; archralyst contathing? B8%cBhponent A,
oxides or a camposite oxide, of at Ieast o seledied from, e, group. Gensising of tigpjum, iron,
zirconium, cobalt, nl%kel, cerium, Ianthaﬁum, manganese, yttrium, indium, zinc and’jBlsmuth, and, as a
component & +atdeastonesselected from the group consisting of silver, platinum, palladium,
ruthenium, rhodium, iridium and gold; and a catalyst formed by coating a porous inorganic oxide with a
noble metal and an activating aid. 5. A method for treating waste water according to claim 4, wherein
the waste water further contains a catalyst poisoning material and/or an alkali metal. wherein the

catalyst poisdriing matérat 18 fhoRFREPAE 2 A tEtHdt ot fPEafily WASE Water Aechrdifigto claim 6,
wherein thecrgggawgtgo Qgthga@g_%li@e(gqi vggh(pespg%cg? Rhpsphprus cantgined in the waste water is 3

or greater. 8. A method for treating waste water according to any one of claims 4 to 7, wherein the pH
of the waste atergs 6-ardiighen ihAdaethoddar ireating waste avatet ccomptisingi treatingha waste
water containing nitrogen-containing compounds in the presence of an oxidizing agent, at a
temperaturé @guaing /o higherthas 18D Chdrid %Rk than 370C under the pressure conditions so as to
retain the waste water in liquid phase, by using a catalyst which converts a nitrogen-containing
compound into ammoniacal nitrogen (pre-catalyst) on the upstream side in the flow direction of the

waste water;, and a catalyst on thedownsiream sidesfor tigating an-ammeniacal pittegensgantaining
waste water (post-catalyst) on the downstream side.
of claims 9 to 11, wherein the latter catalyst is: any one of
a catalyst containing, as a component A", an oxide of at least
one element selected from the group consisting of titanium, iron,
lanthanum, manganese, zirconium, cobalt, tin, tungsten,
yttrium, indium, tantalum, bismuth, nickel, cerium, zinc, and
niobium, and as a component B", the metal and/or an oxide of
at least one element selected from noble metal components of

platinum, palladium, ruthenium, rhodium, gold, silver and

iridium; the catalyst for waste water treatment according to
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10. A method for treating waste water according to claim 9, wherein the pre-catalyst is: any one of a
catalyst containing at least one element selected from the group consisting of non-noble metal-based
components of titanium, iron, lanthanum, manganese, zirconium, cobalt, tin, tungsten, yttrium, indium,
tantalum, bismuth, nickel, cerium, zinc, and niobium, and/or a compound thereof; the catalyst for waste
water treatment according to any one of claims 1 to 3; a catalyst containing, as a component A’, oxides
or a composite oxide of at least two selected from the group consisting of titanium, iron, zirconium,
cobalt, nickeh zepien Clarthanur, mangadneses gitAdms ihdiamt zineiare bisatls cambas atcomponent
B', at least one selected from the %Pg?nup ,consistin§ of silver, platinum, palladium, ruthenium, rhodium,

iridium and 9ol EhEE catal st FSHRES by Todting a porots inérgahic dXide With s Fdbie®8tal and an
activating ajd, 11,4 catalyst accerding to:claim 9,0r, 10, wherein the former gatalystis capable of
converting 90% or more of a nitrogen-containing compound in the waste water into nitrogen gas and/or
ammoniacah hitfogen.c&2 i Anmethort forireating wastecwateraccording imanyone-ohelaims 9 to 11,
wherein the latter catalyst is: any one of a catalyst containing, as a component A", an oxide of at least
one elemertseleetéd frofiithe §réup CBRASRERG 6F titaiiuhtdfdn JaRtHELAT ifidn§anEsé Narconium,
cobalt, tin, tungstenbgttriurg ingiurg,ftantallug bisn}léttgigicgel, c%ri' m zing, ar%d Jg'oé)rilum and as a
component%r', te meta %n%}organ oxide oYa%i’ea% one elemenit se eéjtéauﬂ’om noble nl11el{na1
components o platium,paladium utaenivum, Lhadiir .geld. silver anddridium thecatalyst for waste
water treatment according to any one of claims 1 to 3; a cataf{/st containing, as a component A,
oxides or apompositenoxide of atdeastéwa. sélecteddtemmthieagreuplconsistingvefttitaniwmdiron,
zirconium, cobalt, nickel, cerium, lanthanum, manganese, yttrium, indium, zinc and bismuth, and as a
component B, at least one selected from the group consisting of silver, platinum, palladium, ruthenium,
rhodium, iridiym and gold;,and a catalyst formed by coating a porous inoyganic, oxide with a noble
metal and ﬁnydctiva%r%e%g.olg%.%«orﬁe%h%edaf%o%?r%aﬁ%s E/vgz:lsvtveg ngfferaagé%c%rré{lggqo%%yagﬁfe of Claims 9 to
12, whereinghewaste yvajereontaining,sitrogentoeatajningLcompeundsdytheneenfains a COD
component.

P nitrogen-containing compounds further contains a COD

component.
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