2 9 JUN 2004 -1 - DESCRIPTION Catalyst for Deconposing O ganic Harnfu

Subst ances and Met hod for Deconposing Organi c Halides by Use Thereof
Technical field The present invention relates to a catal yst for

" deconposi ng organi c harnful substances such as organic halides. 280l 2004
specifically, the present invention relates to a catalyst for deconposing
harnful organic halides including dioxilns in an exhaust gas generated with
burning of urban garbage or industrial waste; or a treatnment of plastic
materials to nake them harm ess. Background Art It has been reveal ed
recently that organic harnful subgiEreaesiush as organi ¢ halides including
dioxins and aromatic chlorides, which are considered to be their
precursors, are contained in the gases which were exhausted fromthe
incinerators for burning out urban garbage and industrial waste or the
facilities for geathyyse midDéusmpgsinig dhganibdagefhebathncedusndi al
waste. In addition, it 1is pointed out that organic harnful substances

i ncl udi ng Hethod dorn®emodiposipy dughnoke dahidesohvalredThereld exhaust
gases through thermal treatnment of plastic materials used in home electric
appl i ances waste. Regarding the organic halides, although each of the

conpounds have different toxicities, they are strongly toxic in general,
and in : Technical field

The present invention relates to a catalyst for
decomposing organic harmful substances such as organic
halides. More specifically, the present invention relates
to a catalyst for decomposing harmful organic halides
including dioxins in an exhaust gas generated with burning
of urban garbage or industrial waste; or a treatment of plastic

materials to make them harmless.

Background Art

It has been revealed recently that organic harmful
substances such as organic halides including dioxins and
aromatic chlorides, which are considered to be their
precursors, are conlained.in the gases which were exhausted
from the incinerators for burning out urban garbage and
industrial waste or the facilities for gasifying and fusing
of the urban garbage and industrial waste. In addition, it
is pointed out that organic harmful substances including
bromodioxins and polybromodioxins are contained in the
exhaust gases through thermal treatment of plastic materials
usedinhomeelectricapplianceswaste. Regardingtheorganic

halides, although each of the compounds have different

toxicities, they are strongly toxic in general, and in



2 9 JUN 2004 - 2 particular dioxins are considered to be deadly poi sonous
which can strikingly affect the human body, aninmals and plants by causing
deformty or disturbing effects of hornones. Therefore, the poIIut?gq ﬁf |
t he environnment becones now a social problemand reduction of the H ng
of organic halides in the exhaust gases?fromthe burning treatment has
been wurgently required. At present, as renoving nethods of organic

hal i des i ncl udi ng di oxi ns, various nethods such as absorption method using

an activat e¢563190,ar?a1 H2L{ ABlHE Sori®i defeatt o e a8ABAGpclaraTmIBSWHgCHEt hod
using a catal yst are proposed. Anong them the contact deconposi ng net hod

has excel | erfan §hafRENGLYShEEScitnthhaiwndn desdyy Girdinadsy ainldepiland® diroxi ns
because the di oxins can be deconposed under a | ower tenperature condition
bel ow 300C. cand intatde Rimciety toxdodbss tatbirguefEectie ofebommangst.r eat nent
which is required in the absorption nethod and the |like, the running cost
is low. As a catFThesefosed thetpmllbuien ¢fsthemnwimeent beEORMRFRPNg

met hod, various netal oxides such as vanadium pentaoxide and titanium

di oxi de; camseeiabprohiemand sedegtigpefithprontentofquaanriahadpdhsse
Patent Publication No.38863/94. _They are, however, not practical, because
they requi dA@ dhe @xhaipergases f%?deE%anEPPPSntgﬁﬁtmﬁﬁé i e tinme
fromseveral mnutes to sevaral hour s. Vanadiun1ﬂenta%idggt'tanium

di oxi de cat AREANE LY ECGPLEPHse Pt PRETEBAN AR PP AP IMG T ROBS S R69% 825117/ 31

and Japanesef‘laPla:.LtdeenSt including dioxins, various methods such as absorption
method using an activated carbon, a thermolysis method or
a contact decomposing method using a catalyst are proposed.
among them, the contact decoxﬁposing method has excellent
characteristics in that it can avoid resynthesis of dioxins
because the dioxins can be decomposedunder a lower temperature
condition below 300°C; and that, since it does not require
the secondary treatment which is required in the absorption
method and the like, the running cost is low.

As a catalyst used in the above described contact
decomposing method, various metal oxides such as vanadium
pentaoxide and titanium dioxide; carbonates; and silicates
are known as described in Japanese Patent Publication
No.38863/94. They are, however, not practical, because they
require a high temperature for decomposition and long
residence time from several minutes to several hours.
Vanadiumpentaoxide-titaniumdioxide catalysts are disclosed
in Japanese Patent Laid-OpenNo.144117/31 and Japanese Patent
Laid-Open No.117557/96. However, when SO, is included in the

gas to be treated or when SO, generates through the

decomposition treatment, the oxidation activity of SO, become



Lai d- Open No. 117557/96. However, when S02 is included in the gas to be
treated or when S 2 generates through the deconposition treatnent, the

. oxidation activity of SO02becone - 3 2 9 JUN 2004 higher in the use of the
catal ysts containi ng vanadi um pentaoxide. As a result, there is?8 JiNd8liem
that a large anount of SG3 is produc'ed’ when t hese catal ysts are applied
for purification of the exhaust gases containing SOx besides Nox . There
is the other problemthat reduction of the catalytic activity occurs

accor di ng thighert ime tiweogrses Dfi theaiatakpsts Grtdibiinow vapadiyons for
this activity reduction can be nentioned: 1. Regarding the nmethod of

reduci ng a pebteandde.0 B8 Br gesud ti.n thierepissanxradflen dhadl wslaggeusi ng
amoni a as a reducing agent, the catalytic activity decreases by .

accunul at i oamofan&neénEdy tal prodiced| vhen sthesacatalif tinans aRKlded on t he
catal yst surface, which is forned by reaction of ammonia and_ SC3

gener at ed a§oabpweif2cathencof thenexbayst gassmFonhadeingoRPadasdidesiuced
and transferred to a water-sol ubl e vanadyl sulfate (VOSO4 having a type
crystals: aNOoxVOSO4) and, thus, the catalytic activity is reduced
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or when t hegc%ri%ity occurs according to the time progress in their uses.
The following reasons for this activity reduction can be
mentioned:

1. Regarding the method of reducing a substance to be
treated in the presence of a-batalyst by using ammonia as
a reducing agent, the catalytic activity decreases by
accumulation of ammonium salts of sulfur such as ammonium
bisulfate on the catalyst surface, which is formed by reaction
of ammonia and SO3 generated as above. |

2. There is a further problem that since the oxidizing
activity of SO, increases, vanadium pentaoxide is reduced

and transferred to a water-soluble vanadyl sulfate (VOSO4

having ¢ type crystals: @-VOSO,) and, thus, the catalytic

activity is reduced according to the time progress in their
uses.

3. When chlorides such as HC1 and Cl, including chlorine
gas are included in the gas to be treated or when they are
generated through the decomposition process, change in the
guality occurs and the catalytic activity are reduced.

To solve these problems, the catalyst inwhich tindioxide
is contained in the vanadium pentaoxide-titaniumdioxide type

catalyst as described in Japanese Patent Laid-Open



generated through the deconposition process, change in the quality occurs
and the catalytic activity are reduced. To solve these problens, the
~catalyst in which tin dioxide is contained in the vanadi um

pent aoxi de-titani um di oxi de type catalyst as described in Japaﬁ@%é“&@@ént
Lai d-Open 2 9 JUN 2004 - 4 No.318,135/%6; and the catalyst containing
nol ybdeni um trioxi de as described in Japanese Patent Lai d-Qpen

No. 117,557/ 96 are proposed. Further, Japanese Patent Lai d-Open

No. 386/ 94, URo .Baleenia s e, 2@ 3afiashtG8istarcdiiAiniind\NeoKsbleh iQid di scl ose
a catalyst 1n which alkaline netal sulfates such as bariumsulfate are
added to vamadiowideDei awddici bdd tianidapatiexd dmtdnt dddid-0pgn Japanese
Patent Publication No. 2,633,316 discloses a vanadi um pentaoxide-titanium
di oxi de-t ungst.an 7t,ssmicke axs gPnorasedihi Earitherr edapaarse Patiempuriti es
such as nitrogen oxides, sulfur oxides and heavy netals contained in a

bur ni ng exhaastl-Open NEU3 8649 4pUE Palkerdniie e SPARENRE S6ANA Gpopangategt 455/ 97
di scl oses a catal yst in which the other conponent is further added_to
vanadi um peoaoxi.dd %a¥ 4 idisslanedisocadalysdndpe whiche pdkpddnge B¢ talcase
where the catal ysts containing vanadi um pentaoxi de as the | n active
conponent  miy fiatesgvgh @eRaninm {3 IS arsatdsd & v¥ap t ance

Frni Pl e S AL o R R M AR o T
Publication No. 2,633,316 discloses a vanadium
pentaoxide-titanium dioxide-tungsten trioxide catalyst,
which has resistance to impurities such as nitrogen oxides,
sulfur oxides and heavy metals ;:ontained in a burning exhaust
gas. Furthermore, Japanese Patent Laid-Open No. 192,455/97
discloses a catalyst in which the other component is further
added to vanadium pentaoxide and titanium dioxide.

