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1 ' TI TLE -OF THE | NVENTI ON A METHOD FOR TREATING (76?77 ;7

CONTAI NI NG ORGANOHAL OGEN - COVPOUNDS, AND CATALYST FOR DECOWP IQ§THE
NOHAL OGEN COVPOUNDS 5 BACKGROUND OF THE | NVENTI ON

The present invention relates to.a nmethod for deconposi ng organic

conpounds. contai ning hal ogen, i.e. 10 fluorine, chlorine, bronne, and

t he llke 'such as chl or of  uor ocarbon group (CFC group, for instance

_flon) - trichloroethyl ene, nethyl brom de, halon, and the |iKke,

usi ng catalystTgiigcbbvehﬁ Iﬁ@ﬁ ipQolhe catal yst for deconposi ng
or gani ¢ conpounds cont al ni ng haFogen which 15 nmaintains its activity for

a l'ong tine. | a vefhe wlmmsndéwmhm@ ORGANOHALOGEN
chl or of | uor ocar bon, trlchloroethylene met hyl brom de, hal on, and the

l'i ke, have beecomdehnsvsmb @ATADPST FOR DECOMBOSIRG MQRWMBOGENF e
extingui shers, fumgating 2 agents, and others. However, it has been
poi nt ed out thgOMPOUNDS | '

5

_BACKGRCUND OF THE INVENTION

The present invention relates to a hethod for
decompoéing organic compounds containing halogen, i.e.
10 fluorine, chlorine, broﬁine, and the like suéh as
chlorofluorocarbon group (CFC group, for instance flon),
trichloroethylene, ﬁethYl bromide, halon, and the like,
using catalyst effectively, and to the catalyst for
decomposing organic compbundS'céntaining halogen,_ﬁhich
15 maintains its activity for a long time.

Organohalogen éompounds such as
chlorofluorocarbon, trichloroethylene, méthyl bromide,
'halon, and the like, have been widely used as foaming
agents, refrigerants, fire extinguishers, fumigating

20 agents, and others. However, it haé been pointed out that
the organohalogen compouhds cause'destruction of the
ozone layer of the earth,.and give serious influences to
thé environment suqh.as enhanced generation of
carcinogenic substances. Therefore, various methods for

25 décomposing treaﬁment of the'organohalogen compounds
have been investigated. - .

As the decomposing treathent.method,-combustion

technology at an elevated temperature, and-plasma



t he organohal ogen conpounds cause destruction of the ozone | ayer of
the &arth, and give serious influences to the environment such as
enhanced generation of . car ci nogeni ¢ substances. Therefore, various
met hods for 25 deconposing treatnment of .t,he organohal ogen conpounds
have been-.investigated. As the deconposing treatnent method,
conmbustion ~ -technology at an el evated tenperature, and-plasm '

2 - technology are main stream However, these nethod has a - | ow

energy ef fici eRQERAYIE aire METH s€Feam| HERe?EP) these meéthdditlas @I
electricity, and a probl’em of generating damages at reactor wall by

generated corr quwenbeh9oerfridigncy benanidlity reghtrekas Targe knduhes a
| arge | oss of energy when content of the organohal ogen conpounds in

t he treat of Fael,s drowldadtriteitygntamt \a pisskdiem 9§ ggenstaicing
using catalyst is an effective and superior nethod, which I s capabl e
of treating theayagyes &t reachosr walilf byhgenefatedakcpsirosayeahalbgeni ent |y
hi gh perfornance. .

5 gas. Especially, the plasma method has a large loss of
energy when content of the organochalogen compounds in the
treated gas is low. On the contrary, decomposing methods
using catalyst is an effective and superior method, which
is capable of treating the gas with low energy if the

10 catalyst has a sufficiently high performance.
As methods using.catalyst for decomposing
organochalogen compounds, the methods using catalyst
_ containing titania (TiO, ) and tungsten oxide ( WO;) have
been disclosed in USP 5,292,704 and USP 5,176,897. The
15 catalyst disclosed in the above references contains Wo,
0.1 ~ 20 % parts by weight to Tio, 100 parts by weight
(in atomic ratio, titanium is in a fange of 92 mol % ~
99.96 mol % , and tungsten is in a range of 0.04 mol %
~ 8 mol %). The catalyst maintained a decomposition -
20 fraction of 99 % at 375 C for 1500 hours in order to treat
CCl, of ppm order. However, influence of the organohalogen
compounds as catalytic poison is caused by fluorine,
.rather 1argerAthan chlorine. Accordingly, anti-halogen

catalyst, which is scarcely reactive with halogen

25 elements both of chlorine and fluorine, is required.

SUMMARY OF THE INVENTION
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As met hods using catal yst for deconposing or ganohal ogen conpounds, the
et hods using catal yst containing titania (TiJerr]) and tungsten

bxi de ( WJerr]) have been disclosed in USP 5,292, 704 and USP
5,176,897. The 15 catalyst di'sclosed in thg above references contains
V[Ierr]' 0.1 - 20 %parts-by weight to Tiderr] 100 parts by wei ght

(in atonmic ratio, titaniumis in a range of 92 nol % ~ 99.96 nol %,
and tungsten is in a range of 0.04 nol % - - 8 mol %. The catalyst

mai nt ai ned a deconpopié i SBjedd df atié Predertd Mvaintitn [ MidCprovitfd0
hours in order to treat Cl[err] of ppmorder. However, influence of

t he organohal ogeigh perfogmandedeasalystatyt idequupusing omrgasmhatlpgfelmorl ne,
rat her |arger than chlorine. Accordingly, anti-hal ogen catal yst, which

is scarcely r eacmiposinds h i aperal Bt elsneapabbet of csupptess hrg and
fluorine, is required. SUWARY OF THE | NVENTI ON
3 - Heaaitbians off filherpnesand ¢chieninenin $£he oxgenobalogen hj gh

performance catal yst for deconposi ng organohal egen
5 compounds, and of malntalnlng the high performance for

a long time, and a method for treating gas containing the
organchalogen compounds. '

The present invention relates to a method for
treating gas flow containing organohaiogen compounds by

10 contacting catalyst, whi?:h doritéins'titania and tungsten
oxide, at a temperattire lower than 500 C in the.presence
of an effective amount of'steam, whérein the gas flow is
contacted with the catalyst containing titania, tungsten
oxide, and silica to decompose the organohalogen |

15 compounds to carbon monéxide, carbon dioxide, and
'hYdrogen halides. The catalyst contains silica in the
range of 0.5 ~ 15 parts by weight to titania 100 parts
by weight, and the atomic ratio of Ti : W is 20 mol %
~ 95 mol % Ti and 80 mol % ~ 5 mol % W.

20 The present invention further relaﬁés to catalyst
COmprising titania and tungsten oxide for treating gas
flow containing organohalogen compounds, wherein the
catalyst for decoﬁposiﬁg the organohalogen compounds
.containé silica in the range of 0.5 ~ 15 parts by weight

25 | to titania 100 parts by weight, and the atomic ratio of
Ti : Wis 20 mol % ~ 95 mbl $ Ti and 80 mol % ~ 5 mol %
w.

The inventors achieved the present invention on the



e

conmpounds, the catalyst is capable of suppressing reactions of
fluorine and chlorine in the organohal ogen 5 conpounds, and of maintaining
t he high performance for along tine, and a nethod for treating gas
cont ai ni ng the organohal ogen conpounds, - The present

