~; edel FA@BvTep,1 r DESCRIPTION Catalyst for Deconposing O ganic Harnful
Subst ances and,Met hod.for Deconposing Organic Halides by Us

Technical field The present invention relates to a catal yst | w Hm wmmking
organi ¢ harnful substances such as organic halides. Mre specitl Ly, the
present invention relates to a catal yst ;f or deconposi ng harnful o¢rganic
hal i des i ncluding dioxins in an exhaust gas generated with burning of urban

garbage or industrial waste; or a treatnment of plastic materj
t hem harm ess. Background Art It hgﬁ Eeen reveal ed recentl yhn“ﬂwmwgﬂﬂw
har nf ul substances such as organic g F&@?IFﬁkluding di oxin C
chl orides, which are considered to be their precursors, are contd@%®&d in

t he gases which were exhausted fromthe incinerators for burning out urban

gar bage and ind i iditi I i fyi.ng_and fusing of
t he urban gar ba‘ﬁé%érl\g&? n ué:te??%?ﬁ‘aagﬁ'gg c}fnéé';gfd? ﬁ'l%grq,&%lﬁt é?ﬂs’sgSPﬁF&a‘b t that
organi ¢ hargéthoduestapeesmpBsing 08P AL diSs ang @Qéy:paefsgfpx"ns are
contained in the exhaust gases through thernmal treat’nent of plastic
materials used in hone electric appliances waste. Regarding the organic
hal i des, al t hough each of the conpounds have different toxicities, they are
strongly toxic in general, and ifMechhical Ifield particular dioxins are
considered to be deadly poi sonous which can strikingly affect the human
body, ani mal s arthelpreseny tavenhijodefredmitepy do di stahaliysr efdects of
hormones. Therefore, the pollution of the environnent becones now a soci al
probl em anddeEeaURPFdRIoPTERBLIEORASMEUYf syRAtAnCeR | sWel asm ehgankfaust

gases fromith urning treatne has. been urgently required. At present, as
r enovi ng nePﬂgageﬁf %Eﬁn%?qﬁég¥ﬁéﬁ+ﬁclﬁkﬁrﬁf?ﬁﬁﬁﬁrﬁPY&ﬂF%ﬁ% HeR® such

Contact decoRpBeP RSB Rofoh g ombRie Heatlien f rdette Rnbt 8ot nom o
tact d f SR |
cvoi 0 resyrtheRrarar o ng B S e 6 M HSILRM A e Whedfnd B0,
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the secondary treatnent which is required in the absorption nethod and the
i ke, the rmabepgalestoi makewthem 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 contained 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. Regarding the organic
halides, although each of the compounds have different

toxicities, they are strongly toxic in general, and in



+As .a catalyst used in the above described contact deconposing nethod,
various netal oxi-des such as vanadi um pent aoxi de and titani um di oxi de;
carbonates,; and silicates are known as described in Japanese Patent

Pubti cati on No.38863/94. They are, however, not practical, because they
require a high tenperature for deconmposi%ion and |long residence tine from
several mnutes to several hours. Vanadi um pentaoxi de-titani um di oxi de
catal ystsare disclosed in Japanese Patent Lai d-Open No. 144117/ 3l and
Japanese Papanticuldr@iaxiNgs atesiitidierdivbo de dbadl Bpaisonolsdddidin t he
gas to be treated or when S02 generates through the deconposition treatnent
( the oxi da€aBrseetkingly AfHpot e uman bpdyhi ghdmails ahé pkan$ bhe
catal ysts containi ngsvanadi um pentaoxide. As a result, there is a problem

that a | ar g€2uRbUAt 96Fo5Hd tYs of SIS RIE ehERete 95 Bo¥moRe®. appl i ed for

purification of jhe exhaust .gase cq: t ai ni SOx li\(]a;sides Nox. There is the

ot her probl emt hateT% ?roﬂ'geoPoﬁﬂ-él gé’tr’a?§t' e ovFonent -hecome 8 g1 ng to

the ti i i . i f hi ivit

Feduct | on’ cAgoEERL Ak a8 eautis orkbr AL EINERF ot np HiddR 1 dnce

to be treatgf tRet Qﬁhaﬁgie@%‘%e&f ﬁ&@tiﬁ'{%sﬁuﬂi&lﬁ%'@e%&?{ 35 Bebfduci ng
e |atiron o

agent, the catalytic activity decreases by accu ammoni am sal ts

of sulfur supfentl@rEtilBadi sutipEEsOnt | Be Ko\ Mg mEthoAE B QY d S

formed by reaction of ammoni a and SO03 generated as above. 2. There Is a
further probakidésadncliutind Atosingi, 27 Gied imeithy el s\fd ak MY RASRSLon

vanadi um pent aoxi de i s reduced and transferred to a water-sol uble vanadyl
sul f at e (VOBethbdvuagng appectiysitaids cardon/0804He mmul y iyl sne tHoE or
catalytic activity is reduced according to the time progress in their uses.
3 . Wen chfd?erfeact garcampesing me thod usdingliangatalyst mre g apasadc| uded

in the gas to be treated or when they are generated through the
deconposi ti ﬁlﬂoﬁgoEégg‘: EH&né’é’nitr?octhé%/‘?ﬁfﬁ‘FRQWi%dl‘ﬁ%h%dmﬁee%%hl?ﬂ-c

oo, B ERE B SR CHARE S R B PrabRR R Ss ilst
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-Open No.144117/31 and Japanese Patent
Lald-OpenNo.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



~cat.al yst as described in Japanese Patent Lai d-Open l avi - 4

No. 318, 135/ 96, ,and the catal yst containing nol ybdeniumtri oxi de as

descri bed in Japanese Patent Laid-Open No.117,557/96 are proposed. Further,
Japanese Patent Lai d-QpenNo. 386/94, US Patent No. 5,227,356 and Cernan

Pat ent No. 4,419,974 disclose a cataljs? Tn which al kaline nmetal sulfates
such as barium sul fate are added to vanadi um pent aoxi de-titani um di oxi de.