However, there has been a case where the catalysts
containing vanadium pentaoxide as the main active component
may be insufficient in their performances yet in resistance
against HCl1l or SO,, and, therefore, a catalyst of a higher
activity and durability, which can be provided in a lower

cost, has been required.

Disclosure of the Invention
Anobject of thepresent inventionis toprovideacatalyst
in a low cost, by which higher activity and durability can
be obtained in a treatment of purifying a gas including an
organic halide(s) such as dioxin(s) as described above. The

other object of the present invention is to provide a method



Di scl osure of the Invention An object of the present invention is to
provide a catalyst in a |ow cost, by which higher activity and durability
can be obtained in a treatnment of purifying a gas including an ohg3mﬁc
hal i de (s) such as dioxin(s) as describgg above. The ot her obj%&ﬂ flllthe
present invention is to provide a nethod - 5 2 g JUN 2004 of

deconposi ng-an organic halide(s) using this catalyst in an excellent

ef ficiency. An enbodi nent of the catalyst for deconposition of an organic
conpound(s) @ftcEabmppsing ko presdriic havddei(sn hsinghthbgtertakyst fin
conprising a water-insoluble vanadyl sulfate. Another enbodi nent of the
catal yst foramezoppbbent orf51CHANCEHF gani ¢ conpound(s) according to the
present invention is characterized in conp r|S|ng at | east one oxide

conprising an aﬁﬁh@@@qgéméﬁﬂé&ffﬁéﬁlFH§36Y8Epf€ ndeCeMRSbEien tohidin
zi rconi um ni obi um bdeni u tungst en_an chron1u at | east one
sul fate conRFLIMEC a‘FP pd (s g] e?‘é‘&?’é%”l’ﬁ’ off t o‘rf’s‘f%‘l‘f’r@ ofs

met hod of - AT G AR %Sci‘qﬂpcr%qa%%%%egcc%?ﬁhﬁﬁi@ VR ited
nventlon | SaSOMEL SRS b S 3 HeicAgat tr}%t £bgPag oﬁ%&éi‘ﬂbﬂ%f%?bove

catal yst w t% € organi c (40) to t resent 1 nvention, a

catal yst suibablgs cf QbmBoRia(E) Caéeefaiﬁgawefﬁe Présdds GRRE bR AN

organic

characterized in comprising at least one oxide comprising
an atom{s) selected £from the group consisting of titanium,
zirconium, niobium, molybdenium, tungsten and chromium; at
least one sulfate comprising ‘an atom(s) selected from the
group consisting of alkaline earth metals and lead; and a
water insoluble vanadyl sulfate.

A method of decomposing an organic halide(s) according
to the present invention is characterized in comprising the
step of contacting the above catalyst with the organic
halide(s).

According to the present invention, a'catalyst suitable
for a purification treatment of a gas containing an organic
halide(s) and a method@ of decomposing an organic halide(s)
using the catalyst can be provided. The catalyst has

durability against HC1l or SO,, and can be produced in a low

cost, whereby ahigher decompositionactivity can be obtained.

Best Mode for Carrying Out the Invention
The catalyst according to the present inventioncomprises

at least a water-insoluble vanadyl sulfate.




hal i de(s) and a nethod of deconposing an organic halide(s) wusing the
catal yst can be provided. The catal yst has durability against HCl1 or SOx,

and can be produced in a low cost, whereby a higher deconpositign M?[]Ul.i ty
can be obtai ned. Best Mdde for Carryi-ng Qut the Invention The catal yst

according to the present invention conprises at |east a water-insoluble
vanadyl sulfate. - 6 Z 9 JUN 2004 This vanadyl sulfate (vanadyl sulfate

having 3 type crystals: -VOS i,s that |1C e : bighaed as a
crystal havi ng BPdSsVagedsrt (?(?’Ii%la.teAn("T o u?%‘c% ul%ﬁabl?%vgdegb
characteristic peaks ,a 0,cm oa Ty & CaREBEl ¥B8k¥inwa eg are not
observed i r?’Nﬁft%%tﬁ tﬁﬁé(o%al)eﬁj%l?%gl e v%tr?];Bd%ﬁ SulTat e (vanagl'yl sul fate
having a ty, Ig,fﬁr t 3laSind VOSEEN - gASERT€b T | 0 Abhenpragedt speeemuimon, a
solid vana yl% ut%éeaftglaggﬁ al ni ng a? | east 13-VOSO4 is used. Elution rate

|0 contact i g, ife SO MELIBIRE pEakuar 9 doesén thaind 084 oprcef €r,abl y 5%
or |ess thdh bob e wat er-1nsol ubl e vanadyl sulfate can be, for exanple,
produced byddised©lvomn Ngwiichodsre 1.not mebisedvednpinsithataddifng tRer educi ng
agent to vanadi um conpound of pentaval ence in the presence of water to

reduce it sy;a4edenes]insld bahalies sulllfartes( vinady ngupfate hiavdng fr saiPen
sol ution obtained by addition of an ammonium salt of sulfuric  acid; and

cal ci ni ng tdeyPr£Ts pi tavesafder Argarding\toatherpraseRt ddRRE ¥BhpA si ng
formng precipitate ] _
solid vanadyl sulfate containing at least p-vOsS0, is used.

Elution rate in contacting the solid with water is 10% or
iess than 10%, preferably 5% or less than 5%.

The water-insoluble vanadfrl sulfate can be, for example,
produced by the following methods:

1. Amethod comprising adding areducingagent to vanadium
compound of pentavalence in the presence of water to reduce
its valence to that less than 5; forming precipitate from
a solution obtained by addition of an ammonium salt of sulfuric
acid; and calcining the precipitate after drying.

An alternative method comprising forming precipitate
from a solution obtained by addition of an ammonium salt of
sulfuric acid to a vanadium compound having valence less than
5; and calcining the precipitate after drying.

2. Amethod comprising adding an ammonium salt of sulfuric
acid to vanadyl oxalate and calcining.

3. A method comprising directly calcining vanadyl
sulfate.

When a carrier such as silica, alumina, activated carbon
and 1-:he like, a water insoluble vanadyl in a state where it

is immobilized on a carrier can be obtained by impregnating




froma solution obtained by addition of an ammoniumsalt of sulfuric acid
to a vanadi um conpound havi ng val ence |l ess than 5; and cal cini antm 004
precipitate after drying. 2. A nethod conprising addi ng an anmoni um sa“] of
sul furic acid to vanadyl oxal ate and_cal.cining. 3. A nmethod conprising
directly calcining vanadyl sulfate. Wen a carrier such as silica,

al um na, activated carbon and the |like, a water insoluble vanadyl in a

state where it is_ imobilized on a caryier, can be_obtained by inpregnating
29 JUN 1004a 7solutien &oro orgingoranay asr\’altfﬁatesﬂrpf:gt h?n?%r]f%%rg‘? i er and

| ci ni it. Ex I f_thi | utj I ncl udes th |
bef oro (e EALEARARBOE | nEKABDLEBRAE WA R IF 0 LupLLRHS aciiedl [0S

solution prepared b sLn vanadi u n f educi n
Sobst ance. aRBIuR gRboEEAFe e Srcila IR T Eng' aBEE HEHEHEE, 1 Bed BACI NG

pr epar ed byausl ng, a %’ﬁ%aqgje%'ﬂsc%@iﬁ%ﬁ@nogr@péii‘leﬁnﬁf ﬁ@fﬁgté{l%rﬁ@ﬂgﬂan

amoni um sartrofcsulFUAT acid;” an aqueous sol uti'on prepared obtained by

usi ng vanad L @é}gt PR 4 et ngfs il fadiideCan @ anGimnadti G
aqueous sol é%wgéaggo\?fa ady%&'lsul fate. As thegvanadi um conpound of

pent aval encggaialof @AdlFI& ag0dpaidgaebast ssihit on aepaired bptwytmadat e,
net avanadi ¢ aci d, vanadi um pent aoxi de can be used. Further, as the

vanadi um cogpeansddiami dumpoural efice vadsndehdnss, than SeRaadpar ammeniwnst one
of vanadi um di oxi de and vanadi um tri oxi de can

salt of sulfuric acid; an aqueous solution prepared obtained

by using vanadyl oxalate and an ammonium salt of sulfuric

acid: and an agueous solution of vanadyl sulfate.