I nvention relates to a nethod for . treating gas flow containing -
or ganohal ogen conpounds by 10 contacting catalyst, which contains titania
and tungsten oxi de, at a tenperature |ower than 500 [err]C in the

presence Ghadis & f actb¥al&neptainéd P dmveshdgRitidmeno@etaidvof s
contacted with the catalyst containing titania, tungsten oxi de, and

silica to deconpbgle peeformancéatatedbyst) whaohoisdeapabier bfin nonoxi de,
carbon di oxi de, and hydrogen halides. The catalyst contains silica in
t he range décdmposing prgasohgylegenhcompoundanwathod haghs by
wei ght, and the atomc ratio of Ti : Wis 20 nol % - 95 mol % Ti and
80 mol % - 5 noéffiegien@y, and ighecareetyitdeheshorahedubyhbalpgeares to
cat al yst conprising titania and tungsten oxide for treating gas

f1 ow cont ai Ai ngetPeR o§ éﬂoﬁbﬂﬁouhﬂsthﬁhﬁﬁéFﬁaﬂﬁé and thgtalyst for
deconposi ng t he_organohal o en co ounds contains silica in the range

of 0.5 - 15 par{@ceHPoRtt hen QF§1t@ﬁﬂtalfOEhﬁd??%?%ﬂﬁﬁwﬁﬁﬂﬁalQ%ﬂﬁttua

atomc ratio of _,  Ti qgl % ~ 95 nmol. % Ti_.and 80 %-.5 nmol %
titania, s1i 1ca, and tungsten oxi e, wherein silica is

contained in the range of 0.5 -~ 15 parts by'wéight_to
titania 100 parts by weight, and ﬁ:he atomi_c ratio of Ti:
10 Wis 20mol % ~ 95 mol % Ti and 80 mol % ~ 5 mol % W. Surface
of titania in the catalyst is desirably coated with a
porous layer made of either'oné of silica and tungsten
oxide. A desirabie method of the présent invention for
Itreating the gaé ié, using the above catalyst, that the
15 gas flow containing brgénohalbgen compouhds less than 10
vol.'% is contacted_with'the catalyst ét a temperature
beloﬁ 500 C in the presence of'steam.less.than 30 vol. %
of total gas flow to decompose the organohalogen compounds
to carbon monoxide, cérbon dioxide, and hydrdgen halides.

20 It was revealed that the catalyst had significantly
superior décomposing.activity and high dﬁrability, when
a porous layer made of silica was formed on surface of
the titania particles, and further a porous layer made
of tungsten oxide was formed on the porous layer made of
25 silica, or when a porous layer made of tungsten oxide was
formed on surface of the titania particles, and further
a porous layer made of éilica was formed on the porous

layer made of tungsten oxide. The catalyst contains



- .
W The inventorss achi eved the present invention on the

N basis of a result obtained by investigation in detail of hi gh
performance catal yst, which is capabl e of deconposi ng or ganohal ogen
conpounds with a high efficiency, andgis scarcely deteriorated by

hal ogen, 5 especially fluorine, in the reactants and the

deconposi tion products. That is the catal yst containing titania,
silica, and tungsten oxide, wherein silicais contained in the range

of 0.5 - 15 pag3ib%,"ei¢hhiuf, and thnditenldQ RAHfordbMRixidy the
atomc ratio of Ti: 10 Wis 20 nol % - 95 nmol% Ti and 80 nol % - 5 nmol %

W Surface migtutel, abiraal Bompaekabxiviel. | shierhesb! yrceategowous a
porous | ayer made of either one of silica and tungsten oxi de. A
desirabl e net hpdyer mhdepogseflicavesnt tangbten oxider ¢st degirhblgadni s,
usi ng the above catalyst, that the 15 gas flow containing organohal ogen
conpounds | esstheawapge of vl .~ % immcontacted with the catal yst at a

t emperat ure :
Titania, itself, has a high activity for

decomposing organchalogen compounds. However, the

activity decreased gradualiy if F existed in the treating
gas, because the number of active points in the catalyst

decreased in accordance with forming a compound, i.e.

10 TiOF,, and eliminating titania from the cétalyst. On the
other hand, silica itself does not have a high activity
for decomposing organohalogen compounds, but has an

. effect to prevent the decrease of the active points by'
combining with titania. |

15 Tungsten oxide is scarcely reactive with fluorine,

| and tungsten oxide has an effect to prevént titania from
forming a compound with flon. However, tungsten oxide
itself has a small specific surface area and low
activity.

20 | The catalyst accordiné to the present invention
containing titania, silica, and tungsten oxide is
scarcely deteriorated with HF and HC1, which are
decomposition products, and.a high activity is

.maintained for a long time. |

25 As a method for forming a porous layer made of silica
or tungsten oxide on surface of particles made of titanié,
an impregnating method comprising the steps of

impregnating a solution containing Silica or tungsten
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bel ow 500 [err]C in the presence of steamless than 30 vol. % of total
gas Bl ow to deconpose the organohal ogen conpounds t o carbon nonoxi de,
carbon di oxi de, and hydrogen halides. 20 It was reveal ed that -t he catal yst
had significantly superior deconposing activity and high durability,
when a porous |layer made of silica was fornmed on surface of t he
titania particles, and further a porous |ayer nade of tungsten oxide
was formed on the porous |ayer made of 25 silica, or when a porous |ayer -

made of tungst entQxitdfe Wirticled WA ON Si¥dLe, ind 'ealéiming BReti cles,
and further a porous |layer made of silica was fornmed on the porous

layer nmade of tgyigsices)Xadfetida wirirdibla S6DEBiOA containing silicasili ca,
titanium and tungsten in a formof an oxides m xture, or a conpl ex

oxi de. Thi cknesa afuridsteporiziapplied aytio paat iefles ldfca itaniangstrea oxi de
I's desirably in the range of 1 [err] - 5 mm 5 Titania, itself,
has a hi gh act idegosiftofon methtet mgroderqusedjanohal ogen conpounds. However,
t he activity decreased gradually if F existed in the treating

5 When the catalyst, wherein surface of the titania
particles are coated with silica, and further coated with |
tungsten oxide, is prepared by the impregnating method,
the amount of silica is desirably in the range of from
0.5 to less than 2 parts by weight to 100 parts by weight

10 of titanium, and sizes of the titania particles are
desirably in the range of 2 ~ 4 mm. The catalyst has a
"siénificantly higher activity than the catalyst made of.
titania-tungsten oxide and a preferable durabiiity as
shown later in the embodiment 2.

15 When the catalyst, wherein surface of the titania
particles are coated wii:h £ungsten oxide, and further |
coated with silica, is prepared by the impregnating
method, the amouni: of silica is desirably in the range
of 2 ~ 15 parts by weight to 100 parts by weight of

20 titanium, and sizes of the titania partiéles are
desirably ih the range of 0.5 ~ 1 mm. the atqmic ratio
of Ti : W is desirably 20 mol % ~ 90 mol % Ti and 80 mol %
~10mol & W. In accordance with preparing the catalyst
described above, the catalyst has a significantly higher

25 activity than the catalyst made of titania-tungsten oxide
and a preferable durability as shown later in the

embodiment 1.

In the step of impregnation, when the organohalogen
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gas, because the nunber of active points in the catalyst decreased in
accordance with formng a conpound, i.e. 10 TiOF2, and elimnating
titania fromthe catalyst. On the ot her hand, silica itself does not
have a high activity for deconposing nganohangen conpounds, but has
an effect to prevent -the decrease of the active points by

conbining with titania. 15 Tungsten oxide is scarcely reactive wth
fluorine, and tungsten oxide has an effect to prevent titania from

form ng a conpqsighomdd lfs|9ﬂnol"£&ﬁ@ha\ﬂ1%@9§ﬁé'b%&?atom, théeltomias a
smal | specific surface area and | ow activity. The cat al yst

according to thaticemt TinYert iordesiralsDPtE0 Molg & F—t 80i @ol s ITLandnd
tungsten oxide is scarcely deteriorated with HF and HC , which are

deconpositi on @Eohaed $ ~abd mohi ghwmacwhent yhesmoleculeai Indai tnvasl dfaybom | ong
time. 25 As a nmethod for form ng a porous |ayer nade of silica
or tungsten oxiaoms, shd atomifc pattiocbfs Tade Wofist deanrably 20 mol $
i npregnating net hod conprising the steps of i mpregnating a solution
cont ai ni ng &l ic85drol InFétand 80 mol ¥ ~ 15 mol ¥ W, because the number
of halogen atoms contained in the molecule is increased,
and further, the porous layer coating the surface of the
titania particles is desirably thick. Content of silica
is desirably in the range of approximately 0.5 ~ 15 % by
10 weight to titania in either cases. |
The titania particles of the present invention are
. most desirably granular shapes formed by a roll-
pelletizing method. In this case, porosity of inside the
catalyst can be readily cdntrblled;

15 - The catalyst added with at least one element selected
from the group consisting of S, P, Mo, and V was found
to be further improved in durability as catalyst.

The amount of S, P, Mo, and V is desirably in the
rangé of 0.001 ~ 10 mol %&.