I n addition, Japanese Patent Publication No. 2,633,316 discloses a vanadi um
pent aoxi de-higher uindibgi ueet efigdhen catiadyisds candlaistingwivianadiam
resistance to inpurities such as nitrogen oxides, sulfur oxides and heavy
net al s contReRmeAOXHAQ. biATi Agreshhtist thase Faranhprabien yhptnasbapgeent
Lai d- Open No. 192, 455/97 discloses a catalyst in which the other conponent
is further BeRtf \2PmdisuimgRdnceskiveraitese satadvaitsxage. apphiedr
there has been a case where the catal ysts contai ni hg, vanadi um pent aoxi de as
the main act?v&® homQf B]éeierfé‘?ﬁ/‘ﬁtcﬂ&?fasi ﬁ°’t‘ﬁg?“i‘i‘b%r%:r%ﬁé€§5yet in
resi stance ainst HC or SOx, and, therefore, a catalyst of a higher
activity and #urability, which can be provided in a | ower cost, has been

required. Discl ofd®e 9k tHifot RYL Bod et 1 ﬁeaueiiaﬂ%fpﬁ?ésafcaig*&eti on .is

to provide a catalyst in a | ow cost, bthhlc hi gher activity an

durabil ity sepibetpiciniedaceordingotothe imeprdgrdds #nddeirngbeding an
organic halide ( s ) such as dioxin ( s ) as described above . The ot her
obj ect of t'Tire pfeskowihgvertisonsi £otro thieyiadt iwivet heduction cah be
deconposi ng an organic halides) using this catalyst in an excellent

ef ficiency. mgmtioned: nent of the catal yst for deconposition of an organic
conpounds) according to the present invention is characterized in

conpri sing a watler Regadine the mpthad | gfmeducing ife subsisedceehie be t he
cat al yst fogﬁdeﬁogpgsiﬁéon of an org ni c congounds§ according to the
present inveht#bR%i SRch3PaPTEFPRER BofRBrRLVAG BY PEiRg smEoBipJes
conpri sing S ed, fro r.ou nsi,Sti of titanium
Zireon um o SerieEneoRRBRLET he St RN i BeseraBY one

sul fate CO”Q&&%@G?%ggpﬁtSgsEmﬁshgﬁh?ga&EgnFEhguﬂﬁggpsﬁg *h8! bRfoRL R Kal | e

earth netals a and a wat er i nsol uble vanadyl sulfa od of

deconposi nop & P 488Ich R it d1vist) s8FEREE] Rihildh 1 92 oRMBAYY r&Q¥EbRON 1S
characterized in conprising the step of contacting the above catalyst with

the organi Cobahiflehsd aR@CBO]i GEnkealtdd RECaBByel Nvention, a catal yst
suitable for a purification freatnment of a gas containing an organic

hal i des) and a r&t e ideeofipothey pnoblgantitatadiime{ $theuskn@iking
catal yst can be provided. The catal yst has durability against HOJ or SOx,
and can be aebivity 0f §O0pohncusaseswhvwapbdlamhpghtnogdddenpssrédnoedctivity
can be obtained . Best Mdde for Carrying Qut the Invention
and transferred to a water-soluble vanadyl sulfate (VOSO,
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
quality occurs and the catalytic activity are reduced.
To solve these problems, the catalyst inwhichtin dioxide

is contained in the vanadiumpentaoxide-titaniumdioxide type

catalyst as described in Japanese Patent Laid-Open



«~The. catal yst according to the present invention conprises at |east a

wat er -i nsal ubl e vanadyl sul fate. - 6 This vanadyl sulfate (vanadyl

sul fate*having (3 type crystals: (3-VOS04) is that which per se can be
obtained as a crystal having bluish green color. An infrared spectrum

provi des characteristic peaks at 940 cmt1l- and 510 cm 1, respectively, which
are not observed in that of the water-sol uble vanadyl sulfate (vanadyl

sul fate having a type crystals: a-VOS04). According to the present

~invention, Mos3L8dlsanedyl andl frhke caealgishi &@n&hi'nﬁ!ﬂgt mo3y¥@efdums used.

Elution rate in contacting the solid with water is 10% or |ess than 10%
pref er abl y 24 oxiflesast HescribedhdnwaapaniessoPaltleatyaaddybpeunl f ate can be,
for exanple, produced by the follow ng nethods: 1. A nmethod conpri sing
addi ng a rcitel hdg.85@A06t areapxepasedonpbunthef, pdapanesenkatentt he

presence of_water to reduce its valence to that |less than 5; form ng
pr eci pi t at €L3#18nPREBHUIES Tt BF Ragepy NardP « 237, 356 andGammdnuPatant of

| furi i.d; i nir h i pitat ft drying. An alt ti
ot hot comI9 si hottSr A RgAnPeLPBer 4t caFrbReE bI uhioh sbFalhoe metaddi ti on
of an ammonj | f Lfuric.acid anadi onmpound havi n al ence
| ess than 5%H£ﬁ§9%§|%Pﬁ?ﬂasgkérgpgtﬁgﬁ?g?svgfﬁebﬁ 'gg.%?n?dﬁﬁbe?hgd

COmI ST 0o GetRGx ERTTRANY heal by Phe SU el | 3aXARAMY! poKELE! © and

cal ci ni ng. thod conprising directly calcinind va When

a carrier spghl86atibhCRo.abyBBRA2318CkIKR18EeEARDYAnaRI e |ike, a water
i nsol ubl e vanadyl in a state where it is |mmb|I|ze3 on a carrier can be

obt ai ned bypémpaegnati-ngtaniamsatiokias-tangkeen Reivxaady cathfaie into the
carrier and calcining it. Exanples of this solution includes the agueous

sol uti ons beibck hae meaic treatdeortol impheitbesesuet ledaitrbged, okidés, an
aqueous solution prepared by using a vanadi um conpound of pentaval ence, a
reduci ng sudstine oxiftesandheavyimesals edntalned in abutniag expaost

sol ution prepared by using a vanadi um conpound of a val ence |less than 5 and
an amoni un9&3t t HITREFIPTR. Jdaneness BatentLati19pem Noreb2d? ed59693i ned by

S0l Ut on or 4R leRS & kAl Y A TR R Fne AR AR RA D A SORERRE St
| t f i dat di id,

vanadi um pertaed e ° 7R Tin, AR ATHPRL! hEC HXARSUR. BLokTa D oin havi ng a
val ence | ess thappwevdP! €X&PR! Ras aﬁeélﬁgﬁlt cQ?Q. gﬁ?ﬁén@ﬂéug&g&?g%ggl and

vanadi um trioxi de can be used. Anpng t _ e nost pre bl e thing
to sel ect aEoRbaUflAGivMI@Hah Delftddiadd akt thE MElE bt v cdfiSoNbFYPOI Nt

of reproducibility of the catalytic effect.
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 the present 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 deécribed above. The

other object of the present invention is to provide a method



~As the reducing agent used in the above nethod 1, for exanple, at |east one

of organic carbhoxylic.acids such as oxalic acid, citric acid and tartaric
acid is preferably used. The water insoluble vanadyl sulfate conprises at

| east a type crystals ( a - VOSO4 ) and is characterized in that it is not
di ssolved in water and that the vanadiurm atom under the guadrival ent state
has the activity for the deconposition . In this point, this is basically
different fromthe conventional vanadi um pentaoxide in the type of the
active conp@fedecomposingyanagdrganicohahide (s wwingithisucddalylse ind
pentaval ent state. In addition, since the catalyst is water insoluble, it
has HCL residdt &¥cellant afiffclancys a sulfate, it has further SOx