As the vanadium compound of pentavalence, at least one
compound selected from ammonium metavanadate, metavanadic
acid, vanadium pentaoxide can be used. Further, as the
vanadium compound having a valence less than 5, for example,
at least one of vanadium dioxide and vanadium trioxide can
be used. Among them, it is themost preferable thing to select
ammonium metavanadate as the starting material in the
viewpoint of reproducibility of the catalytic effect.

As the reducing agent used in the above method 1, for
example, at least one of organic carboxylic acids such as
oxalic acid, citric acid and tartaric acid is preferably used.

The water insoluble vanadyl sulfate comprises at least
8 type crystals (8- VOSO,} and is characterized in that it
is not dissalved in water and that the vanadium atom under
the quadrivalent state has the activity for the decompos ition.
In this point, this is basically different from the
conventional vanadium pentaoxide in the type of the active

component, i. e., vanadium atom has the activity under the




be used. Anmong them it is the nost preferable thing to select ammonium

net avanadate as the starting material in the viewpoint of reprodggyﬁhgm%y
. of the catalytic effect. As the reducing agent used in the above t'ho
for exanple, at |east one of organic _carboxylic acids such as oxalic
acid, citric acid and tartaric acid is preferably used. The water insoluble
vanadyl sulfate conprises at |east type crystals (Q- VOSO) and is
characterized in that it is not dissolved in water and that the vanadi um
atom under pehbtayadentivetate. st edfditione sdnqe/thy qfrakyit d6c¥#B8Ziti on.
In this point, this is basically different fromthe conventiopal vanadium
pent aoxi de iASeheblgpelbhasfClaesietansfofRft Sincegit %ﬁaﬁ‘i‘bﬁ?ﬁ?om has
the activity under the 2 9 JUN 2004 - 8 pentavalent state. In addition,
since the cihtahgst INEtRgreSO«i RESLGHPBCSFt has HCL Exanpl es of the

ammoni um sul At 6. sy L0 kNG, SAGMEATER10Y% oc L Ah £n LRCLHIS ATUPRLHE

bi -sulfate, a amontrum “sulfate anmoni um persu

Among them laafHB)fE-Lur&uﬁg'Mrﬁm%&i@%g@'bﬁngsa%%dffﬁ,! y_aﬁﬁgﬁinve and

it enables “t0 prepare the ca t to I ned nore easi I's wat er

| nsol ubl e _gafiégxle 2l Afoh3dimPpetand sakane adsnd £Rém! VahmbRLium

deconposition of an organic conpound(s) , in particular an organic
hal i de(s). AugeHRkEXs pabakyablgdedisd ienrkatiasgien Hlitaanad thgnabaki ni ng

this water insoluble vanadyl sulfate with an
to prepare the catalyst to be obtained more easily.

This water insoluble vanadyl sulfate can be used alone
as a catalyst for decomposition of an organic compound(s),
in particular an organic hali&e(s).

A complex catalyst can be alternatively obtained by
combining this water insoluble vanadyl sulfate with an

oxide(s) and a sulfate(s).

This complex catalyst can be obtained the methods such
as the following ones:

A. Amethod comprisingmixing the water insoluble vanadyl
sulfate, an oxide(s) and a sulfate(s).

B. A method comprising impregnating an agueous solution
for preparation of the water insoluble vanadyl sulfate into
a solid mixture of an oxide(s) and a sulfate(s); and calcining
the mixture after drying.

C. Amethod comprisingaddinganoxide(s) and asulfate(s)
into an aqueous solution for preparationof the vanadyl sulfate
to obtain a slurry; and calcining the slurry thus obtained
after drying.

As the aqueous solutions for preparation of the water

insoluble vanadyl sulfate used in the methods B and C, the




oxi de(s) and a sulfate(s). This conplex catalyst can be obtained the

nmet hods such as the follow ng ones: A A nethod conpri sing nixin? tﬂﬁ
. water -insoluble vanadyl sulfate, an oxide(s) and a sulfate(s). B JUM, 2004
met hod conprising inpregnating an aqueoys solution for preparation of the
wat er insol uble vanadyl sulfate into” & solid mxture of an oxide (s) and
a sulfate (s) ; and calcining the mxture after drying. C. A nethod
conprising adding an oxide (s) and a sulfate (s) into an aqueous sol ution
for prepar ataguecafs tsedwdrizms beswireacalciaipgt Ahnthespberg: mgtiods di ni ng
the slurry thus obtained after drying. As the aqueous sol utions for
prepar at i on tef 3t he. wat.ean amumselvgﬁaawrew%w wSERd it vapedidfhods B
and C. the Z 9 JUN 2004 9 _ aqueous sol utions before C%Icining in the above
methods 1 tcempound havindgpeatayedernss-ud sfIPFLpgr &4 5§aB§FnGn§'9§hadium
conpound havi ng pentavalqueh&? reduci ng subst ance anqéln anmmpni_um.sal t of
sul furic aciamopium§adlLsSAEPGACHEAr &F 2BYE08F P LB TRESHhound
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R
' prepared by using vanadyl oxalate and an ammonium salt of
sulfuric acid; and an agueocus solution of vanadyl sulfate,
and the like.

As the oxide, which is combined with the water insoluble
vanadyl sulfate, for example,_ at least one of the oxides,
which have one atom(s) selected from the group consisting
titanium, zirconium, niobium, molybdenium, tungsten and
chromium, can be used. Among them, niobium pentaoxide and
titanium dioxide are useful and the most preferabie one is
titanium dioxide.

As a method of producing titanium dioxide, the ordinary
method such as the sulfate method or the chloride method can
be mentioned. Titanium dioxide can be also obtained by
calcining the intermediate(s) such as metatitanic acid
obtained in the production process of these methods. As the
crystalline type of titanium dioxide, although either the
anatase-type or rutile-type may be used, the anatase-type
is more preferable.

The other oxides may be produced by an ordinary method

such as the nitratemethed, the sulfate method and the chloride

method.




vanadyl sulfate, for exanple, at |east one of the oxides, which have one
aton(s) selected fromthe group consisting titanium zirconium niobium
nol ybdeni um tungsten and chrom um can be used. Anong them ni obium

pent aoxi de and titanium dioxide are useful and the nost prefergﬁfﬁj e, i s
titanium di oxide. As a nethod of producing titaniumdioxide, th | hary
met hod such as the sulfate nethod or the chloride nmethod can be nentioned.
Ti t ani um di oxi de can be al so obtained by calcining the internediate(s)
such as netatit bl ¢samindidsned tewplian bhusppadnall exigedsddp fprihese

met hods. As the «crystalline type of titanium dioxide, although either the
anat ase- t yptmprovetrelsésttapeenga brs UHEd and80anasawrlt agdhe achpvaty

preferable. The other oxides may be produced by an_qrdinary nmethod such as
the ni Lr at cbABeAGR hidl SAFRAR B OB OHotiaTANAY L AHAFRYE SHEMROACEAvVE) 2 o

JUN 2004 It is considered tlc_)@gkaﬂ bé usi ng such oxide(s) to further
i nprove resFePRARBNEgLRnERE andSSoX, as well as the activity based on
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cal cium bapeugyxsii98téFE R metals and lead sulfate can be used. As
the alkaline earth metals, calcium, barium, strontium or
magnesiumcanbeused. Among them, barium is most preferable.
Although the productionmethod of barium sulfate isnot limited,
those produced by the precipite_xtion method and baryta powder
obtained by grinding baryta in a machine, for example, may
be used. It is considered to plan by this combination of
this sulfate to further improve strength of the catalyst formed
in a from, and resistance against SO,. |

As the composite ratio of the abdve three componenté,
that of the water inscluble vanadyl sulfate may be selected
from the range of 0.5 to 100 wt.%, preferably 1 to 30 wt.%,
especially preferably 5 to 20 wt.%; that of the oxide(s) may
be selected from the range of 0 to 70 wt.%, preferably 20
to 50 wt.%; that of the sulfate(s) may be selected from the
range of 0 to 70 wt.%, preferably 20 to 50 wt.%.