20 The catalyst relating to the present in_vention can
be used by forming in the shape of particles, pellets,
or honeycombs. The shapes can be formed by an arbitrary
method such as extrusion, pelletizing method, or
roll-pelletizing method. In the above case, alumina

25 Cement, calcium-sodium cement, and other ceramic;s and

| organic components can be mixed in order to improve

-strength of the shaped body and to increase the specific

surface area of the catalyst. Naturally, the catalyst can
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6 _ into the particles nmade of titania, and calcining the

particles, a method wherein a solution containing silica or tungsten
Ps applied onto particles of titania, or a deposition nmethod can be
used. 5 - When the catal yst, wherein surface of the titania

particles are coated with silica, .and further coated with t ungsten
oxide, is prepared by the inpregnating nethod, the anount of silica is
desirably in the range of from 0.5 to less than 2 parts by weight to

100 parts by weighsedlfn Pfothic¥beihga\bpdEesd e:fithh?rah&mi:a:a&&ritézcl es
are - desirably in the range of 2 - 4 mm The catalyst has a

significantly higieasiehebrie madenot el wukid wit s fibilea &y a method such

titani a-tungsten oxide and a preferable durability as shown later in

t he enbodi nent & anlimpregnatliag méthodtand sthe Mikeei Fusthérmere/ thee
titani a particles are coated with tungsten oxide, and further-

coated with silc¢atalyst prapdredusedtie anforynefibging coatedodntoha anount
of silica is desirably in the range of 2 ~ 15 parts by weight to 100
parts by wefghthepeyoomb (90X oa phatesade 7ef @Eramics @unRalghrlicles are

desirably in the range of 0.5 > 1 mm the atomc ratio )
- s raw materials of titanium for preparing the

catalyst relating to the present invention, titanium

oxide, various titanic acids which generate titanium

oxide by heating, titanium Sulfate, titanium chloride,
10 organo-titanium compounds, and the like aré usable.

A desirable method comprises the steps of
precipitating hydroxide of titanium from a solution of
the raw material by adding ﬁater, ammonium agueous
solution, alkaline solution, and the like, and finally

15 forming oxides by calcination.

As raw materials of silica, silica sol is usable.

As raw material of tungsten, tungsten oxide,
tungstic acid, ammonium paratungstate, and the like are
desirable. Raw material which contains both phosphorus

20 and tungsten such as ammonium phosphotungstate -is usable.

The catalyst of the present invention is less
deteriorative as the more acidic the active points in the
catalyst are, and éontainihg components, which enhances
the acidity of the catalyst, such as S and P is also

25 effective. The S exists in a form of oxide ion such as
sulfuric acid ion, and the like.

The organohalogen compounds, which are objects of

the present invention, are organic compounds which



of Ti : Wis desirably 20 mol %- 90 nol % Ti and 80 mol % - 10 mol %

W In accordance with preparing the catal yst - descri bed above, the
catalyst has a significantly higher 25  activity than the catal yst nade of
titani a-tungsten oxide and a preferable durability as shown later in

t he enbodi nent 1. In the sted of inpregnation, when the

or ganohal ogen ' S - ' 7 conpound is
a nol ecul e havi ng one carbon atom the atomc ratio of Ti : Wis

desirably 40 mol_ %~ .90 nol, % Ti d D | % - 1 . %W th
molecul & has t w§QBkAdh at. leag};ﬁg& ORE .Qtfo%ilér'r‘%rr&ﬂed_ 6:?11%5%@% iasn\%ggi r abl y
20 mol % 5 ~ 85 mal %.Ti .qnd 8 l, % ~ 15 _mol _%.W__b th m

of Egl ogen ato r&%ﬁinaﬁ H'&Ijli : P\?greﬁg‘ﬂ&&“_& ' ?ré?ﬁrgrré‘\é\élgd,%%i%%%-ang Pﬂrtﬁrer,
th I ' t 3 ' i ti '

(e, Porous, | oY ei R FHARF <R BErosty her b ] bELETARS

approxi mately O. +} q%é 10 weight to titania in either cases.
The titania parta?lc ei‘éog@lt e present invention are - nost desirably

granul ar shapes for mg¢hdty fidP!113 or methyl bromide is taken as an
example, the follov}ing reactions are generated by .

contacting with the catalyst:

' CCl1,F-CCIF, + 3H,0 — CO + CO, + 3HCL + 3HF

10 CH,Br + 3/20, — CO, + HBr + H,0

In order to perform .the decomposition reaction for
an organohalogen compound haviﬁg two cérbon atoms, steam.
in the gas to be treated is désirab]_.y adjusted to exist

15 at least threé times in moles of the organohalogen
compound. Inaccordance with performing the decomposition
reaction under the atmosphere described above,
improvement in decomposition efficiency can be expected.
Further, an advantage that the decomposition product can

20 be obtained in a form of hydrogen halide, which can be
readily treated in the down-stream treatment, is
realized. If the steam is less than three times in moles,
the above advantages can not be rea.tlized-sufficiently.

‘Concentration of the organohalogen compounds in the

25 gas to be treated is desirably less than 10 vol. %. if
the concentration is as high as exceeding 10 vol. %, the
activity of the catalyst is apt to be deteriorated even

if the catalyst has a porous layer made of tungsten oxide.
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pel l etizing nethod. I'h this case, porosity of inside the 'catalyst can

be readily controlled. 15 The catal yst added with at |east one

el enent sel ected - fromthe group consisting of S, P, Mb, and V was
found - to be further inproved in durability as catal yst. The
anount of S, P, Mo, and Vis desirably in tH& range of 0.001 --10 nol
% 20 ' The catalyst relating to the present invention can be
used by formng in the shape of particles, pellets, or honeyconbs. The

Ay PR A e e e e s e
| um 25 ' i ugr d - ] ’
or gani o componerte SEi e rh S SfEer Ao ity die FERERI or (e
shaped body and Lo, inelLaif is WiHdsion of mitekasq 8F°2n' rbheesdpd Vst
urally, the catal'yst can _

o e or o) SRS R LAY 6O ranifch o (he
5 concentration is too low such as less than 1000 ppm, an
energy loss is génerated, even if the eneigy necessary
for'the'decompositioﬁ is smaller than that of other
'treating methods. Naturally, the concentration of the
organohalogen compounds in the gas to be treated varies
10 depending on the amouht of halogen elements contained in
the molecules, a concentration of the organohalogen
compounds in the range.of 0.1 ~ 10 vol. % 1is desirable
when the organohalogeﬂ compound contaihing'one carbon
atom is treated, and a concentration of the organohalogen
15 compounds in the range oflo.l ~ 6 vol. % is desirable
when the organohalogen compound containing two cérbon
atom is treated.
The_temperatuie of the gas flow which is contacted
with the cataljst is desirably utmost 500 C. If the
20 -catalyst temperature exceeds 500 °C, a reaction of the
catalyst with F occurs feadily,.and the performance of
the catalyst is épt to be deteriorated. When an
organohaldgen compound ha{ring one carbon atom is treated,
the temperature of the gas flow in the range of 250 -~
25 450 C is desirable. When an organohalogen compound |
having two carbon atoms is treated, the temperature range

0f'300 ~500 C is desirable, because sometimes the amount

of the halogen atoms in themolecule is increased. However,

-



e

as an i npregnating nethod and the |ike. Furthernore, the  catal yst can
be used in a formof being coated onto a -5 honeyconb or a plate nmade of

teram cs or a netal. As raw materials of titaniumfor preparing
t he ‘catal yst relating to the present glment ion, titanium oxi de,
various titanic acids which generate titani oxi de by heati ng,

titaniumsul fate, titaniumchloride, 10 organo- t_| t ani um conpounds, and
the |i ke are usable. A desirabl e net hod corrpri ses the steps of

brect pi taling 'WHLRLAE EqkhbatHHeh! SBhBoSAkY! hOR Beated Hieal av

material by ad nmoni u t I on,

sol ution, and t1|5€m éf&tufadeﬁeeéamg gpof@ '&Esdéh/onﬁﬁdﬁﬂféﬁon

As raw materials o lica, silica sol is usable. As raw materi al
of tungsten, %‘ﬁé&@@t@xéﬁ’@h as HF ! &S HCL agl d h briipe BEE @t & NEEdWRL €,
and the like are desi rabl e. Raw nateri al contains both
phosphorus 20 fimdHe rgfdaratieh aatoadimglyy mmjiohuagbéat andspipedl e.
The catal yst of the present invention is |ess deteriorative as the
nmore aci di c 5t heoficthe eopganbhalogéhecompoundt &rpat iageapprafatust arei ng
conponent.s, whi ch enhances the acidity of the catalyst, such as- S and