resi stance. Exanples ﬁ; t he % n%un1su|fate used in the above nethods 1
and 2 include anftBnPURPHLLER ggg, hempt ket f9% decompesithosurtapd and
anmoni um per fate. n m_ a lum,sul.tate i s preferably because it
iS i nexpensio\g/: aéﬁ'é: i Oﬁ%‘r%)é‘g‘c%(}e’t SGE5AE (e t&‘&t RF?EFBFOIBEGBE%{SPnéE nor e
easily. Thi gﬁgﬁg ' Wor: S one

cat al yst for%h ecor‘r:gggis%&lo% nggﬁiggggﬁﬁg%ﬁﬁﬁ nd]'q“?blslé ‘?gvg‘#%fﬁgiiﬁgﬁl‘ar an

organi ¢ hal ipdther AmbdMRnCakathst 5881985t %&ffq%dm\b%ﬁgggkﬁio@gnby

conbining this water insoluble vanadyl sulTate wth an~oxi and a
sul fate(s). organic compound(s) according to the present invention is

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 HCl1l or SO4. and can be produced in a low

cost, whereby a higher decompositionactivitycanbe obtained.

Best Mode for Carrying Out the Invention
The catalyst accordingtothepresent inventioncomprises

at least a water-insoluble vanadyl sulfate.



~Thi,s conpl ex catal yst can be obtained the nmethods such as the foll ow ng
ones: A. A nethod conprising mxing the water insoluble vanadyl sulfate, an
oxides)'and a sulfate(s). B. A nmethod conprising inpregnati ng an agueous
solution for preparation of the water insoluble vanadyl sulfate into a
solid mxture of an oxide ( s ) and a'stlTate ( s ) ~ and calcining the

m xture after drying. C. A nethod conprising adding an oxide ( s ) and a
sulfate ( s ) into an aqueous solution for preparation of the vanadyl

sul fate to obtaiThassianafylasdlEatei fvagatipe sulfayet hasiolf § negheafter
drying. As the aqueous solutions for preparation of the water insoluble
vanadyl sul cavetaded BnVeHe4 hethddatBwiridhCperhee cangbe clytsbned sas ut i ons
before cal cinin jtn tﬂe above methods 1 to 3, i_. a . , an aqueous

sol ution pr épﬁFgﬁ By BRYHRY PVEERGRRe L F9d0%d MR IRE R G aRagideum o

reduci ng substance and an anmgni ym salt of sulfuric-acid;. an aqueous
sol ution prBﬁQ?’g ey ‘ﬂ"ﬁr %z‘fr\?‘é"ﬁ i BRI RUNA4Rafmng andaldEftecmess than 5

ei ng vanadyPeBRarAr S Hra it G s el OO ERRG T LR GRG e oy

usi ng vanady al ate and an ammoni um sal aqueous

R e e

with the water 1nso e vana exanple, a

oxi des, whi ebyma@s@n@m).Sekeééﬁéiﬁg%tﬂh%gi@geneoﬁ% £y L4 ani um

zi rconium niobium nol ybdenium tungsten and chrom um ‘can bé used. Anpbng

them niobi solpanvansage eulfaid yUntaitiing de Aeasyspivbse)did Rsd@st
preferable one is titani um di oxi de.
Elutlon rate in contacting the so0lid with water is 10% or

less than 10%, preferably 5% or less than 5%.

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

1. Amethod comprising adding a reducing agent to vanadium
compound of pentavalence in the presence of water to reduce
its valence to that less than 5; forming precipitate from
a solutionobtained by addition of an ammoniumsalt 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 ammoniumsalt 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 the like, a water insoluble vanadyl in a state where it

is immobilized on a carrier can be obtained by impregnating



<As a method of producing titaniumdioxide, the ordinary nmethod such as the
sul fate nethod ,orr the.chloride nmethod can be nentioned. Titani um di oxi de
can be al so obtained by calcining the internediates) such as netatitanic
acid obtained in the production process_of these nmethods . As the
crystalline type of titanium dioxide, ~al though either the anatase-type or
rutile-type nmay be used, the anatase-type is nore preferable. The other
oxi des may be produced by an ordinary nmethod such as the nitrate nethod,
t he sul f at eang@hatiandEamhfozmilog vanadyhoilfate idtol thescarmsedearst t o
pl an by usi naésuch oxi de g s )_to further inprove resistance against HCl
and SOX, asC@eFiniBgiHe EXAPPLESIRSERLS Fodugd of tprludes the adueaumady|
sulfate as thE %Ctive anﬁone'??to in the catalyst. As the above_sulfate
conbi ned wi ERTPHEORE: BFEPHE ot IGR ong din: the appge Jreieds sbiifat es

I df I I [ h I d | ead |_f b
ieed. as tna-atkal non Aol R3utEbh pERbALEATER, €Pard AR B gnesi um
rethod of borTEeaaparen ARG, EShor R Gancd AR A Al AP ot 7

met hod of bariumsulfate 1s not , se pro

preci pi tati ga1e86H 130G 1R2s¥1E; RAVEGLeBRE SR 1 %%BQF%& %grd%]ﬁsd n a
machi ne, for exanple, may be used. It is considered"to plan thi

conbi nat i onaofarddburs Wonlotnd of U4 valllerid®de¥e Shae0hRa0hn tdidndifilad VSt
formed in a from and resistance against SOX. As the conposite ratio of the
above t hr eessdtpohenilfurticaacid; Eincagateus isedaltivneprapadyl cotdiates may be
selected fromthe range of 0 . 5 to 100 Wt . %, preferably 1 to 30 wt . %
, especi al | pypreirgapppadyl coxalate angd :an emmesfiumesalk de (swlfummy be
selected fromthe range of 0 to 70 wm,% preferably 20 to 50 wt . % that
of the sul f&F&d¢ éng yaguegus 8ptutiepnef h\éa#*aﬁiji; slfate. 70 w. %

f bly 20 to,5Q.,wt. % _The t t f | Gi ni to f th t
neol ubl e vanadyb® St FPBeRAGmEORRaId % mRoFir Peol o Leathatn
| f at . j { |.cinati t I
Cenper at or P GRORHE patEEel e foh Rl e RgRey bl nall
i nsol ubl e vapagdy! vanlahdm {35 YeCi 18 It’iéll aked, hi Pfih&f”p %at%II%eat .