The temperature f or calcining to form the water inscluble
vanadyl sulfate may be that at which the insoluble vanadyl
sulfate can be made. There is a tende-ncy that calcination
at alower temperature resultsindecline of convertefficiency
into the water insoluble vanadyl sulfate, while calcination

at a higher temperature results in decomposition of the water




magnesi um can be used. Anong them bariumis nost preferable. Although the
production nethod of bariumsulf ate is not limted, those produced by the
preci pitation nethod and baryta powder obtained by grinding barytei i_ﬂj a
machi ne, for exanple, may be used. It s considered to plan by thid JUN 2004
conbination of this sulfate to furthert? nprove strength of the catal yst
formed in a from and resistance against SOX. As the conposite ratio of the
above three conponents, that of the water insoluble vanadyl sulfate may be
sel ected finsolleleangmadylOsslfateodhus. formedr.ef Bhabeforetotde w. %,
especially preferably 5 to 20 w.-% that of the _oxide (hs) may be sel ected
from t he r acgbcbhabion tzmpecabuns 8agT BBl §ebocted HremitheTangeErgm ¢ he
sulfate (s) nay be selected fromthe rargge of 0 to 70 wt.% preferably 20
to 50 w. % 250% ten i ECur preferedly Fo0fgCt §of 46M €he wat er insol ubl e

vanadyl sulfate may be that at which the_insol uble_vanadyl, . sulfate can be
made. There is 3% BRIEASZPIYRL agglo&;%q Bﬂqi‘ﬁ °3tﬁ&\x€& ?grﬁ}%‘? B E M esul ts

in decli f t effici into.th ' I | fate,
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preferably éﬁog gebﬁgfy-ﬁﬁowﬁ_t sdrabeye, anacqr donpilex tha£Bfat ysy of the

present invention, the water insoluble vanadyl sulfate al one nay be
combination of the above specific oxide(s) and sulfate(s)
with the water insoluble vanadyl sulfate may be used, in a
condition where it may be optionally carried on a
publicly-known carrier. Exceilent properties such as the
catalytic activity, durability and forming property can be
further obtained by forming such complex catalyst.

The catalyst may be used in a desired shape for
decomposition reaction. For example, it may be used in a
form such as pellet, sphere, granule, plate, honeycomb or
three-dimensional net forms. The size as the pellet form,
for example, its diameter may be from 1 mm to SO0 mm and its
length may be 5 mm to 60 mm. The diameter in the sphere form
may be for example in the range 1 mm to 50 mm. The size in
the granule form may be from 1 to 40 mesh. When it is formed
in a plate, honeycomb or three-dimensional net form, more
preferable effects can be obtained by forming it in a size
so that its cell number per one inch-sguare can reach to from
5 to 400. '

‘Such forms can be obtained, for example, by forming a
precursor of the catalyst before calcining; or a catalyst

powder after calcining according to an ordinary method. When




used, in the condition where it can be optionally carried on a
publicly-known carrier; and a conplex catalyst by conbination of the above
speci fic oxide(s) and sulfate(s) wth the water insoluble vanady}¥ J§{ {ga;e
may be used, in a condition where it nmay be optionally carried on a
publicly-known carrier. Excellent probe} ies such as the catalytic
activity, durability and form ng property can be further obtained by
formi ng such conplex catal yst. The catal yst may be used in a desired shape
for deconpthetonide attand. tiher suléiapkeds)i areaused @sed icaxridmmsuch as
pellet, sphere, granule, plate, honeyconb or three-dinensional net forms.
The size asfehmipglard the Watenrinsahihle vamdithmtlfathyihednuad mto
50 mmand its length may be 5 nmto 60 nm The dianeter in the sphere form
may be for eRabipi®e GarEiRr, eﬁngé’“lpl#ﬁt?ﬁ%l?ﬁﬁ IFh@ slesiref ShapeyGatul e

formmy be from1l to 40 nmesh s forned plate, ho ecoMJor
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the oxi de(s) ;aad skhe H@Ese(éiaﬁb‘%ﬁﬁ?&eﬁé ahsaﬁ&ia%ruégafowﬂﬂ@ﬁﬁd the
wat er insol ubl'e vanadyl'sulf ate 1s carri ed

formation, may be used optionally if required. When the
catalyst is éoated on a desired carrier of the desired shape
such as sphere, plate or honeycomb, or when the catalyst is
baked for calcination on such-carrier, the catalyst of the
desired shape can be obtained by forming the carrier per se
in the desired form.

The smaller size (when the pellet, sphere or granule
form is used) and the greater cell number (when the plate,
honeycomb or three-dimensional net form) are preferable,
because the total surfaces become greater. Regarding the
cases that pressure loss of the gas to be conducted becomes
greater and that blocking by dust can easily occur, the above
sizes are preferable.

The target to be decomposedcan be efficiently decomposed
by contacting the catalyst obtained as noted above with a
gas including an organic halide(s) as the target to be
decomposed. As this gas including the organic halide(s),
exhaust gases by incinerating garbage or burning industrial
waste can be mentioned.

Examples of the organic halide(s) as the substances to

be decomposed include organic chlorine hydrocarbons and




on thiis carrier, a conplex catalyst in a desired shape can be obtained by
formng the carrier per se in the desired form Wen it is necessaQ? @ﬁ% i
reinforce the nmechanical strength of the catal yst depending on it %@,

an additive (s) such as whisker, f irb¥¥s, clay or binders, which has used
f or catalyst formation, may be used optionally if required. Wen the
catalyst is coated on a desired carrier of the desired shape such as

sphere, plgt aﬁﬁ_chﬁﬁse{&ﬁgbhya&-ombddge, cahal y3igars dadtekbiriare cal ci nati on
on such carrrer, the catalyst of the desired shape can be obtained by
forning thg,aapEReboRS! if6lulle theotesivoad fommd Tl yateldmadsexingwhen t he
pellet, sphere or granule formis used) and the greater cell nunber (when
t he pIate,pomgaﬁyaeabiphehhﬂee-whﬁnndaﬁkaneﬁnan®rm?lﬁpblpreﬁékébpé,
because the total surfaces becone-greater. Regarding the cases that
pressure | gaghofist balgasbeaziemecortimhilar dhenirne . gFBheEPtAAHSRRat bl ocki ng
by dust can easily occur, the above sizes are preferable. The target to be
deconposed chanrbehenpd| end ghdazsmsidiane nychlpkarikagesnantat al yst

obt ai ned as noted above with a _gas inc]udin organj,c_ halide(s) as the
target to pelyebdeFpadkgness UGty %fqm%ﬁ@?ﬂﬁ' or %i%r%%?ll('%e( s),
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polybromoalkanes such as bromobenzene, dibromobenzene,
bromotoluene, bromophenol, polybromobiphenyl ether,
bromomethane; bromoalkenes and polybromoalkenes such as
bromoethylene. The catalyst according to the present
invention can be effectively used against a gas comprising
at least one compound of the above compounds.
The temperature for the contact of the catalyst and the
substance to be treated is preferably in the range from 140°C

to 300°C. When the reaction temperature is lower than 140°C,

there is a casé&that the activity becomes lower owing to high
absorption of the organic halide(s). When the temperature
is higher than 300°C, there is a case that resynthesis of
dioxins can occur fromthe decomposition products in the dioxin
decomposition.

Regarding the activity and the cost for decomposition
treatment, the space velocity may be selected from the range

of 1,000 to 20,000 n ! to obtain preferable effects. Further,

the most preferable one is in the range from 2,000 to 7,000
-1 :
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13 organic brom ne hydrocarbons. The organic chlorine hydrocarbons

I ncl ude chl orodi oxi ns and pol ychl or odi oxi ns; pol ychl or obi phenyl s;

chl or oal kanes and pol ychl or oal kanes such as chl or obenzene, 29 JUN 200
di chl or obenzene, chl orotoluene, chloro ﬂenol and chl or onet hane;

chl or oal kenes and pol ychl oroal kenes such as chl oroet hyl ene. The organic
brom ne hydrocarbons include bronodi oxins and pol ybr onodi oxi ns;

pol ybr onobi phenyl s; bronoal kanes and pol ybronoal kanes such as

br onobenzene, di Thendeepprasitippofsestiend CitohsHIEALeD AR phenyl
et her, brononet hane; bronoal kenes and pol ybr onoal kenes_ such
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effectively _used_a aiaé%pa gas conprising at |east one conpound of the
above conpofhg® SThHE erature for the contact of the catalyst and the

The reacti on terbiiar e SR EEFE et fales £700 ARG dnddheliir, The
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deconposi ti on. garding the activity and the cost for deconposition:

treatment, Yheispaeesve| goirtaxaimldrpseesestcaricémponthes waigh gexferat®00 to
20, 000 h-1 to obtain preferable effects. Further, the nost preferable one

i's in the rgogeaht@fg2 th@Ohelatihg Giftatment for decomposition.

As the equipments for decomposition using the catalyst
according to the present invention, those having a structure
may be used, which comprises a decomposition area capable
of maintaining the catalyst; a means for introducing a gas
to be treafed into the decomposition area; a means for
contacting the gas thus introduced with the catalyst; a means
for exhausting a gas including the decomposition products
thus formed by the action of thecatalyst fromthe decomposition
area. The exhaust gas after the decomposition treatment may
be optionally subjected to wvarious treatments if required.

Since the catalysts of the present invention hold
excellent activity and durability, a continuous operation
for long time can be carried out and the decomposition
efficiency can be greatly improved.

[Examples]

Hereinafter, although the present inventionwill be more
specifically described by Examples and Comparative Examples,
the present invention is not limited to them.