Pis also 25 etdrroded. £38t, Sandi costi iox maintehangedadsi dncresseds

sulfuric acid ion, and the like. | .
: A space velocity of the gas to be treated is

desirably in the range of 500 ~ 100,000/hour. When an
organohalogen compound having one carbon atom is treated,
10 | a space velocity in the rahge of 1,000 ~ 50,000/hour is
des_irable, and when an organohalogen compound having two
carbon atoms is treated,I a space velocity in the range
of 500 ~ 10,000/hour is desirable.
'i‘ypes of the reéctor_usable fér the pi‘esent invention
15 are any dne of convéntional fixed beds, moving beds, or
fluidized beds. However, because of generating corrosive
gas such as hydrogenlfluoride.and hydrogen chloride as
the decomposition produhctls gas, it is desirable to compose
the reactor so that the decomposition products gas can
20 be contacted with alkaline solution for removing acidic
components as soon as passing through the catalyst layer.
The treating apparatus for decomposing_
ofganohalogen compounds desirably comprises at least
- organohalogen compound supplying apparatus, steam
25 supplying apparatus, air supplying apparatus, a reactor
to be packed with catalyst, a heat.source for heating
catalyst, the catalyst, and a decomposition generated gas

scrubber. When the organohalogen compound to be treated



The organohal ogen conpounds, which are objects of t he present

i nvention, are organic conmpounds which contain-at |east any
one of fluorine, chlorine, and bromine in its nolecule such™as various
chl oro- fluorocarbons(flon),trichloroegpylehe,nethylbronide, _ and
the like. 5 When flon 113 or nethyl brom de is takeh as an

exanpl e, the follow ng reactions are generated by contacting with the
catal yst: - Cl[err]F-COF[err] + 3Herr]O- CO+ CJerr] + 3HA +

3HE 10  CHl erg{Bin+a 3 2 flrdtate attdsti ItempdFaturé 1 compound In
order to performthe deconhposition reaction for -an or ganohal ogen

gomoound havi ngié\éyhs?ﬂfzbéw e inte@@ucing liAtbheheasatalpst (THaed i s
esirably adjusted to exist - 15 at least three tinmes in noles of the
or ganohal ogen CABPREthods Nfer dreatainre thd kagaliyetyi hgathng by an
deconposi tion reaction under the atnosphere described above,
electric furnace can be used, and a method of introducing
5 a éombustion gas of érépane, kerosene, town gas, and the
like mixed with the organohalogen compound and steam into
the catalyst layer is usable. As matérials of the reactor
packed with the catalyst, coriosion resistant materials
such as inconel, hastelloyi and the like are desirable. -
10 The decompositioh products gas scrubber has
desirably a structure having a high efficiency in
scrubbing the décomposition generated gas by a spray tank
and a preferable ;esistance against pipe-clogging by
crystal deposition, such as bubbling the decomposition
15 generated gas into an alkaline solution, or scrubbing the
decomposition generated gas by a packed tower. Further,
the whole apparatus.of thé treating apparafus can be
loaded onto a truck and transported to a place such as
a recovery site of discarded refrigerators, automobiles .
20 and.the like, or a storége site bf cylinders filled with
the organohalogen compo'unds', and the like for extracting
and treating the contained organohalogen éompounds.
Circulating pumps'foi scrubbing liquid in the |
decomposition generated gas scrubber, and an exhaust gas
25 adsorbingtowerfofadsorbingcarbonmonoxideandthe1ike
in the exhaust gas can be loaded onto the truék

concurrently. Furthermore, a power generator, cylinders

filled with fuel such as propane, kerosene, town gas, and



| nprovenent in deconposition efficiency can be expected. Further, an
advant age that the deconposition product can 20 be obtained i'n a formof
hydr ogen hal i de, which can be readily treated in the down-stream
treatnment, is realized. If the steamig | ess than three tines in

nmol es, t he above advantages can not be realized sufficiently.
Concentration of the organohal ogen conpounds in the 25 gas to be treated
is desirably less than 10 vol. % If - the concentration is as high as

exceeding 10 vothe A ikéefor th@Giéating Holree iR étlosd@bionto bthe
deteriorated even I f the catal yst has a porous | ayer nade of tungsten

oxi de. truck concurrently. 10 If the treating
concentration beconmes high, the anount’ of generated HF and HC
i ncreases, and accor@hegtatalyst pfothenpresehtainventdenohast avdtigh al of
the reaction apparatus are generated. Contrary, if the treating 5
concentration iactiolityWWeuehlengl e ¢ [Therefreyprheshreatingmetfod oss is
generated, even if the energy necessary for the deconposition is
smal | er thaf t hE@r gecempasing organohalogen compounds relating to the
' present invention requires substantially no catalyst
exchange operation, and the like.
Impregnation method is the most desirable for
preparing the present catalyst. In accordance with the

10 impregnation method, a §orous layer made of silica,
tungsten oxide, and the like can be formed on surface
of porous titania parficles, and concurrently, silica
and tungsten oxide can be dispersed uniformly ihside the
titania particles. Therefore,-eﬁen if the silica of

15 tungsten oxide layer at the surface of the titania
particles is fallen off, the reactivity of the titania
particles with fluorine is maintained scarce, and the high

~activity and the long durability of the catalyst can be
ﬁaintained. '

20 Furthermore, if Mo or V is added to the catalyst
containing titania, silica, and tungsten oxide, the
durability of.the'catglyst'can be improved; because
molybdenum oxide or vanadium oxide covers the surface of
the titania where has been exposed by falling off the

25 tungsten oxidé._

Acidity of reactive points is increased if SO, ions

exist in the-catalyst, and the catalyst becomes less

deteriorative by HF and HCl in the decomposition



treating methods. Naturally, the concentration of the or ganohal ogen
conpounds in the gas to be treated varies 10 depending on the anount of

hal ogen el ements contained in the nol ecul es, a concentration of the

or ganohal ogen conpounds in the range of,0.1 - 10 vol. %is desirable
-when t-he organohal ogen corpound cont ai ni ng one- car bon atomis treated,
and a concentration of the organohal ogen 15 conpounds in-the range of 0.1
- 6 vol. %is desirable when t he organohal ogen conpound cont ai ni ng two
car bon atoFkbauEanted. . The tenperature of the gas flow
which is contacted with the catalyst is desirably utnost 500 [err]C

If the 20 catalyst tenperature exceeds 500 [err]C, a reaction of the _
catalyst with F occurs readily, and the performance of - the catalyst is
apt to be det er BRIBFEDESOREPTAON OF DRAWANGSal ogen conpound havi ng one
carbon atomis treated, the tenperature of the gas flowin the range
of 250 - . 25 450 [err]C is desirable. Wien an organohal ogen conpound
having two carbon atons is treated, the tenperature range of 300 ~ 500
[err]C is ddsirabl e, Féoadsdssanstrrpbs ipgdcatdng: CFCl2decompoaibien at ons

in the nolecule is increased. However, ) .
fraction of the catalyst made of titania~tungsten

oxide-~silica in an embodiment of the present invention,
and of the catalyst made of titania~tungsten oxide in a
comparative example, |

10 FIG. 2 is a graph indicating a relationship between
the CFC12 decomposition fraction and reaction time of two
kinds of titania-tungsten oxide-silica catalysts having
a different content of silica each other,

FIG. 3 is a schematic drawing indicating an

15 embodiment of the composition of the organohalogen
compound decomposition apparatﬁs,

FIG. 4 is a schematic drawing indicating ahother
embodiment of the composition of the organohalogen
compound decomposition'apparatus,

20 FIG. 5 is a graph indicating CFC12 decomposition
fractions of the catalyst made of titania-tungsteh
oxide-silica in other embodiments of the present
invention, and of the catalyst made of titania-tungsten
oxide in the comparative example,