results in deconposition of the water - I nsol ubl'e "vanadyl™ s

thus formedvalh@i@naEsmpduif hakvengas vl i EE3E WitarBY PEr Bldfded from
the range from 250C to 500C, preferably 300C to 450C. As noted above,
accordi ng tattheastteneg df oanaddun diertidensnat vanadile twtaiide bl e
vanadyl sulfate alone may be used, in the condition where it can be

opti onal | y eanusiesy oAmangiifens| it isdire mast iprefexatyle o en sedteadtyst by
conbi nati on of the above specific oxides) and sulfates) with the water

i nsol ubl e vaRAQRLUR |Mefiavanadale 38d they astabhing metemied | inmdhee

optionally carrie n ublicly- carrier. Excellent properties such
as the catal ?Y’Bog{}% Q?tg?pﬁﬂﬁﬁ%II§$f¥@§nﬂ f R ﬂﬁt%I%B’e?t‘?/g%%‘ﬁt be further
obtai ned by form I al.yst.. . The, cat.al yst e used in a
desired shape fgﬂrggtﬁéj%d{%Rge)ég%%tt I.1¥%d in ghe above ment?I'I/o&) 1, for
example, at least one of organic carboxylic acids such as

oxalicacid, citricacid and tartaric acid is preferably used.

The wa_ter insoluble vanadyl sulfate comprises at least
B type crystals (8- VOSO,4) and is characterized in that it
is not dissolved in water and that the vanadium atom under
the quadrivalent state has the activity for the decomposition.
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



~deconposition reaction. For exanple, it may be used in a form such as

pell et, sphere, granule, plate, honeyconb or three-dinensional net forns.
The size as the pellet form for exanple, its diameter may be from1l mmto
50 mmand its length nmay be 5 mmto 60 mm The dianeter in the sphere form
may be for exanple in the range 1 nm £0®50 mm The size in the granule form
may be from1l to 40 mesh. Wien it is fornmed in a plate, honeyconb or

t hree-di nensional net form nore preferable effects can be obtai ned by
forming it Penbhavatentshate. i I additiembeingerthaecatadlyssgiamatean reach
to from5 to 400. Such forms can be obtained, for exanple, by formng a
precursor oinEALuBLEalishagdiGl segdstppcey; ant. giagealydis pamidats ¢ er

cal ci ni ng accor di ng to an ordinary method. Wen - 12 the oxides) and the
sul fates) atk Bl8dEuEtheraPPikeFesbstaRedi ng and the water insol ubl e vanadyl

sulfate is carri i arrier...a conpl catal yst in a desired shape
czl;n be oiat ai nedll'g’gm&g]?%]hg earlglé?rpr'ﬂSBg?agéuisﬁdtlﬁgg%ép’Pé(&’?#ﬂﬂ %enpit
i S necessar i . i t at.al vst. dependi n
o 1o shapk 208 2 £hE] AREGnich SRERAN LAl c o Ao fatlu) BE £ 6 il i PCO T
whi ch has usedrbee SABahMMbniGRNBELSALEARY . DanbiRf 3 Ogazi;rll&rheihjmrequi red.

VWhen the catalyst is coated on a desired carrier of the shape such
as sphere, phateteridppresecably becalies ithes Galkapknlive deked diibles

cal cination on such carrier, the catalyst of the desired shape can be

obt ai ned bytéopmépgrehtheacataelypertesebénobbainesdi mere feagilyhe smal |l er
size (when the pellet, sphere or granule formis used) and the greater cell
nunmber (when t hhdfplaitwataempiagodnbler vahadel dividsticocan hetuded glare
preferabl e, because the total surfaces becone greater. Regarding the cases
that pressu?® ¥ SRtV G decompesddionc PEdap kgl ¢ aamraund(s t hat

occur, t oye.sizes are preferable. The

bl ocki ng by, dust n_easil e

target to b:éndgﬁﬁﬁ%‘aggarc ﬁ BEQQP?‘FCF%‘}fS? B&conposed by contacting the
catal yst obtain d V., i as. j.ncludi ng _an.qrgani ¢ halides)
as the target tgﬁb%%oég%}r?rp%%g%fﬁ%% zbega%sltf%&%‘giiv Xr?g?%c#d%ﬁffcby_

waste cah’ pEoREMILnGOERTS MakRe PRPG}D0s DRI Hu APl Ay, U ¥

subst ances éﬁiag(gycgﬁéoaegulggtggg organi c chl orine hydrocarbons and -
13 organic brom ne hydrocarbons. The organic chlorine hydrocarbons include
chl or odi oxi ns arthi®looplexndatsilgst eahsdhlodtelnedeant e €hd@s aldtanes and
pol ychl or oal kanes such as chl orobenzene, dichl orobenzene, chl orotol uene,

chl or ophenoas ablde chbdilowknfgaareschl or oal kenes and pol ychl or oal kenes such as
chl or oet hyl ene. SA'I'hg organi ¢ brom ne hyd;‘ocar bons i n;l ude br onodi oxi ns and
pol ybr onodi oxi ng?+ fd PREsiNG MiBipgddiecemeer Andopublbranagiyianes
such as brom)iﬁn ene, di bromﬁgﬁgzene, br onot ol uene, bronophenol ,

pol ybr onobi PAthPFeet ABr OX4H8 #Rdne: suibAbal Ktnes and pol ybr onoal kenes
such as bronoet hyl en The catal.yst _accordin 0 the present invention can
be effectively ersl'eg ﬁ%%?%‘gtco%@d: ésj‘ggn’ETPE?%’égB{‘nﬁ’gé’s?ggﬁ%uﬁtﬁ?ﬂdlﬁ?c?‘bf t he

above compopgLs,: diied eImPIaH YhE et N5 LANIAG! 1Bhahhe Salalyst And the

substance to be treated 1s preferably in e range When
the reacti oa soanRehek o e ict 40V delldn e sl () Aah@Rl afhlr{dﬂe
activity becones | ower owing to high absorption of the organic halide(s).
When the tethermixtaresabtghedrybag.300C, there is a case that resynthesis
of dioxins can occur fromthe deconposition products in the dioxin
deconposi ti on. Fegamgitigddenpctsing gddhnganesciaid ( < Joand acarifestid (N

into an aqueous solution forpreparationof 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