Examples 1 to 21 and Comparative Examples 1 to 22

Examples for Catalyst Production




h-1. 2 9 h N 2004 - 14 The deconposition treatnment can be carried out at
an oxygen concentration in the range from1l to 99% preferably 2r0fn5 to
30% Since the catal yst according to the present invention has a § JUN 20
excel l ent resistance against SOX, it is,cespecially suitable in the case
when the gas to be treated includes SOX (x=1 .5 to 3.0 , for exanple) per
s e, or conponents which generate SOX during the heating treatnent for
deconposition. As the equi pnents for deconposition using the catalyst
according to t hd Gtes\#ft iZlbention, those having a structure rray be used,

whi ch conprises a deco osition area c bl e tai nin cat al yst;
a means for int %Hlﬂﬂ’dg})d“"gfa%"a?% ﬁget ?ggﬁ’idw?ﬁt Bgaﬁ‘g g@c&’ 8§| %I %n area; a
means for contacting the gas thus intrpoduced with t eaag tal yst;. a _nmeans

f or exhaust‘i#ﬁgs%l‘g%sl‘? Mﬁ%&?ﬂeaﬁe%%ﬁpéﬁdt iLgP S 16 RG4S ¥B%ed by
th t | Th t

b e the dRMNPOuRReE ¥EL AT, 60 AR YRl & Men 18 18 BT L o
treat ”E“tsaéxhwg&h S:g E&QC%a%hsa%halm%s t‘aflst W& e leddpi iy hol d

excel | ent urability, a continuous operation for long tine
can be car r\b&%&y&ma@ﬂdtbfogesemaél hhalaasef-ftyﬁeewytci&lanaemgaa@bdiue
t

| nproved. [Exanples] Hereinaf ter, although e present invention wll be
nore " and 260g of barium sulfate were added one by one. The obtained

slurry solution was dried with a spray dry to give powder.
A small amount of water was added to the obtained powder and
the mixture was kneaded and mclded by extruding in pellets
of 3 mm ¢ and 3 mm in length Sy an extruder. After drying
the obtained pellets again, these were baked at 430°C to obtain
the catalyst A comprising 9 wt.$% of a water-insoluble vanadyl
sulfate (B—VOSO4), 59 wt.% of titanium dioxide and 32 wt.%
of barium sulfate. |

(Catalyst B)

Catalyst B was obtained in the same manner as that for
catalyst A except that the pellet size was changed to 1.6
mm ¢ and 3 mm in length.

{Catalyst C)

Catalyst C was obtained in granules of 10-20 mesh by
grinding Catalyst A.

{Catalyst D)

Catalyst A was crushed and a honeycomb catalyst of the
cell number of 35 per square inch was prepared by using the

crushed materials thus obtained according to an ordinary

method and a piece of 12 mm width and 18 cm length was cut

out to obtain Catalyst D.




speci fiically described by Exanpl es and Conparative Exanples, the present

I ivention is not limted to them Exanples 1 to 21 and Conparative I@ga Iﬁa
1 to 22 Exanples for Catalyst Production 2 9 JUN 2004 - 15 (Catal ystmﬁ)
Ammoni um et avanadat e (50g) was added-ti@ water to dissolve it by heating
at 80C and 125g of oxalic acid was added under stirring to reduce

vanadi um Then, 57g of ammoni um sul fate was added into this solution

cont ai ning vanadium.an g of the anatase-type of titanium dioxide and
260g of barium g(g#af%aatlg%ef%)oadded one by one. The obtained slurry solution

was dried wth g §/dysdip o Bg‘éﬁfiﬁg‘&dfﬁ-thé% ad Eﬂ%&“%sogh%tfé nas

added to the obtal ned powder an e mxture was kneaded and nol de]é by

ext rudi ng i@ﬁ%ﬁ&e 2 Yx i a2 ob 1R pRolt&d%iAePwa8 X! 98T enéf t er

drying the o pell ets again, these were baked at 430C to obtain the

catal yst A GAP4iS1Pppd ¥E. t¥aahiamVaiekiaasol et £1yenasdomsed 84 €9
(3-VOs™4), 59 w.%of titaniumdioxide and 32 wt.% of bariumsulfate.

(Catal yst B}t Gatod UShaBerasnsblabledrdnhdy e sudke tea(Pevols, t,ned &ols
catal yst A except that the pellet size was changed to 1.6 mm4) and 3 nm

in | ength. ¢fapbdystmQpethaakyde @ndad2owtaknbdrinmgsahfibte.of 10-20 nesh
oy {(Catalyst F)
Catalyst F was obtained in the same manner as that for
Catalyst A except that the anatase-type of titanium dioxide
and barium sulfate were not used.
{Catalyst G) . h

Ammonium metavanadate (100g) was added to water to
dissolve it by heating at 80°C and 103g of ammonium
paratungstate was added under stirring to be dissolved. The
anatase-type of titanium dioxide (700g) was added to this
solution to prepare the slurry solution. The obtained slurry
solution was dried with a spray dry to give powder. A small
amount of waterwas added to the obtained powder and themixture
was kneaded and molded by extruding in pellets of 3 mm ¢ and
3 mm in length by an extruder. After drying the obtained
pellets again, they were baked at 500°C to obtain the catalyst
Gcomprising 9wt. % of vanadiumpentaoxide, 10wt. % of tungsten
trioxide and 81 wt.% of titanium dioxide.

(Catalyst H)

Catalyst Hwas obtained in granules by crushing Catalyst

G in 10-20 mesh.

{Catalyst I)




grinding Catalyst A (Catalyst D) Catalyst A was crushed and a honeyconb
catalyst of the <cell nunber of 35 per square inch was prepared b)zﬁugmn@
the crushed materials thus obtained according to an ordinary netHod & W‘a
piece of 12 nmwidth and 18 cmlength was cut out to obtain Catalyst D. 19
lug, 104 - 16 (Catalyst E) Catal yst D was obtained in the sane manner as
that for Catalyst A except that niobium pentaoxi de was used for the

anat ase-type of titanium di oxide. talyst D conprised 9 w. %of a
wat er - i nsol ubl e ¥2 Q&yIStsﬁlV%?ec’Z“%‘?%%ﬁ a hggg%?‘?mb ALHEBE B JiR aoxi de

and 32 wt.%brium%ulfatfe (Catal yst_F). Catalyst _F was_qbtained i,n the
same manner S8t RAFPES, OX AP HSE S WARE ARED: HaP PHePARST £36 UsiRg dihe
titani um di Qxi : | re G) . Anmmoni um
nmet avanadat € %‘3‘5}51“ %ﬁgggéggﬁ é’%&%@e‘}{‘@ £ oal{lg%ggg'?gg nﬁ%ﬂ%@ﬁ ﬁ@?ﬁ deeﬁe 80C
and 103g of ' : r [ fa NS e rbqlqil t Ay d

di ssol ved. ?%gﬂgm%gg?lt %grﬁhﬁi%m um%%'l%o%lge ( 6%9%6%12}9% gg s"ot this
solution togprepare the slurry solution. The obtained slurry solution was

dried with a spray dry to give powder. A small anount of water was added
to the obtained poadanyardJt)he m xture

Ammonium metavanadate (100g) was added to water to
dissolve it by heating at 80°C and 510g of the anatase-type
of titanjum dioxide and 276g of barium sulfate were added
to this solution to prepare the slurry seclution. The obtained
slurry solution was dried with a spray dry to give powder.
A small amount of water was added to the obtained powder and

the mixture was kneaded and molded by extruding in pellets

of 3 mm ¢ and 3 mm in length by an extruder. After drying

the obtained pellets again, they were baked at 500°C to obtain

the catalyst J comprising 9 wt.% of vanadium pentaoxide, 59
wt.% of tungsten trioxide and 32 wt.% of titanium dioxide.

{Catalyst K)

Catalyst K was obtained in granules by crushing Catalyst
J in 10-20 mesh.