25 FIG. 6 is a graph indicating a relationship between
CFC12 decomposition fraction and reaction time on the
catalyst made of titaniaftungsten oxide-silica in the

embodiment of the present invention, and on the catalyst



when the organohal ogen conpounds are treated at a tenperature
exceedi ng 500 [err] C, gases of-deconposition products such as HF, and
HC at a high tenperature flow in the apparatus. Accordingly, reaction
tubes and pipes 5 of the organohalogen_cogpound treating apparatus are
corroded fast, and cost for maintenance is 1 ncreased. A space
velocity of the gas to be treated is desirably in the range of 500 -
100, 000/ hour. When an or ganohal ogen. conpound havi ng one carbon atomis

treated 10 &foge cilaifid tdrydtin 62068 16f tie 0ofiparat AUURRIL 5

desi rabl e, and when -an or ganohal cgen conpoun avi ng two carbon atons
is treated, a sfyfe velocity in the range of 500 ~ 10, 000/ hour i5s
desi rabl e. Types of the reactor usable for the present invention

15 are any one of cergemnt ienalgrdpiednidddat ingyangeetifonstiip betwder di zed
beds. However, because of generating corrosive gas such as hydrogen
fluoride and hHURGEN decompdsition fracitdotcandppsattbonptiecirs tdaes, it
is desirable to conpose the reactor so that the deconposition products
gas can 205 beadmiyst exhde tof at kanibe-twigstem dxideesblicy inithe
conponents as soon as passing through the catalyst |ayer. The
treati ng appar &mhodigente @hpche rpresent invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

10 FIés. 3 and 4 indicate examples of the apparatus to
be used in the method for decomposing organohalogen
compound relating to the present in#ention. FIG. 3
indicates an example when the organohalogen compound is
gaseous at room temperature, and FIG. 4 indicates an

15 example when the organohalogen compound is liquid at room -
temperature.

The apparatus shown in FIG. 3 is explained
hereinafter.
Concentration of CFC12 gas 1 to be treated is

20 analyzed by an analyzer 3 such as a FID gas chromatography
and the like, and the CFC12 is diluted with air 2 to be
approximately 3 % of flon concentration. After adding
approximately five times amount of steam 4 of the flon
moles to the diluted flon gas, the gas is introduced into

25 a catalyst bed 5 packed with .the catalyst for decomposing
floﬁ. The space velocity is approximately 3,000/hours
(Space velocity = gas fibw rate (ml/h)/ amount of the

catalyst (ml)). The catalyst bed 5 was externally hea.ted



okganohalogen conmpounds desirably conprises at |east or ganohal ogen
conpound suppl yi ng apparatus, steam 25 supplying apparatus, air_ supplying

appar atus, a reactor to be packed with catal yst, a heat source for
heat i ng catal yst, the catalyst, and a dgconposition .generated gas
scrubber. Wen the organohal ogen conpound to be treated '

12 Isinaliquid state at roomtenperature, the conpound - S
gasified before introducing into the catal yst |ayer. As et hods

for heating thepgahalafdot iEdiuthadle 8o makeot B Iddtaliywtneefpesatieeused,
and a nethod of introducing 5 a conbustion gas of propane, kerosene, town

gas, and the  at | approkindteiyh 44¢ C.ganehahegeystorpapetatadestaam i nto

the catalyst layer is usable. As materials of the reactor packed w th
the catal yst, cberebevatedadwhadthenimetindd, wheredmch iyl tempekrature
hastell oy, and the like are desirable. 10 The deconposition products

gas scrubber hagas obtedgiedalblyy combuskdom ethpropgne hgaghaseflf tbeehdkei n
scrubbi ng the deconposition generated gas by a spray tank
5 is introduced into the catalyst bed. The decomposition
generated gas is bubbled into an alkaline absorption tank
8 contacting with ah aqueous solution of sodium hydroxide
which is sprayed from spray nozzles 7..The gas passed
through the alkaline absorption tank 8 is introduced into
10 an adsorption tank 9 packed with'active carboﬁ and the
like, and released to air after passing through the
adsorption tank 9. The liquid spfayed from the spray
nozzles 7 can be_simply water, or a slurry of calcium
carbonate and the like. The used alkaline aqueous
15 solution 10, which is régarded as liquid waste, in the
alkaline absorption tank 8 is regularly taken out, and
exchanged with fresh alkaline aqueous solution 11. The
alkaline solution in the alkaline absorption tank 8 is
circulated by a pﬁmp 12 and used as the alkaline solution
20 sprayed from the spray nozzles 7.

Next, FIG. 4 is explained hereinafter.

The apparatus shown in FIG. 4 is as same as the
apparatus shown in FIG. 3 except a preheater 14 is
additionally provided.

- 29 When the organohalogen coﬁpound to be treated is in
a 1liquid phase at room temperature as CFC113 liquid 13,
the compound is vaporized by the preheater 14.

Subsequently, concentration of the compound is determined



and a preferable resistance agai nst pipe-cloggi ng by crystal

deposi tion, such as bubbling the deconposition 15 generated gas into an

al kal.i ne solution, or scrubbing the deconposition generated gas by a
packed tower. Further, the whol e appar gf us of the treating apparatus
can be | oaded onto a truck and transported to a place such as. a
recovery site of discarded refrigerators, autonobiles, 20 and the Ilike,
or a storage site of cylinders filled with t he organohal ogen-

conpounds, and g %ﬁ'éﬁ?afﬁef@ rs%@u B8 the FeDUghsChidatbGragny dned
or ganohal ogen cohpounds. Crculating punps ™ for scrubbing Tiquid in the

deconposi tion generpiké, Jand SEs UdPBite@Wieh &Xxhatst b@asappioalcedtdlng
tower for adsorbing car bon nonoxi-de and the i ke in the exhaust gas

can be | oaded ont® ofh€lbhucéncentratfiont reine |dildhead fga*sﬂsetreaped/e&s :
generator, cylinders filled wth fuel such as propane, kerosene, town
gas, and same as the case of FIG. 3. 13 the like for the
heati ng source can be | oaded onto the - truck concurrently.

The catal ys$ of the present invention has a high

(Embodiment 1)

The present embodimént is a result of studying the
activity of the catalyst made of titahia, of which surface
is coated with a porous tungsten oxide layer, and further

10 coated with a porous silica layer. |

Titanium oxide particles having a diameter of 2 ~
3 mm (made by Sakai Chemicals Co. CS-224S) were pulverized
and sieved to a range of 0.5 ~ 1 mm, and driéd at 120 C
for 2 hours. | |

15 An aqueous solution of hydrogen peroxide dissolving
82.2 g of ammonium paratungstate was impregnated into 100

g of thé driéd titanium oxide. After the impregnatipn,

the catalyst A was prepared by'drying the impreghated
catalyst again at 120 C for 2 hours, and calcining at

20 500 C for 2 hours. The atomic ratio of Ti : W was 80:20
mol %. Next, a sol aqueous solution B was prepared by adding
“distilled water 50 g to silica sol 25 g conﬁaining silica

by 20 wt. %. The catalet A was impregnated with the sol
aqueous solution B, and thé catalyst C was prepared by

25 drying the impregnated catalyst again at 120 ‘C in air for
2 hours, and calcining at 500 C for 2 hours. The catalyst

C contained silica 5wt. % to titania. Next, a sol agqueous

solution E was prepared by adding distilled water 24 g



activity for a | ong tine.-Therefdre, t he treatihg met
deconposi ng organohal ogen conpounds relating to the

hod 5 for
present invention

requires substantially no catal yst exchange operation, and the like.
| npregnation nethod is the nost desirable fog " preparing the present
catalyst. In accordance with the- 10 inpregnation method, "a porous |ayer

made of silica, - tungsten oxide, and the |ike can
of porous titania particles, and concurrently, silica

oxi de can be diggessedcHNsber BY gl Boh€AinAAg sililhl &
Therefore, even if the silica or™ 15 tungsten oxide

of the titani a catalpatti Gl:s inpregnheedoiithttite sRAChiubbisofolieidnt ani a

particles with fluorine is maintained scarce, and the

-be formed on surface
and_tungsten

pi 20P%Li 6l.e%he
ayer at the surface

hi gh activity

and the |ong dugabahdt yzhef chbalgatabyswasaprépared byswdnyingethe 20

Furthernore, if Mo or Vis added to the catal yst

containing titania,

silica, and tunimpregpnated, cehelyst agaim@Et 129 & imeisafery2thours pe
i mproved; because nol ybdenum oxj de or vanadi um oxi de covers the

surface of 5 andecalcaniagwasr 80Ras- thaah Zlyowess (Bhe fatadlysiifDthe 25
t ungst en oxi de. Aciditipof reactive points is increased if

SO err] ions congained gidasac
between the decomposition activity for

silica concentration to titania was de

aWfst ¥ ERdtikandaraPy ¥elpddemshipess

CFC 12 and the

termined by

'preparing the catalysts containing 1, 3, 7, and 50 wt. %

10 of silica to titania.