+treatnment, the space velocity may be selected fromthe range of 1, 000 to

20, 000 h.1 to,obtain preferable effects. Further, the nost preferable one
isin the range from2 , 000 to 7 , 000 h_1. - 14 The deconposition
treatment can be carried out at an oxygen concentration in the range froml
to 99% preferably from5 to 30% Since?the catalyst according to the
present invention has an excellent resistance against SOX, it is especially
suitable in the case when the gas to be treated includes SOX ( x=1. 5 to 3
0 , for eagupbus)sptutiens befopepcabeinsnaghishtlgergyaie fEdhedsi ng t he
heating treatnent for deconposition. As the equi pnments for deconposition
using the chedl ydt. @cc@nlpayeovstsmlptisyeprepavedt by ms ingoa evdreevd g a
structure may be used, which conprises a deconposition area capabl e of
mai nt ai ni ngct)mﬁoea@ah?g%ngap%*a%a%@mce Nt oeRANGNG gstanee an@aard into
t he deconposition area; means for cqontacting the gas thus introduced with

t he cat al ys?mgnﬁ’éﬂr%a]fBPfe&‘FHHJr%GC& a%nlq%%elﬁ’(ﬂ%ﬁﬂﬂ‘élﬂém% on

P ea. The: chRan8iRgoe YebaR iRt SRedimd Fev hd 4 Hatnie HEsbe it Snal |y
oresent i nvand Eh o excﬁieﬁt‘*ffa&"??ﬁ#yi%gna%r a%fﬁt'*f‘e%g&%'%%imlﬁf s’
operat i on fgfebaeeatbyeusﬁ E?(b@aﬁéé 1 6881t &nh §1thd dhg & Wug eé%‘ ci ency

can be greatly i1 nproved | es] Herel na e present

i nvention mshlfbeiaoa@iape&nd Iaialadqyle%%crsbmadibn Efa\m&‘% gl {eqpar ative
Exanpl es, the present inventionis not limted to them anples 1 to 21
and Conpar aandetheabpkes 1 to 22 Exanples for Catal yst Production - 15
(Catal yst A) Ammoni um net avanadate (50g) was added to water to dissolve it
by heating at 80%s &he Q&ié@eowhdx}éll is cambdneskwitlathawdeerstisoluigle o
reduce vanadi um. Then of ammoni um sul fate was added into this solution
cont ai ni ng Véﬂé@i’tynﬁﬂ%ﬁa@)%gf% exanRha aak-1eawt ine jafirfihen ekbiesle and

260g of bari fate were added one by one . The obtai ned sl ur sol ution
was dried WERCE éavsyoa?ya'f%'ng?ges%% o< Sramaie FRANR CANTHEIngas

o udi g 1 ELEEhRLAC sPRNERL LR Ch 1S %?.‘ﬁéixﬁﬁénfﬁ@a;’ SngPFaRorndns (o
drying the ghighngd, ps;éheaé @%adof akg tﬂ@ﬁeoﬁ g ?o%g?gb%,ga“ the

catal yst A conpri si hg a water-1n$

E (Cgt V|OSO:1) Bi):ﬁ@aﬂ&uﬁ{o @ioki&érﬁfﬁnﬁé?ﬁld%n@‘@hgzm%t%Péf@f‘ébﬂg‘ Sibfase.
alys

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 thenitratemethod, the sulfatemethod and the chloride

method.



~Catal yst B was obtained in the same manner as that for catal yst A except

that the pellet size was changed to 1.6 mm ~ and 3 mmin |length. (Catalyst
C) Catalyst C was obtained in granules of 10-20 mesh by grindi ng Catal yst
A. (Catalyst D) Catalyst A was crushed and a honeyconb catal yst of the cel
nunber of 35 per square inch was prepér%ﬂ'by using the crushed materials

t hus obtained according to an ordinary nethod and a piece of 12 mmw dth
and 18 cmlength was cut out to obtain Catal yst D. - 16 (Catalyst E)
Cat al yst D was obtdisreensideryed tomlarabyasiang such okddeCat)at g SurAhexcept

t hat ni obi um pent aoxi de was used for the anatase-type of titanium di oxide.
Cat al yst D doppovedteisftance/aghins hdliCdrand8ol ubssweohbhadyths aktdtd ty
(3-VvV0s04 ) 59 wt . % of ~ni obi um pent aoxi de and 32 wt. % barium sul fate.

(Catal yst FP2E&E0y 90 QhsPersiPR&E therranadive swdfade as thmactdve

Catal yst A eécegtn that th anaé;aie- E:ype of titanium di oxi de and barium
sul fate wer €°H8 Sg(gd.ln( aFff‘ f éﬁ)g Ammoni um net avanadat e (100g) was added

t ter to di ' heat i 3q..of !
bar At ungst at e vea® apetoNsL FOLERRePboRbEn BRI Stk ATRRC LA bd e e o
titani um di %lhﬁa?g@@ﬂﬁaﬂ@? oAdsd nidrd thfﬁ%%téé’i‘eéﬁe@rﬁgﬁ‘ﬂ Su%@%t%'s“r ry

solution. The obfained slurry solution was dried wth a spray dry to give

powder. A so&l hlrEnine ehrvAimstdns asderbdd dur Y AdiebH AN . arg t he
m xture was kneaded and nol ded by extruding in pellets of 3 mm~ and 3 mm

in | ength byhenadxaddder eafthemedalisng caleiaht abaed upg! Istiroradaind, ot hey
wer e baked at 500C to obtain the catalyst G conprising 9 wt . % of vanadi um
pent aoxi de, magngss iumgast be wsgsk.enAmongthes , dvair Bim wis. o of prefemrabiedi oxi de.
(Catal yst H) Catalyst H was obtained in granules by crushing Catalyst Gin
10- 20 nesh. Althoxpohsthqproductionmethod of bariumsulfate isnot limited,

those produced by the precipitation 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, ahd resistance against SO,.

As the composite ratio of the abdve three componenté,
that of the water insoluble 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 td 50 wt.%.

The temperaturé fpr calcining to formthe water insoluble
vanadyl sulfate may be that at which the insoluble vanadyl
sulfate can be made. There is a tendency that calcination
at alower temperature results indecline of convert efficiency

into the water insoluble vanadyl sulfate, while calcination

at a higher temperature results in decomposition of the water



- 17 Catalyst G was crushed and a honeyconb catal yst of the cell nunber of
35 per square inch was prepared by using the crushed materials according to
an ordihary nethod and a piece of 12 mmw dth and 18 cm | ength was cut out
to obtain Catalyst I. (Catalyst J) Amoni um net avanadate (100g) was added
to water to dissolve it by heating at~8dCand 510g of the anatase-type of
titani um di oxi de and 276g of barium sulfate were added to this solution to
prepare the slurry solution. The obtained slurry solution was dried with a
spray dry tangblebpewsdanadglssullfaseothusofowamiedr. Wibezddeadet,0 thiee obt ai ned
powder and the m xture was kneaded and nol ded by extruding in pellets of 3
mm ~ and 3 @alcAnpshgnhtenperatyre may beAsedected figomhehenangednem | et s
again, they were baked at 500C to obtain the catalyst J conprising 9 wt . %
of vanadi unRpent abxi 3@0°C59 pate fmustb kyurif €n tor i46%°6e and 32 wt. % of