(Catalyst L)

A catalyst was prepared from titanium dioxide in order
to confirm whether titanium dioxide has catalytic effect.
In particular, a slurry solution obtained by adding 500g of
the anatase-type of titanium dioxide to water was dried by
a spray dry to obtain powder. A small amount of water was

added to the obtained powder and the mixture was kneaded and

molded by extruding in pellets of 3 mm ¢ and 3 mm in length




was kneaded and nol ded by extruding in pellets of 3 Mm4) and 3 mMmin

| ength by an extruder. After drying the obtained pgduﬁm}?gai n, they were
. baked at 500C to obtain the catalyst G conprising : of vanadi um

pent aoxi de, 10 wt. % of tungsten trioxigde and 81 wt.% of titanium dioxide.
(Catalyst H Catalyst H was obtained in granules by crushing Catalyst Gin
10-20 nesh. (Catalyst 1) 2 T JUN 2004 - 17 Catalyst G was crushed and a

honeyconb catal yst of the cell nungber of 35 per_square inch was_prepared
by using th@Y'@PU§W&Eqﬂ£Féri§F§65cggyapﬁgtF8 §R£6+g?ﬁaP§i£§Fﬁoﬂgaﬁ8'a pi ece
of 12 mmw dth and 18 cm | ength wa ut out to, obtai talyst I Cat al yst
J) Amoni uth@tYa\Y’z%’r'édaaé‘e(dl@%g)‘i%é gﬂd@ﬁt?ﬁnméli‘%rc?gafg?gs | & Fpgby
heati ng at 80 i f - of titanium di oxi de and 2769
of bariun1sEpggggghgﬁggﬁgﬁéggﬁ?%ﬂgﬁﬁzﬁé%ﬁﬁgron to prepare the slurry
solution. The ob&gg@egxaﬁpgggy solution was dried with a spray dry to give

powder. A small anmount of water was added to the obtai ned powder and the

m xture was kneaggdngndnevheedeb¥atslyudsNotha pelhewingotedtBnmwérand 3 nm
in length by an extruder. After drying the obtained pellets again, they

wer e baked @arZ3@QA tomtobtain the catalyst J conprising 9 wt. - of vanadi um
pent aoxi de, 59

1. MCB decomposition activity test 1

MCB (monochlorbenzene) decomposition activity tests
were carried out using catalysts A, E, F, Hand J individually.
A catalyst was charged in a cylindrical glass reactor of 30
mm¢ to occupy the volume of 10 ml. A gas having a composition
of 10 volume % oxygen and 90 volume % nitrogen containing
16 ppm MCB was allowed to continuously flow and the
decomposition reaction was carried out at 6,000 h::-1 of the
space velocity and at a reaction temperature between 140°C
and 180°C for 5 hours. Data by the reaction for 5 hours are
shown in Table 1. The decomposition rate (%) by gas
chromatographic analysis was calculated according to the
equation: ((MCB concentration at the inlet) - (MCB
concentrationat theoutlet) / (MCB concentrationat the inlet)

x 100}.

Catalysts A, EandF exhibited higher decompositionrates

in comparison with Catalysts G, J and L.




Wt . % of tungsten trioxide and 32 wt.- of titaniumdioxide. (Catalyst K)
Catal yst K was obtained in granules by crushing Catalyst J in m};OUMgU%P
(Catalyst L) A catalyst was prepared fromtitanium dioxide in order
confirmwhether titani um di oxi de has cayal ytic effect. |In particular,
slurry solution obtained by addi ng 500g of the anatase-type of tltanl um
dioxide to water was dried by a spray dry to obtain powder. A snmall anpunt
of water was added to the obtai ned powder and the m xture was kneaded and
mol ded by eXY¥aRtfntlin pellets of 3 Mm $ and 3 nmmin length z 9 JUN 2004 -

18 by an Extruder. After dryind t}[ b ets in, they were
baked at 430C to obtain the catalcgfs aJB( gcp%%’]}ét aseaﬁt%%pe of titan um
di oxi de. Test Exanples Using thg above c ééf tk/gg glclogl &H B were
carried ouft: 1. MCB deconpositign activitly te i nono Ior enzgene)
deconposi tfon activity tests ware carriedieyt using ¢aarlygsy A E |F, H
and J indiyvidually. A catalyst jwas. char d in a cylindri ral glass reactor
of 30 m® ERaRGE&PY the volune [gf 10 m .| fggas havi nqg@,(gonp05|t|on of 10
vol ume % okygen and 90 volune %initrogen containing 16 ppm MCB was al | owed
to continuppghypibow and the A 160 99.5

Example 3 A 140 99.0

Example 4 E 180 98.4

Example 5 E 160 98.1

Example 6 E 140 97.5

Example 7 F | 180 95.8

Example 8 F 160 _ 95.4

Example 9 F 140 94.0

Comparative Example 1|G 180 86.7

Comparative Example 2 |G 160 82.5

Comparative Example 3 |G 140 78.1

Comparative Example 4|J 180 85.2

Comparative Example 5J 160 80.9

Comparative Example 6| J 140 ' 76.5

Comparative Example 7 |L 200 0.1

Comparative Example 8 |L 180 070

2) MCB Decomposition activity test 2

Catalyst D or I in the form of a honeycomb shape of 12
mm square section and 18 cm length was filled in a stainless
steel (SUS) reactor having a 13 mm sgquare section. A gas

having a composition of 10 volume % oxygen and 90 volume %

nitrogen containing 16 ppm MCB was allowed to continuously




deconposition reaction was carried out at 6,000 hr-1 of the space velocity
and at a reaction tenperature between 140C and 180C for 5 hours. Data by
the reaction for 5 hours are shown in Table 1. The deconpositi on?Zrigla (&)
by gas chromat ographi ¢ anal ysis was Qﬁ%gulated according to the equation:
((MCB concentration at the inlet) - ( concentration at the outlet) /
(MCB concentration at the inlet) x 100). Catalysts A, E and F exhibited

hi gher deconposition rates in conparison with Catalysts J_and L. 29 JU
2004 - 19 EYawland thReRRQHL iaR CEASIEIOPTERD SALEISE Pt éﬁ?‘?‘bFFMRate
($) Exanmple 1A18099.9 Exanple 2A16099. 5 Exanpl e 3A14099. 0 _Exanple 4E18098. 4
Exanpl e 5E168898. 908xhFD efaEﬁfﬁoé??gedﬁﬂrﬁFé@ngggnggE%aﬁ%?%ggﬁﬁ‘m%. 4
Exanpl e 9F14094. 0

temperature of 200°C. Data for the 5-hour reaction are

exhibited in Table 2. The decomposition rate was obtained

in the same manner as that in MCB decomposition activity test

1.
[Table 2]
Catalyst Reaction MCB
Temperature Decomposition
() Rate (%)
Example 10 D 200 90.9
Comparative 1 200 80.8
Example 9

3) Decomposition activity test against DXNs

DXNs {dioxins) decomposition activity test was carried
out using Catalysts A, B and G, individually. A catalyst
was filled in a cylindrical SUS reactor having a 29 mm square
section to occupy a volume of 60 ml. A gas having the
composition of 10 volume % oxygen, 80 volume % nitrogen and
10 volume % steam containing dioxins (2378-T4CDD,
123678-H6CDD and 08CDD) so that the inlet concentration was

controlled as shown in Table 3 was allowed to continuously

flow and decomposition reaction was carried out at 10,000

hr'! of the space velocity at a temperature between 140°C and
180°C for 300 hours. Data during the reaction between 200

+0 300 hours are shown in Table 3.

The decomposition rate




Conpar.ati ve Exanpl e1G1l8086. 7 Conpar ati veExanpl e2G1L6082. 5

Conpar ati veExanpl e3G14078. 1 Conpar ati veExanpl e4J18085. 2 79 N
Conpar at i veExanpl €5J16080. 9 Conpar at i veExanpl €6J14076. 5 SUN 260
Conpar at i veExanpl e7L2000. 1 Conpar at i vefxanpl e8L1800. 0 2) MCB Deconposi tion
activity test 2 Catalyst Dor | in the formof a honeyconb shape of 12 mm
square section and 18 cmlength was filled in a stainless steel (SUS)
reactor having a 13 nm square section. A g%ﬁ havi a _cq%i on of 10
vol une % oxiyigewath EOEWRkak agcH P AMag-°ts pp was al | owned
to continuously 2 9 JUN 20P4 - 20 . fl.ow h L 1dsQ 1 |ON was
carried outcangemtFiian af theoift} - seecé’g‘?c;gglq'\s}:le ﬂolg}{ yaqng]E e'gt t he

reaction tenperature of 200C. Data for the .5-haur, reacti are exhibited
in Tabl e 2.0W6b%nmﬁiw¢%ﬁ%r%°%bq%itﬁéed e e)h(e;I slgirlr]e) ‘manner as t hat

I n MCB deconposition activity test 1. [Table 21 Catal yst Reacti onMCB
Tenper at ureDeconposition (t)Rate ($) Exanple 10D20090. 9

fTable 3]
Catalyst | Reaction Inlet conc. |Outlet DXNs
Temp.(°C) |ngTEQ/Nm*h | Conc. Decomposition
ngTEQ/Nwh | Rate (%) |
Example 11 | A 160 12.0 0.177 98.5
Example 12 |A 140 12.0 0.202 98.3
Example 13 |B 140 12.0 0.032 99.7
Comparative | G 180 9.87 0.739 92.8
Example 10
Comparative | G 160 9.8 0.911 90.7
Example 11
Camparative | G 140 9.8 1.20 87.8
Example 12

4) Test of HCl resistance

To confirm influence by difference of HCl amounts
generated during decomposing, Catalyst C, H or K was charged
in a cylindrical glass reactor of 12 mm ¢ to occupy the volume
of 5 ml. Each gas composed of 10 volume $ oxygen, and 90
volume % nitrogen containing 100 ppm or 16 ppm MCB was allowed
to continuously flow to decompose them at 3,000 hr_l of the
spacé velocity and at 180°C of the reaction temperature to

confirm a tendency of time-lapse degradation. The

decomposition rate (%) was calculated in the same manner as




Conpar-ativel 20080. 8 Exanple 9 3) Deconposition activity test agai nst DXNs

DXNs (di oxins) deconposition activity test was carried
i ndividually. A catal yst
havi ng a 29 nm square
havi ng t he