‘The composition of an experimental apparatus used

15

20

25

in the experiment was shown in FIG. 3. A reactor tubé
made of inconel had an inner diameter of 16 mm, and a
catalyst bed was arranged at middle of i:he reactor tube.
A thermocouple sheath ﬁade of inconel of 3 mm outer
diameter was inserted into the reactor tube. The reactor
tube was heated by an electric furnace, and the catalyst
temperature was determined by'the thermocouple. The
amount of steam was reghlated by supplyiﬁg and evaporating
a designated amount of purified water with a pump at the
upper portion of the reactor tube. CFCl12 was used as. the
organchalogen compound. The supplied gas had the

following composition:

CFC12 5 3
Steam | 25 %
Oxygen 10 ~ 20 %

Nitrogen Balance



deteriorative by HF and HC in the deconposition o
14 .- products. BRI EF DESCRI PTI ON OF DRAW NGS 5 i FIG 1
Ts a graph indicating CFCL2 deconposition fraction of the catalyst
made of titania-tungsten - oxi de-silica igyn an enbodi nent of the present
I nventi on, and of the catalyst nmade of titania-tungsten oxide in a
conparative exanple, 10 FIG 2'is a graph indicating a relationship
bet ween t he CFCl2 deconposition fraction and reaction tinme of two

ki nds of titania~tungsten oxi de-silica catalysts having ~a different
content of silica each other, FIG 3 is a schematic draw ng
indicating an 15 enppdi gaeth@hhaetnerwsvéleasmpéswsoﬂrmc&@pm

conpound deconposition appar at us, FIG 4 is a schematic draw ng
|nd|cat|ng anoti®to the catalyst bed at a temperature in the range of
400 ~ 440 C be a space velocity of 20,000/hour. The
5 generated decomposition gas through the catalyst bed was .
bubbled into an alkaline.aqueous solﬁtion, and
concentration of CFC12 in the gas passed through the
alkaline aqueous solution was analyzed by a FID gas
chromatography. A decomposition fraction of the

10 organohalogen compound was obtained by the following

equation.

Decomposition fraction = 1-(organchalogen compound
at the outlet/supplied organohalogen compound) X 100 %
15 ...(1)

A relationship between the decomposition fraction
of CFC12 at 5 hours after starting the reaction and the
concentration of silica te titania is shown in FIG. 1.

20 The value at silica content 0 % in FIG. 1 indicates the
performance ofsthe catalyst A itself. |

FIG. 2 indicates a result of continuous
decomposition experiments for 100 hours on the cataiysts
C and D of the present invention at 440 °C of the catalyst

25 temperature. The conditions of the experiment were as same

as the previous experiment.

(Embodiment 2)



enbodi nent of the .conposition of the organohal ogen conmpound .
deconposi ti on apparatus, 20 FIG 5 is a graph indicating CFA [err]
deconposi tion fractions of the catal yst made of titania-tungsten
oxi de-silica in other enbodiments of the prgsent i nvention, and of the
catal yst- nade of titania-tungsten - oxide in the conparative exanple,
25 ~ FIG 6 is a graph indicating a relationship between CFC12
deconposition fraction and reaction tine on the cat al yst nmade of
titani a-tungsten ox 4fesblree@nn chiBdiment®TROd PRl B INAFBY
i nvention, and on the catalyst _
made of titani ajfypgei§at28hdén! EhéNEcEOFPEY 6L V&@w&&pﬁt wheé¥dhin
FIG 7 is a graph indicating a rel ationship between CFC22 -
deconposi tion fgagfaes 8fdticaniaonwasi 6Batedivieth Sa Gpdrdystlawpee mide
titani a-tungsten oxide-silica in the enbodi nent of the present

i nventi on. of silic) and PRE@IFShiOlaPerTinkdeNIDBliVENESLs further

15

. 5 coated with a porous layler made of tungsten oxide.
Titanium oxide particles having a diameter of 2 ~

4 mm (made by Sakai Chemicals Co. CS-224S) were dried at
120 C for 2 hours. A sol aqueous solution was prepared
by adding distilled water 22.5 g to silica sol 15 g

10 containing silica by 20 wt. . The above catalyst 100 g
was impregnated with the sol aqueous solution, dried at
120 C in air for 2 hours, and calcined at 500 C for 2
hours. The catalyst was- _analyzed by fluoric acid weight
analysis to contain silica 1.5 wt. %, and by ICP emission

15 spectral analysis to contain titania 98.5 wt. %. Next,
The c_:_atalyét was impregnated-with a solution, which was
prepared by dissolving ammonium paratungstate 41.25 g
into hydrogen peroxide agqueous solution 37.5 g. After the
impregnation, the impregnated catalyst was dried at 120 C

20 for 2 hours. The catalyst was again inipi“egnated with the
solution cdntaining ammonium paratungstate, dried at
120 C for 2 hours, and lcalcining at 560 C for 2 hours.
The catalyst F was prepared by the procedure described
above. The amount of tungsten oxide in the catalyst F was

25 determined by ICP emission spectral analysis for
obtaining the atomic ratio of Ti:W. The atomic ratio of
Ti:W was 80:20 mol %.

Additionally, the catalyst G (the atomic ratio of



10 FIGs. 3 and 4 indicate exanples of the 'épparat us to  be used

in the nmethod for deconposi ng organohal ogen conpound relating to the
present invention. FIG 3 i ndi cates an exanpl e when the organohal ogen
conmpound is - gaseous at roomterrperatur? and FIG 4 indicates an 15
exanpl e when the organohal ogen conmpound is I quid at room t enper at ur e.
The apparatus shown in FIG 3 is explained herei nafter. '

concentration of CFCl[err] gas 1 to be treated is 20 analyzed by an

anal yzer 3 suchmasyoyft [y@s qﬁalo toqrﬁehy épiréd g islatie aBdthee
CFCl [err] is di'lrgtvgd %thglf?’ @3 e g?)?)r%ﬁlrratelyB%of flon

concentration. Ahtgliysdd e&cept n@mrl%anﬁasladded/,ethemamm pthet eam 4

of the flon m)lestothe dlluted flon gas, the gas is introduced into
25 a catal yst htdmdcpeskisl of Th:wheas 80ak9shol &, dheammmigf sili¢aon.
The space velocity is approximately 3,000/ hours (Space velocity = gas

flow rate (m/hi6 aibantiaotvashdé wt. %$3atwhjych wvab)preparedassl yamebas 5 was
externally heated
5 the catalyst F except using a silica sol agueous sclutlon
which was prepared by adding distilled water 32.5 g to
silica sol 5 g containing silica by 20 wt. %, and the
catalyst I (the atomic ratio of Ti:W was 80:20 mol %, the
amount of silica to titania was 2.5 wt. %), which was
10 prepared as same as the catalyst F except'using. a silica
sol aqueous solution which was prepared by adding
‘distilled water 12.5 g to silica sol 25 g containing silica
by 20 wt. % were obtained.
The composition of the experimental épparatus used
15 in the experiment was shown in FIG. 3. A reactor tube
made of inconel had an inner diameter of 31 mm, and a
catalyst bed was arranged at middle of the reactor tube.
A thermocouple sheath made of inconel of 3 mm outer
diémeter was inserted into the reactor tube. The reactor
20 tube was heated by an electric furnace, and the catélyst
temperature was detérmine_d by the thermocouple. The
amount of steam was'regulated by supplying and evaporating
a designated amount of purified water with a pump at the
upper portion of the reactor tube. CFC1l2 was used aé the

25 organohalogen compoﬁnd. The supplied gas had the

following composition:

CFC1l2 : 3 %



by an electric furnace 6 to nake the catal yst:  tenperature - at
approximately 440 [err]C. The catal yst tenperature can be el evated by
anot her met hod, wherein a high tenperature gas obtai ned by conbustion
of propane gas and the like 5 is introduc into the catal yst bed. The
deconposi tion generated gas is bubbled into an al kal i ne -absorption

t ank 8 contacting with an aqueous sol ution of sodi um hydroxi de

which is sprayed from spray nozzles 7. The gas passed t hrough t he

al kal i ne absorption ggakm8 is introducedggnfo 10 an adsorption tank 9
packed with active carbon and the li ke, and released to air after
passing through the oxygeadsorption figank 20 ®he |iquid sprayed fromthe
spray nozzles 7 can be sinply water, or a slurry of calcium
carbonate and the |i Nétrdgenused  al kaBalene@ejueous 15 solution 10, which
Is regarded as liquid waste, in the al kal i'ne. absorption tank 8 is
regul arly taken out, and exchanged with fresh al kal i ne aqueous
solution 11. The al kaline solution in the al kaline absorption tank 8
i s ci réul ated bffhe gasphagingdthecabovet tomposition was Bupplied
sprayed fromthe spr%¥32§éfles 7. Next, FIG 4 is explained

hereinafter. intot et Redsatifth Fn with & spacgsvelasity 9fe
2,300/hour. The generated decomposition gas through the

catalyst bed was bubbled into an alkaline aqueous solution,
and concentration of CFC12 in the gas passed through the
10 alkaline agqueous solution was;analyzed by a FID gas
chromatography. The decomposition fraction of the
organohalogen compound was obtained by the equation (1).
The decomposition fractions of the respeotive
catalysts are shown in FIG. 5. Relationships between
15 the reaction time and the decomposition fraction of CFC12
by the catalysts F and G are shown in FIG. 6.
According to FIG. 5, it is clearly revealed .that the
decomposition fractions of the catalyst F and H are highér
than other catalysts I and G, and the catalysts F and H
20 have an activity superior to catalysts I and G.
In accordance with the resuits shown in FIGs. 1 and
5, it is clearly revealed that.the effect of silica is
influenced by the size of the titania particles. That is,
when the amount of silica to titania exceeds 2 wt. %, a
25 preferable particle éize of titania is in the range of
0}5 ~ 1 mm, and when the amount of silica to titania is
less than 2 wt. %, a preferable particle size of titania

is in the range of 2 ~ 4 mm.



,_.I
apparatus shown in FIG 3 except a preheater 14 is additional ly
~provided. 25 When t he organohal ogen conmpound to be treated is in
"a liquid phase at roomtenperature as CFC113 liquid 13, t he conpound-
is vaporized by the preheater 14. Subgequently, concentration of the
conpound i s determ ned ' 17
by an anal yzer 3 such as the FID gas chromat ography and the like, and
is diluted with air to be approximately 3 %of flon concentration. The
di luted gas is treapgé @Ascivity SFBhaScad €1 ¢ F OlvhehGicBc225is used
(Enmbodi nent- 1) ' - The present enbodinment is a result of studying the
activity of thes afielorgandiiflafer idaiicund/ disHowrfmerc. 7. ithecoat ed
with a porous tungsten oxide layer, and further 10 coated with a porous
silica | ayer. examinationidomditnioxwds psr sameeas ke mpse BAOFOY2 .0f 2 ~
3 mm (made by Sakai Chem cals Co. CS-224S) were pul verized and sieved
to a range of 0.5 -~Inl apgomiahcek wHdhathé2deComposition method of the

5 present invention, organohalogen compounds such as
Hchlofofluorocarbon group (CFC group) can be decomposed
effectively. The catalyst of the present invention has
advantages such as a. high decomposition efficiency and

a superior durability.



for—2 hours—15 An aqueous sol ution of hydrogen peroxide dissolving.

. 82.2 i atungstate was i npregnated into 100 g of the
Cdri ec”!@ IW(H”D’ELN ter the inpregnation, the catal yst A was
prepared by i i mpr egnat ed cahal yst again at 120 [err]C for 2

hours, and calcining at 20 500 [err]C for 2 hours. The‘atomc ratio of Ti

Wwas .80:20. . nmol % Next, a sol aqueous solution B was prepared by

addi ng - distilled water 50 g to silica sol 25 g containing silica

by 20 wt. % Whatcalsalaalimddnvds; npregnated with the sol aqueous
solution B, and the catalyst C was prepared by 25 drying the inpregnated
catal yst again at 120 [err]Cin air for 2 hours, and calcining at 500
[err]U for 2 hours. The catal yst C contained silica 5 w. %to
titania. Next l.a s medhedufor tresbingigas Eontaimimgaordabhphailldgeg
distilled water 24 g to silica sol 51 g containing silica

by 20 wt. % Tespoundsgaicompatisingdhenstematsd with the sol aqueous
solution . B A ihg acatiiyst, Gonbaining titanis and tungsten
v
- oxide, contact wit_h the gas containing an organohalogen
compound at a temperature lower than 500 C in the
presence of steam to decompose the 6rganohalbgen compound
into carbon monoxide, carbon dioxide, and hydrogen
10 © halides, wherein
said catalyst contains titania, silica, and
tunésten oxide, | |
 content of silica in.said.catalyst.is approximately
0.5 ~ 15 parts by weight to titania 100 parts by weight,
15 and |
| an atdmic ratio. of Ti: W is 20 mol % ~ 95 mol % Ti

and 80 mol % ~ 5 mol % W.

2. A method for treating gas containing an
20 organohalogen compound as claimed in claim 1, wherein '
surface of titania in said catalyst is coated with
a porous layer, made of at least either one of silica and-

tungsten oxide.

25 3. A method for treating gas containing an
organohalogen compound as claimed in claim 1, wherein
surface of titania in said catalyst is coated with

a porous layer made of silica, and



A |
| npLegnated-catalyst—again at 120 [err]Cin.air for 2 hours, 5 and
cal’cining at 500 [err]C for 2 hours. The catalyst D contained silica:
10 wt m&mllun ”l rel ationship bet ween the deconposition activity
for CRUMmligsk il silica concentrat%&n to titania was determ ned by
preparing the catal ysts .containing 1, 3, 7, and 50 wt. % 10 of silica to
titania. - The conposition of an experinental apparatus used
in the experiment was shownin FIG 3. A reactor tube made of i nconel

had an inner di anelsgir (el @fMa it boous 14412 HakeP¢ Wa3 ik 3a0ed at
m ddl e of the reactor tube. = 15 Acg’t herur%cc?é%te sheat h made of inconel of 3

nmouter - cdh8BH! @ithaa pb¥eukelayeirombde b¥atudgsitee oxlilde.react or
tube was heated by an electric furnaCe, and the catal yst t enperature
was determ ned by the thernocouple. The amount of steam was regul ated
by supplying and evaporating 20 a designated anount of purified water
with a punp ag.theA methaogdpoeorpdridating dase coertdimingilen CFCl2 was used

as the or ganohal ogen conpound. The supplied gas had the fol |l owi ng
conposi ti dn: orgafohaloge@FCompound as claimed5ifh claim 1, whessin
25 % ‘Oxygen 10 ~ 20 %

surface of titania in said'catalyst is coated with
a porous layer made of tungsten oxide, and
surface of said porous layer made of tungsten oxide

is coated with a porous layer made of silica.

10 -
gS; A method for treatihg'gas cdntaining an
otganohalogen compound és claimed in claim 3, wherein
said catalyst is prepared by a method comprising the
steps of:
15 | . - impregnating a solution_containing silicon into
| said catalyst from surface of titania particles,
calcining the impregnated éatalyst,
subsequently impregnating a solution containing
tungsten into said catalyst, and
20 calcining the impreghated catalyst.

6. A method for treating gés containing an
ofganohalogen compound as claimed in claim 4, wherein
said catalyst is prepared by a method comprising the
25 steps of: |
| impregnating a solution containing tungsten into
said catalyst frqm surface of titania particles,

.calcining the impregnated catalyst,



Ni t rogen Bal ance | | ' The gas haV|ng t he above

~conmposition was supplied into the catalyst bed at a tenperature in the
" range [err] C be a space velocity of 20,000/ hour. The 5
gener*ﬂmllml 'mmli Mﬁ gas through the ¢ Eal yst bed was bubbl ed into
an al kal'1 ke aqueous sol ution, and concentration of. CFC12 in the gas

passed through the alkallne agueous -sol uti on was anal yzed by a FID gas
chromat ography. A deconposition fraction of the 10 organohal ogen conpound

was obtained by thg WA é?ﬁﬁgﬁ lut Jﬁ¥§§§§5§tion _
fraction = 1- (organuLalégén cgh&ﬂ? ﬁﬁq trﬁ?(ﬁﬂﬁ%ﬁ/supp I ed _

‘or ganonal ogensgeibeundhts Badd¥catalyst,( b ~ Acrelationship
bet ween the deconposition fraction "~ of \CFC12 at 5 hours after starting

‘the reaction and tk@lcining the impregnated catalyst.