L2 .21 e ) SO B AL 0 R
catal ytic et PYEpeipH e Wl 'RV RRRIT. 2t AR BLORT it 00,

of the anat g\%ggﬁ,}’ﬁﬁ gfr}glt {:Bﬁ&h’é%ﬂi ?ﬁia?@ i )é’éheég‘é"gﬁt%'h%‘h Ay dry

to obtain p anpunt of water was a to the obtalined powder

and the m xpyr g pasikeegdreopndcaprdes ;byuneX Wil dd td Bfst oby3 mMm ~
and 3 mmin Iengpﬁ -§18 oby gn extrudern. After “drying thfg}obt a¥ned

pel | ets agaicembinayivar efbekedabbvé38fetafrobt akndelle )Candl vl fat@(d)he
anat ase-type of titanium di oxide. Test Exanples Using the above catal ysts,
the foll ow wdgtheshe weter cimsolubbetvarladWCBulktateasay il wodd vidry & est 1
MCB (rmonochl or benzene) deconposition activity tests were carried out using
cat al ysts Acopdifiop where itdmaydbel eptiangdily warnged dmraged in a
cylindrical glass_reactor of 30 mm- to occup£ the volune of 10 ml. A gas

d

havi ng a coRPRLACLENKIPWROCAEIARE -0 BXGHLASRRIPIOPEELIRE SIGh Bfydihe
t ai ni 16 | d t ti | | dt
Geconposi £1 SRPATE PoRShRES kR, r ForrBhE By S dieandnd heihet CF can 18 oci 1y
d at I t oC f h . Data b
the react! odorsher' BERELARH. By BbMfiler shion™ Mot et Oh Fate (%

by gas chromat Ogﬁﬁehkétéﬂf‘éfsxh§¥mﬁé Gabguhat 8daaci¥edl B LdKs equati on:

((MCB concentration at the inlet) - (MCB concentration at 'the outlet ) /
(MCB concengedbinpesatibheredketioh . x 289) ex&aﬁgbysa& fhayEb@%s%@&Ei by t ed

hi gher deconposition rates in conmparison with Catalysts G J and

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 50 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 1ts cell number per one inch-square 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



. [Table 1) - 19 Catal ystReaction Tenperature ( C )MCB Deconposition

Rat eExanpl.e 1A18099. 9Exanpl e 2A16099. 5Exanpl e 3~A14099. OExanpl e

4E18098: 4Exanpl e 5E16098. 1Exanpl e 6El 4097. 5Exanpl e 7F18095. 8Exanpl e
8F16095. 4Exanpl e

9F14094. 0Conpar at i veExanpl e1G18086. 7Condpar-at i veExanpl e2GL6082. 5Conpar ati veE
xanpl e3GL4078. 1Conpar at i veExanpl e4J18085. 2Conpar at i veExanpl e5J16080. 9Conpar
ati veExanpl e6J14076. 5Conpar at i veExanpl e7L2000. 1Conpar at i veExanpl e8L1800. 0
2) MCB Decompesbkiide (8¢t anidt yheesulZzaCal(@d)y sirdDudied dd 4 heafOrdr ofor

honeyconb shape of 12 nm square section and 18 cmlength was filled in a
st ai nl ess sfesmia8UsShdr tae twatémvimgp uli Be nrasadpl esseEatonis A@msiddvi ng a
conposition of 10 volume ~ oxygen and 90 vol une ~ nitrogen containing 16
ppm MCB wasoal Ebhedcavrient i aucemplex cab@ly$t oln andiesibrednpivape i can
reaction was carried out for 5 hours at 7,000 hr-1 of the space velocity
and at the PeRt{inped by forming the carrier per se in the desired form.

When it is necessary toreinforce the mechanical strength
of the catalyst depending on its shape, an additive(s) such
aswhisker, fibers, clayorbinders, whichhasused forcatalyst
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 cari easily occur, the above
sizes are preferable.

The target to be decomposed can be efficiently decomposed
by contacting the catalyst obtained as noted above with a
gas 1including 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



~tenperature of 200C. Data for the 5-hour reaction are exhibited in Table 2.
The deconposition rate was obtained in the sanme manner as that in MCB
deconposition activity test 1. [Table 2]

Cat al yst React i onMCBTenper at ur eDeconpoesasi-on(~C) Rate (% Exanpl e
10D20090. 9Conpar at i vel 20080a8Exanpl e 9 3) Deconposition activity test
agai nst DXNs DXNs (di oxins) deconposition activity test was carried out

using Cat a'&%éi% 2o eGhl}d}%éé’ LAY S ARl dric VeR1btingd in a

cylindrical reactor having nm square section to occupy a vol une of

60 m. A 9%?&1%‘6&1%&1‘%‘3 1SR IdHIbISd ek M0 Wi % OXYERTor SQ1¥RLNEE %0
nitrogen and 10 vol unme % st eam contai ni ng di oxins (2378-T4CDD, 123678- H6CDD

and 08CDD) peA yidhaloridhd phi¥stl sonselbt dalkansssananpoalichd oavadkawesi n Tabl e
3 was allowed to continuously flow and deconposition reaction was carried

out at 10, Gthhrasl aifl ddobespaaes vedibchlgrabenzenapechiloretioduesen 140C and

180C for 300 hours. Data during the reaction between 200 to 300 hours are

shown i n Tafileplitwldenshpdsieremethare; chloroalkenes and
polychloroalkenes such as chloroethylene. The organic
bromine hydrocarbons include bromodioxins and
polybromodioxins; polybromobiphenyls; bromoalkanes and
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 decompositionproducts in thedioxin
decomposition.

Regarding the activity and the cost for decomposition
treatment, the space velocity may be selected from the range
of1,000t020,000h_1toobtainpreferableeffects. Further,

the most preferable one is in the range from 2,000 to 7,000

nt.