- A B and G

react or

so that the inlet

) owed 1o UbrRIGH S REGRRRRALALeEnReEr 1)

10, 000
for 300

in Table 3. @ggigﬁf

to the equation:

at the
Reacti o
Deconpo

hr -,

XNs

he Treacti on
nposition rate 2 9 -

conposi tion of 10 vol une % oxygen,
vol ume % st eam cont ai ni ng di oxi ns (2378- T4CDD,

et ween 200
21
concentration at t

e inlet)

out using
was filled in a cylindrical
sectianztia occupy a volune of 60 m. A gas
80 volume % nitrogen and
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NgTEQ k& h Rate (% Exanple 11A16012.00.17798.5 Exanple 12A14012. 00. 20298. 3
Exanpl e 13B14012. 00. 03299. 7 Conpar ati veGL809. 80. 73992. 8 Exanpl e 10

G1609. 80. 91190. 7 Conpar ative Exanple 11 GLl409. 81.2087. 8 Conpar ati v&3JExigi;e
12 4) Test of HO resistance To confirgsinfluence by difference of HCl
anounts generated during deconposing, Catalyst C, Hor Kwas charged in a
cylindrical glass reactor of 12 nm4) to occupy the volune of 5 m. Each

gas conposed of 10 vol ume % ox n, and_ 90, . vql Y%t OgeN 1EORE Ni ng
100 ppm or 16 ppit n Ségﬁ p?brc%ﬁt?ﬁ%gnullsg@{eﬁ%v#to deconpose them
at 3,000 hr-1 of the spa el oci Ay 18QC WiB td-dngdsd 1 €fon .

t enper at ur ERPOL HFRT r#%ﬁﬁ%dnd%fé T ngé’f apse rgjegradation. The
deconposition rate {% s cal qul ' SYEe manner as 2 9 JUN 2004 -
22 in that of %I'C)B 081 %Cgtlr#vgic |\#|e{153}:t ?’let . The results thus
obtained are shQutdiskall ectolcTa3bk@s4tharged in a cylindrical glass

reactor of 30 mm ¢ to occupy a volume of i10ml. A gas has a

composition of 10 volume % oxygen, 79.9 volume % nitrogen
and 10 volume % steam containing 0.1 volume % sulfur dioxide
was allowed tocontinuously flowand theirreactionwas carried
outat 5,000 hr_l of the space velocity at areaction tempeature

between 140°C to 180°C for 5 hours. Data after 5 hours are

shown in Table 5. The oxidation rate (%) of sulfur dioxide
was calculated by the equation, ((SO, concentration at the

inlet) - (SO,concentrationat the cutlet} / (SO, concentration

at the inlet) x 100).




PassageMCB Concentrati onMCB Concentration Tineat the Inlet:at the Inlet:

(hr.)100 ppnil6 ppm Exanpl eConpa- Conpa- Exanpl eConpa- Conpa-

- ldrativerativeldrativerative Exanpl eExanpl eExanpl eExanpl e 131415163 iy 2004
Cat al yst Cat al yst Cat al yst Cat al yst Cat al ystCat al yst CHKCHK

199. 316. 034. 599. 785. 286.5 (99.3)(16.0)(34.5)(16.0)(13.6)(13.8)

2594. 349. 051. 199.984.285.9 (94.3)(49.0)(51.1)(16.0)(13.5)(13.7)

5092. 052. 953. 299. 883.885.2 (92.0)(52,9)(53.2)(16.0)(13.5)(13.6)

7691. 152. 353. 599. 883.684.8 (91.1)(52.3)(53.5)(16.0)(13.4)(13.6)

10091. 446. 9 2.9?9.%?3.184.6 (91.4)(46.9)(52.9)(15.9)(13.3)(13.5)

12590. 850. 258able_Sdgg g (50.2)(53.7) 15091.052.353.9--- (91.0)(52.3)(53.9)

17590. 650. p53.5--- (90.6 é§9a8}£§3-5he§c%iénis f4:%¥¥héta§ Rate

Temperature of S50,
(°c) (%)

Example 16 A 180 0.4

Example 17 A 160 0.0

Example 18 A 140 0.0

Comparative G 180 2.5

Example 17

Comparative G 160 1.6

Example 18

Comparative G 140 1.2

Example 19

Comparative J 180 3.3

Example 20

Comparative J 160 2.4

Example 21

Comparative J . 140 1.8

Example 22

6) Decomposition activity test on bromobenzene

-Catalyst Aor Gwas charged in a cylindrical glass reactor

of 30mm¢tooccupyavolumeof 10ml. Agashavingacomposition

of 10 voelume % oxygen and 90 volume % nitrogen containing




The nunber in each pair of the blackest neans the HC1 anount thus forned
(ppm based on the MCB deconposition. 5) Oxidation activity tes%_o_n SQ2
. Catalyst A, Gor J was charged in a cylindrical glass reactor of I3BNf(4)
to occupy a volume of 10m . A gas has-as conposition of 10 vol une % oxygen,
79.9 volunme % nitrogen and 10 vol une % steam containing 0.1 volune %
sul fur dioxide was all ovved to conti nuousl y flow and their reaction was
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Conpar ati ve Exanpl e

equation, ((MBB concentration at the inlet) - (MBB

concentrationat theoutlet) / (MBBconcentrationat the inlet)

x 100).




Conpar ati veGl401. 2 Exanpl e 19 ConparativeJ1803. 3 Exanple 20
Conparativej 1602. 4 Exanple 21 Conparativej 1401. 8 Exanple 22 6) .
Deconposition activity test on bronobenzene - Catalyst A or G waggoﬂﬁﬁ@@d
in a cylindrical glass reactor of 30m@g. to occupy avolune of 10m . A
gashavi ngaconposi tion of 10 volume % oxygen and 90 vol ume % nitrogen
containing 2 J JUN 104 - 25 16 ppm bronobenzene (MVBB) was allowed to fl ow
and data after 5 hours at 6,000 hr-1 of the space velocity at a reaction
tenperature between 140C to 16QC are shown in Table 6. The oxidation rate
(% of MBB was.calcul ated according to the equation, ((MBB concentration
at the inIET? le( B concentration at the outlet) / (MBB concentration at
the inlet) x 100). 29 JUN 2CP4 - 26 [Table 6]

Cat al yst Reacti onDeconposition TenperatureRate of NBB(9%(C)

Catalyst Reaction Decomposition

Temperature Rate of MBB(%)
(°c)

Example 19 A 180 98.8

Example 20 A 160 98.5

Example 21 A '14? 98.1

Comparative G 180 85.5

Example 23

Comparative G 160 80.8

Example 24

Comparative G 140 77.2

Example 25

Industrial Applicability
According to the present invention, a catalyst can be
providedatalowcostbywhichardgheractivityanddurability
of the catalyst can be obtained in the purification method
of a gas containing an organic chlorine compound(s) such as
dioxin(s) as noted above. Further, according to the present
inveﬁtion, a method of decbmposing an organic halide(s) in

a high efficient by using the catalyst.




Exanpl e 19A18098. 8 Exanpl e 20A16098. 5 Exanpl e 21A14098. 1

Conpar ati veGl8085. 5 Exanpl e 23 ConparativeGl6080.8 Exanple 24 |
Conpar at i veGl4077. 2 Exanpl e 25 Industrial Applicability According @d["ﬂ I%[E-p4
present invention, a catalyst can be _pypovided at a | ow cost by which a

hi gher activity and durability of the catal yst can be obtained in the
purification nethod of a gas containing an organic chlorine conpound (S)
such as dioxin(s) as noted above. Further accora n Q %ple E)res%pl%
invention, a metHb@artketbmostRg SALBLYShi BCAFAG gs) g REGRZErti ci ent

ggcgﬂjlnggt Pgnﬁgﬁgégggﬁ@xq%ﬂ# chﬁ ?n‘elk'l Q?Fﬂe tl C lq’r nﬁ’{/hlﬁr?%l%?)gllé? ivity,
but “al so | neBAiSeaReF oF FS0AE S BPSETRBRLA Ot £ %%ﬁar?m@*'l%ﬁ@?@ R hat
decomposi t | BRE ORI FhetBr SRRPEFRAPIAL & %%%%—Z’Z‘S Phahioat 52 S5t ot
the gas to Pg;;WLah eflaton %Q?cﬁ@és%t'éﬁt,. Ot'hébefoﬂeoeﬂ@ig siul tiavdy
used for highly efficient decomposition of the organic
halide(s) in the cases that dust is coexist; the gas to be

treated contains SOy, or HCl: or they generate in the

decomposition area.