= 21 (9% was cal cul?é according to the equation: ((DXNs concentration at

the inlet) - (DXNs concentration at the outlet) / (DXNs concentration at
the inlet) x 100). [Table 3] Catal yst Reactionlnlet conc. Qutl et DXNsTenp.-

(O ngTEQ NnB~hConc. Deconposi ti onngTEQ NnBhRate ( % ) Exanpl e
11A16012. 00. 17798. 5Exanpl e 12A14012. 00. 20298. 3Exanpl e

13B14012. 00. 03299. 7Conpar at i veGL809. 80. 73992. 8Exanpl e

10Conpar ati veGL1609. 80: 91 190. 7Exanpl e 11Conpar ati veGL409. 81. 2087. 8Exanpl e 12
4) Test of HClL rBResiefeBPesitdan tFeptmendncan peadidangiatowf aCamnount s
gener ated during deco OEi ng Cat ali{st C,_ Hor Kwas charged in a
cylindrical °§V88§ ‘F%%gg’a ragtlen im,the Fangefromd £8199%. srefegablymch gas

conposed O}‘\/Eégmvgl gma \‘s’%oxygen, and 90 volunme % nitrogen containing 100 ppm
or 16 ppm fad 5P 3%8a to conti nuously flow to deconpose themat 3 , 000

Conf i Tm &t endergyiar T FEELEy SOLEMAR L BN e S B HNGS’ o)
1o, 5"} 2hEd i HIEotaURTHNe aRon aefind St o ARG 10"
suitable in the case when the gas to be treated includes SO,
(x=1.5t03.0,forexample)perse,orcomponentswhichgenerate
SO, during the heating treatment 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 treated 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 theaction of thecatalyst fromthe decomposition
area. The exhaust gas after the decomposition treatment may
be optionally subjected to various 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 invention will 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



. [ Tabl e 4] PassageMCB Concentrati onMCB ConcentrationTineat the Inlet:at the
Inlet:(hr.)100, ppnl6

ppnExanpl eConpa- Conpa- Exanpl eConpa- Conpa- 14rati verati veldrati verati veExanpl
eExanpl eExanpl eExanpl e13141516Cat al yst Cat al yst Cat al yst Cat al yst Cat al yst Cat al
yst CHKCHK199. 316a034. 599. 785. 286a5( 997 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. 8
83.885.2(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) (16.0at@aly st (A)B. 6) 10091. 446. 952. 999. 483. 184. 6(91. 4) (46. 9) (52a9
) (15.9)(13. 3)(13.5)12590. 850: 253. 7---(90. 8) (50. 2) (53.7)15091. 052. 353.9---(9
1. 0) (52. 3) (53. 9pmRId. WEMeGEvanadabe . 6509D. was583d8pd to waterh&onunber in
each pair of the blackest nmeans the HCL anount thus formed (ppn) based on
the MCB dechbposive okt b hgating ont 2Q7Cviengl 1259 of 5821dgt akydtwAs G or J

h d | indrjcal .gl t f ~ I f
Tomt. A gacdded ST CRHEPERGT 280 -ERRGR, vapadisl. 7hea.\ 6 BreRu i trogen

and 10 volu % inLno.Q..1 .vol %,sul fur_.di oxi de s.allowed to
cont i nuousl%q%zgvﬁrgﬁ%ﬁfﬁgf:? Qé CFagéd\,\gg%gFﬁﬂé‘d S@H‘tut ong o MPH of the
space vel ogj Cd 4 a t 0 C hour s.
ata af tor Goiadtuf dEEB10D CETDARIANRFLDELLERY, of it anifl pifds

sul fur di oxdgle 2609 &@Bﬁk‘h.ﬁfn%ﬁﬁ’aéé‘%e%%l@éd&f'oné(tgzgnﬁQnoﬂ&! bBthefed! the
inlet ) - ( SOZ concentration at the outlet) / ( SOZ concentration at the
inlet) x 108)urry-scutidmblas Sdried ariyii Readiradn @dylald glve powder.

Rat eTenper at ur eof S02(~C) (9% Exanpl e 16A1800. 4Exanpl e 17A1600. OExanpl e
18A1400. OCcursanadill amGLad2o5Eratet evds Godest &bi ve&ldida Hted puivder and

| 8Conpar ati veGl401. 2Exanpl e 19Conpar ati veJ1803. 3Exanpl e

20Conpar at | Y9 Mot WS afas KneadedAnd imadsed hyl exttradiing 1n ppllets
Deconposition activity test on bronobenzene Catal yst A or G was charged in
a cylindricef yirms @k ommpinpdength thy deceRtrudas .unmdfseridryiing A gas

havi ng a coqgosition of 10 vol une % oxygen and 90 vol ume 9% nitrogen
containim;t e obtained pellets again, thése were baked at 430°C to obtain

the catalyst A comprising 9 wt.$% of a water-insoluble vanadyl
sulfate (B-VOSO,), 59 wt.% of titanium dioxide and 32 wt.$%
of barium sulfate.

(Catalyst B)

Catélyst 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 1en§th.

(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.



++ 25 16 ppm bronobenzene (MBB) was allowed to flow and data after 5 hours
at 6,000 hr 1 of 'the space velocity at a reaction tenperature between 140C
to 160C are shown in Table 6. The oxidation rate (~) of MBB was cal cul at ed
according to the equation; ((MBB concenfgation at the inlet) - (MBB
concentration at the outlet ) / (MBB concentration at the inlet ) x 100).

r - 26 [Table 6] Catal ystReactionDeconpositionTenperatureRate of

MBB( ~) (~O) Exanpl€ I 9%80@8%§Exanpl e 20A16098. 5Exanpl e
21A14098. . 1Conpa Gt . bExanpl e 23Conpar ati veGlL6080. 8Exanpl e

24Co | veGL4QY, £E§? I L al | icabili A di h

pr esgﬁﬁr ?E]{/\éﬁt i on,ty% a ;ﬁ)yg‘}sz%gr% éﬁsélt&f I.Ol{a}i Eé\gp%‘%ﬁg "Ifadweéroégcgbamgetﬁoat °
hi ah g it . .

Ui 1 cat | op satfag STENgRE et Ab M Berho b el bRetCbotha < )

such as di Oéﬁhé\tésé—):y?é et edtahavm dioan@_t.heéata$99£dbneoﬁlgriﬁédp esent
I nvention, a nethod of deconposing an organic halides) 1n a high efficient

by using thet catod hswater-iﬁ%olhBlBa&éMa&ﬁrsultﬂ&ePQF?W%)UF‘F%QW%99 to the
\Y Y,

present invention is excellent not only in its acti rabilirty and S02
resi st ance ¢Hrntebbupopentanxdfieanndr §2nivt . Rabiaddum Sulfatleyt also in
substantially no oxidization of S02 to SO3 as well as in that a.t is HCl
resi stant. Ther fGaEalystiE) suitably used for highly efficient
deconposition of the organic halide ( s ) in the cases that dust is coexist

. the gas to be $3AERC Fomas pPtadued, 1pcthe pyaneglannarast shat for
deconposi t I(?Qtaa{]?gt A except that the anatase-type of titanium dioxide

and barium sulfate were:not used.

(Catalyst G).