. deconposition area. -28 Cains 1. A catalyst for deconposing an organic
hal i de(s) characterized in conprising a water-insol uble vanadyl ?glj@ﬂtﬁm

(f3-VOsn4). 2. A catalyst as clained in claim1l wherein the catalyst
further contain at |east one oxide conprising an aton(s) selected fromthe
group consisting of titanium zi rcon_ijérp ni obi um nol ybdenum tungsten and
chrom um and at | east one sulfate conprising an aton(s) selected fromthe
group consisting of alkaline earth netals and lead. 3. A catal yst as
claimed in claim2 wherein 0O to 70 wt.%of the oxide(s), 0to 70 wt.% of
t he sulf:ﬁ'@'{%% and 0.5 to 100 wt.%of the water-insoluble vanadyl sulfate
are included. 4. A catalyst as clained in claim2 or 3 wherein the oxide is
titanium dioxide. 5. A catalyst as clained in any one of clains 2 to 4
wherein the sulfate is bariumsulfate. 6. A catalyst as clained in any one

of clainms 1 to15 meﬁﬁidﬂal&@ﬁorQEG%bﬁsiH@énd&ﬁéhid faldfe (d)@2Sta@B62&d in
chi or odi oxi ns. and polyph|0r0d|OX|ns;aW§gl i orobi phenyl s; chl oroal kanes

G
and pol yCRMBY Gk aNEIET P Bioie v Riad4e S (éﬂf@%@i‘*broal kenes; bronodi oxi ns

and pol ybr onodi oxi ns; pol ybronobi phenyl s; bronoal kanes and
pol ybr onoal kanes; and br al kenes and  pol ybronoal kenes., . 7, ,A catal yst
Bs el aimed in & aim 6 GRENET 7S RETBRGARI Cohl | SBECs i Be Gatalvshditie of
chl or odi exnteEn aadigast yotd oxiidi exmpsisingpah yatlorgsplsepdresy [fom ttikl groodpenzene,
di chl oro hi,.or ot ol uene, .chi orophenol r t
chi or oet ﬁgﬂéﬁgﬁg 5% or?géc{ﬁ%'%i' ng'rg% ‘H"bolr@cgjﬂ %df“&ﬁdse?mgrgﬂ}gﬁgﬁg& par?gnyl S,
chromium; and at least one sulfate comprising an atom(s) selected from the
group consisting of alkaline earth metals and lead.

3. A catalyst as claimed in claim 2 wherein 0 10 70 wt.% of the
oxide(s), 0 1o 70 wit.% of the sulfate(s) and 0.5 to 100 wt.% of the
water-insoluble vanadyl sulfate are included.

4, A calalyst as claimed in claim 2 or 3 wherein the oxide is
titanium dioxide. —

5. A catalyst as claimed in any one of claims 2 to 4 wherein the
sulfate is barium suliate.

6. A catalyst as claimed in any one of claims 1 to 5 wherein the
organic halide(s) is at least one ot chlorodioxins and polychlorodioxihs;
polychlorobiphenyls; chloroalkanes and polychloroalkanes; chioroalkenes and
polychloroalkenes,; bromodioxins and polybromodioxins; polybromobiphenyis;
bromoalkanes and polybromoalkanes; and bromoalkenes and
polybromoalkenes.

7. A catalyst as claimed in claim 6 wherein the arganic halide(s) is
at least one of chlorodioxins and polychlorodioxins, polychlorobiphenyls,
chlorobenzene, dichlorobenzene, chiorotoluene, chiorophenol, chloromethane,
chloroethylene, bromodioxins and polybromodioxins, polybromobiphenyls,
bromobenzene, dibromobenzene, bromotoluene, bromephenol,
polybromaobiphenyl ether, bromomethane and bromoethylene.




br onobenzene, di bronobenzene, bronotol uene, bronophenol,

pol ybr onobi phenyl ther, brononethane and bronoet hyl ene. 2a JUN 2004 -29 8.
A nmet hod of deconposing organic halide(s) in a gas characterized ?ngN2m4
contacting a gas containing an organic halide(s) with the catalys
described in any one of clainms 1 to 5.0 deconpose the organic halide(s).
9. A nethod of deconposing as claimed Tn claim8 wherein the contact

bet ween the organic hallde(s) and the catalyst is carried out at a

tenperature from 140 to 300 A net hod of deco din
any one of clafns 8 aﬁaetbo%&fe|4?cpﬂé0055}%aﬁ [ al Fgﬂfeé?)gl a% adeg'sat one
of chl or gei @¥idizeansy @ﬂlté{&hﬂ\gﬂ@@thdﬂ&alm mhloagamw pregiog(s; wdhl breoal kanes
and pol ychl or oal kanes, . chl oroal k ﬁs and %rﬁg ﬁroal kggeeaheb&%gg@ oxi ns
and pol y"éﬁté‘WéHlQﬁéC%ed HoBPBr BRI phEaRyY st FEUES

pol ybr onpaided geS; and br onoal kenes and pol ybrormal kenes. 11. A nethod of
deconposing as _clained i 0 wherein the rga t at

| east one of cH orodAd%?ﬂEOdlaHtj dﬁ&?%ﬁﬁ'&ﬁoa? SR % m achh or'{% E%eHr?f/I s,

chl or obepzeae: U@mbéﬁrmeamﬁc ledibett ahdethe, catafylsbri@piwnedi out at a

chl or onet hane, .chi oroet e ronodi oxi ns and pol ybr onodi oxi ns,
pol ybr onBSBPRHERE OBy ai% e:r?m (g di br omobenzene, bronot ol uene,

br onophenol , pol ybronobi phenyl ether, brononmethane and brorrnoet hyl ene.

12. A catal yst for dgcoupas| Bg d%@m??ggfg)'gcag%&)&%ﬁst}w a8y el sediaifAs @ny one

of clalmslto whi ch "conp tirt. % of wac} er.-i nsol ubl e
vanadyl sodf &t e;h(emn V@S@gamc halide(s) is at least one of chlorodioxins an

polychlorodioxins; polychlorobiphenyls; chloroalkanes and polychloroalkanes;
chloroalkenes and polychloroalkenes; bromodioxins and polybromodioxins,
polybromobiphenyls; bromoalkanes and polybromoalkanes,; and bromoalkenes
and polybromoalkenes.

11. A method of decomposing as claimed in claim 10 wherein the
organic halide(s) is at least one of chlorodioxins and polychlorodioxins,
polychlorobiphenyls,  chlorobenzene, dichlorobenzene, chlorotoluene,
chlorophenol, chloromethane, chloroethylene, bromodioxins and
polybromodioxins, polybromobiphenyls, bromobenzene, dibrormobenzene,
bromotoluene, bromophenol, polybromobiphenyl ether, bromomethane and
bromoethylene.

12, A catalyst for decomposing an organic halide(s) as claimed in
any one of claims 1 to 7, which comprises

(@) 510 30 wi.% of water-insoluble vanadyl sulfale (3-vOS04);

(b) 20 to 70 wt.% of at least one oxide comprising one of titanium and
niobium; and

' () 20 to 70 wt. % of ai least one sulfate comprising &t least one atom

selected from the group consisting of calcium, barium, strontium and lead,

where (2} + (b} + (c) = 100.

i3 A catalyst as claimed in claim 4, wherein the titanium oxide is an
analase-type titanium oxide.

14. A method of decomposing as claimed in claim 8, wherein the




(b) 20 to 70 wt. % of at | east one oxide conprising one of titanium and

ni obium and (c) 20 to 70 wt. % of at |east one sulfate conprising at |east
one atom selected fromthe group consisting of calcium barium Zisatﬂmrm:,um
and lead, where (a) + (b) + (c) = 100 13. A catalyst as clained in claim
4, wherein the titaniumoxide is an ab ase-type titaniumoxide. 14_ A
rret hod of deconposing as clainmed in cl a:? m 8, wherein the 29 JUN 2004 -30
catal yst conprises, (a) 5to 30 w.% of water-insoluble vanadyl sulfate
((3 -Vv@s04); (b) 20 to 70 wt, % of at |east one oxide conprising one of
titani uncatad/stmicotprises: and (c) 20 to 70 wt. % of at |east one sulfate
conprising at a \’ a1:i ng of
i ba“u@%%}%mﬁfﬁ;ﬂ%@ﬂ Vﬁ] Q{H&Wgul%(@l{l)@ 0@@@(0% k ng | 5 A
met hod of decoiipozd iy 7@swt%aph@ule.am@na.wqmcoméﬁ@igno%@f iBGiee 3

anatase —fype titgni um oxide.
(c) 20 to 70 wi. % of at least one sulfate comprising at least ong atem
selected from the group consisting of calcium, barium, strontium and lead,

where (a) + (b) + (¢} = 100.

15. A method of decomposing as claimed in claim 14, wherein the
oxide is an anatase-type titanium oxide.