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 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
Gcomprising 9 wt.% 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)



r ,, 1 - 28 CLAIM5S 1. A catalyst for deconposing an organic halide ( s )

characteri.zed in conprising awat er-insol ubl e vanadyl sulfate ( (3-V0OS04 )
2. Acatalyst as clainmed in claim1l wherein the catalyst further contain at
| east one oxide conprising an atons) selgcted fromthe group consisting of
titanium zirconium niobium nolybdenum tungsten and chrom um and at

| east one sulfate conprising an atom( s ) selected fromthe I, group

consi sting of al gal [ rle earth nmetals and lead. 3. A catalyst as clainmed in
claim 2 wherein GHGHETWO Wag, grushed andj@ hogeycomp eatalyst of dhe t he

sulfate ( s n 5.10.100 wi.% of the water-insoluble vanadyl sulfate
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chl or odi oxi ns and pol ychl orodi o%ﬂpnszgn 0 yéﬁ%lrlgb? p gﬁyﬁéagﬁﬁg%%yfgnes and
pol ychl or oaltkanes; chl oroal kenes and pol ychl or oal kenes; bronodi oxi ns and
pol ybr onodi oxi ns; pol ybronobi phenyl s; bronoal kanes and pol ybr onoal kanes;

and br onpal kenes (@atafgisstbrilgnoal kenes. 7. A catalyst as .clained in claim®6
wherein the organic halides) is at | east one of chlorodi oxins and - 29

pol ychl or odi oxi némmoaliygh mertahigrizeiates , ( 100g)r slasn2dded dioC Ratedbarzene,
chl or ot ol uene, chl orophenol, chl oronet hane, chl oroethyl ene, bronodi oxins
and pol ybr oddisedives 1tpblyyheatbbogpatrg0°s, andosbbgrae e anatageberpane,
br onot ol uene, q_ré(%rg&‘phenol, )gfl%brormbisqt)hen | ether, brononethane and
br omoet hyl efF. 18- TaRIHM i Piskde) anshnfrdh Pfomarium isalifade) were 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 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
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the catal yst described in any one of clains 1 to 5 to-deconpose the organic
hal i de(s). 9. A nethod of deconposing as clainmed in claim8 wherein the
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equation: ((MCB concentration at the inlet) - (MCB

concentrationat theoutlet) / (MCBconcentrationat theinlet)
x 100). ' |
Catalysts A, EandF exhibited higher decomposition rates

in compariSon with Catalysts G, J and L.
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(C) Rate (%)
Example 1 A 180 99.9
Example 2 A 160 99.5
Example 3 A 140 . 199.0
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 5| J 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

lCatalyst 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 square section. A gas
having a composition of 10 volume % oxygen and 90 volume %

nitrogen containing 16 ppm MCB was allowed to continuously
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flow and the composition reaction was carried out for 5 hours

at 7,000 hr' of the space velocity and at the reaction

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
(C) Rate (%)
Example 10 D 200 90.9
Comparative I 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

to 300 hours are shown in Table 3. The decomposition rate



.10 . 10 s0&$10% & ()-F .10% U& ()-, 10% U& ()-*10% U& ()- ,) 10%

U& ()-+++++ Y, dEYNCI | F - 10907& ()- 10967& () - 10967& () - 10967& () - @O%& () -
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(%) was calculated according to the equation: ((DXNs

concentration at the inlet) - (DXNs concentration at the

outlet) / (DXNS concentration at the inlet) x 100).

[Table 3]
Catalyst | Reaction Inlet conc. | Outlet DXNs
Temp.(°C) | ngTEQ/Nm*h | Conc. Decomposition
ngTEQ/Nm*h | Rate (%) |
Example 11 1A 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 9.8 0.739 92.8
Example 10
Comparative | G 160 9.8 0.911 90.7
Example 11
Comparative | G 140 9.8 1.20 87.8
Example 12

4) Test of HC1l resistance

To confirm influence by difference of HCl1l 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 cdmposed 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-1 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
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in that of MCB decomposition activity test 1. The results

thus obtained are shown in Table 4

[Table 4]
Passage | MCB Concentration MCB Concentration
‘Time at the Inlet: at the Inlet:
(hr.) 100 ppm 16 ppm
Example Compa- Compa- Example Compa- Compa-
} 14 rative rative 14 rative rative
1 Example Example Example Example
! 13 14 15 16
Catalyst | Catalyst | Catalyst | Catalyst Catalyst | Catalyst
C H K C H K
1 99.3 16.0 34.5 99.7 85.2 86.5
(99.3) (16.0) (34.5) (16.0) (13.6) (13.8)
25 94.3 49.0 51.1 99.9 84.2 85.9
| (94.3) (49.0) | (51.1) (16.0) (13.5) (13.7)
i 50 92.0 52.9 53.2 99.8 83.8 85.2
(92.0) (52,9) (53.2) (16.0) (13.5) (13.6)
76 91.1 52.3 53.5 99.8 83.6 84.8
(91.1) (52.3) (53.5) (16.0) (13.4) (13.6)
100 91.4 46.9 52.9 99.4 83.1 84.6
(91.4) (46.9) (52.9) (15.9) (13.3) (13.5)
125 920.8 50.2 53.7 - - -
| (90.8) (50.2) (53.7)
| 150 91.0 52.3 53.9 - - -
(91.0) (52.3) (53.9)
175 90.6 50.9 53.5 - - -
(90.6) (50.9) (53.5)
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h& ()-GH, I-1. | / |'Bre ndnper ip each pair of the blackest means the HCl
amount thus formed (ppm) based on the MCB decomposition.
5) Oxidation activity test on S50,
Catalyst A, G or J was charged in a cylindrical glass
reactor of 30 mm ¢ to occupy a volume of 10ml. 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 to continuously flowand their reactionwas carried

outat 5,000 hr-1 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,concentration at the outlet) / (SO, concentration

at the inlet) x 100).
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Catalyst Reaction Oxidation Rate
Temperature of SO,
(°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 chargedina c’ylindricai glass reactor

of 30mm¢ tooccupyavolumeof 10ml. Agashavingacomposition

of 10 volume % oxygen and 90 volume % nitrogen containing
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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
providedat a lowcost bywhichahigheractivity and durability
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
invention, a method of decbmposing an organic halide(s) in

a high efficient by using the catalyst.
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8. A method of decomposing organic halide(s) in

a gas characterized by contacting a gas containing an organic
halide(s) with the catalyst described in any one of claims
1 to 5 to decompose the organic halide(s).

9. A method of decomposing as claimed in claim 8
wherein the contact between the organic halidé(s) and the
catalyst is carried out at a temperature from 140 to 300 °c.

10. A method of decompo»sing as claimed in any one
of claims 8 and 9 wherein the orgaﬁic halide(s) is at least
one of chlorodioxins and polychlorodloxins;
polychlorobiphenyls; chlo:oalkanes 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, bromodloxins and
polybromodioxins, polybromobiphenyls, bromobenzene,
dibromobenzene, bromotoluene, bromophenol,

polybromobiphenyl ether, bromomethane and bromoethylene.