5 7. A méthod for treating gas containing an
organohalogen compound as.diaiméd in claim 3; wherein :
the content of silica in said catalyst is
approximately 0.5 ~ less than 2 parts by weight to titania
1100 parts by weight. |
10
8. A method for tréating gas containihg an
organochalogen compound as claimed in claim 4, wherein
the'content of silica in said catalyst is
approximately 2 ~ 15 parfs by weight to titania 100 parts

15 by weight.

9. A method for treating gas containing an
organohalogen compound as ciaimed in claim 1, wherein
the content of silica in said catalyst is
20 approximately 0.5 ~ less than 2 parts by weight to titania
100 parts by weight, and
a particle diameter_bf said titania particle is in

the range of 2 ~ 4 mm.

25 10. A method for treating gas containing an
organohalogen compound as claimed in claim 1, wherein
" the content of silica in said catalyst is

approximately 2 ~ 15 parts by weight to titania 100 parts



concentration tHica to titania is shown in -FIG'l. 20
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Si”' %in FIG 1 indicates the per f or mance
' m ' Qf,’ FIG 2 indicates a result of continuous
[1)

deconpfostkt i.ments for 100 hours ony,t he catalysts e 14 (0 J D A0}
the present invention at 440 [err]C of the catalyst 25 tenperature. The
condi tions of the experi rrent vere-as same ~as the previous experinent.
(Enmbodi nent 2) . 20 . - The
present enbodigieRieightd, raﬁﬁylt obt ai ned by |nvest|gat|on on the
activity of thé cata yst wherein surface of titania was coated with a

porous |ayer nade a parficié iddameted bffesaddovstanjerpadeicd is limca is
further 5 coated W|th a porous |layer made of tungsten. oxide.

Ti t ani um oxi daheardamdeohaving a dnaneter of 2 - 4 mm (nmade by Sakai
Chem cals Co. CS-224S) were dried at -+ 120 [err]C for 2 hours. A sol
aqueous sol ution was prepared _ : '
5 11. A method for treating gas containing an
organochalogen compound as claimed in claim 1, wherein
said catalyst contains at least one element selected
from a group consisting of S, P, Mo, and V, and
a content of respec'tive of the elements.is in the

10 range of 0.001 ~ 10 mol % to Ti atoms.

12.  Catalyst containing titania and tungsten oxide for '
treating a gas flow containing an organchalogen compound,
wherein | |
15 silica is contaiined in said catalyst ir_x the range
of 0.5 ~ 15 parts by weight to titania 100 parfs by weight,
and - |
an atomic ratio of Ti : W is in the rangeléf Ti 20
~ 95 mol % and W 80 ~l5 mol %. |
20 |
13. Catalyst as claimed in claim 12, wherein
surface of titania is coated with a porous layer made

of at least either one of silica and tungsten oxide.

25 . 14. cCatalyst as claimed in claim 12, wherein
- surface of titania is coated with a porous layer made
of silica, and |

surface of said porous layer of silica is coated with

This Sheet Has Been Rep!
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by adding distilled wa er 22.5 gto silica sol 15 g 10 conl

f T .
- by 20 mm"r II ' atal yst 100 g was i npregnated W_M%E IHA%aBEEN
‘aqueou ll" ' m lwwat 120 [err]Cin air for 2 hour$,__an fRed
‘at 500 [*erf]Ctfor 25 "« hours. The catal yg§ was anal yzed by fluoric acid

wei ght analysis to contain silica 1.5 w. % and by I'CP emssion 15
spectral analysis to contain titania 98.5 wt. % Next, The catal yst
was i npregnated with a sol ution, which was . prepared by dissolving

anmoni um par atangstease #dyeéb @ade ofi Buagbyenogideer oxi de aqueous sol ution
37.5 g. After the | npregnation, the inpregnated catal yst was dried at
120 [err]C 20 for 2 hours. The catalyst was again inpregnated with the

sol ution contai ni ng anmoni um par atungstate, - dried at 120 [err]C for 2
hours, and cal1$ni nGatalyet per cl@ifmed inhcdadm 12, wheredatal yst F was
prepared by the procedure described above. The anount of tungsten

oxi de in the catal ysurfageof ritapiacisicpagedywitipampraisiayssdrads

anal ysis for obtaining the atomic ratio of Ti:W The atom c ratio of
Ti: Wwas 88: 200fptungsten oxide, p@Bftonally, the catalyst G (the atomic

rati o of : 21 S .
surface of said porous layer of tungsten oxide is

coated with a.porous layer made of silica.

16. Catalyst as claimed in claim 14, wherein
10 . said catalyst is prepared by a method comprising the
steps of:
impregnating a solution containing silicon into
said catalyst from surface of titania particles,
calcining the impregnated catalyst,
15 ' subsequently_impregnating a solution containing
tungsten into said catalyst, and

calcining the impregnated catalyst.

17. Catalyst as claimed in claim 15, wherein
20 said catalyst is prepared by a method comprising the
steps of: o |
impregnating a solution containing tungsten.iﬁto
said catalyst from surface of titania particles,
calcining the impregnated cata;yst,
25 : subsequently'impreghatihg_a solution containing
silicon into said catalyst, and |

calcining the impregnated catalyst.
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v

tWwas 80:20 nol™ %, whi ch was prepared as same as the

.excep dded, the catalyst H (the atom ¢ ratfeP 8f HAP BEEN
was SHIH“, Iﬂmmﬁﬂmm)unt of silica to titania was 1 w. 09 REBAAGRD
edu

was prepat asr sane+as 5 the catalyst F eycept using a silica sol aqueous
sol ution whi ch was prepared by adding distilled water 32.5 g to

silica sol 5 g containing silica by 20 wt. % and the catalyst | (the
atomc ratio of Ti:Wwas 80:20 nol % the anount of silica to titania

was 2.5 w. % 18uhi datslystlGs rieniadeail s clkadm ab2 | hehewéith yst F except
using a silica - sol aqueous sol ution which was prepared by adding
distilled water 12. Rl tontehtef sbliéd imp said satialysti 1s da the rahge20 wt .
% were obt ai ned. " The conposition of the experinental apparatus
used 15 in tP& eRpBri Aess vhanchpantsrbym@ight torkitania tiffeparts nade
of inconel had an inner dianeter of 31 mm and a catal yst bed was
arranged at i Byl &’eéﬂhﬁ:heaﬂé‘actor t ube. A thermocoupl e sheath made of

i nconel of 3 mm outer gg er was inserted into the reactqr tube. The

reactor 2@ tube \/\éspﬁé&tl@&eo Sﬂeb‘?&??l%a*%rmlaarﬂi’rt%]@aﬂél $B¢

tenperature wag,detern ne gs t her nocoupl e. The anount of steam
was regul ated BPSsEBBES R Ior ati ng a desi gnat ed anount of
purified water with a punp at the '

19. Catalyst as claimed in claim 12, wherein
‘the content of silica in said catalyst is in the range
10 of 2~ 15 parts by weight to titania 100 parts by weight,
and '
a particle diameter of said titania particle is in

the range of 0.5 ~ 1 mm.

15 20. Catalyst as claimed in ¢laim 12, wherein
said catalyst contains at least one element selected
from a group consisting of S, P, Mo, and V, and
a content of respective of the elements is in the
range of 0.001 -~ 10 mo.l'% to Ti atoms 100 mol %.
20
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upper portioh of the reactor tube. CFClé was ﬁ"séd as the 25 organohal ogen

.conmpound. The supplied gas had the ..folt owi ng conposition:

"CFC12 ' 3 % ‘ T " 22

St eam 15 % - Oxygen g ' 10 - 20 %

Ni t rogen Bal ance 5 The gas having the above conposition
was supplied into the catal yst bed at 460 [err]C with a space velocity
of 2, 300/ hour. The generated deconposition gas through the

cat al yst- bed vEsstrAbTedri TR BPDseLbsUREBe aqueous solution, - - “and
concentration of CFCl2 in the gas passed through the 10 al kali ne aqueous
solution was analyzed by a FID gas chr omat ogr aphy. The deconposition
fraction of the or ganohal ogen conpound was obt ai ned by the equation
(1). The deconposition fractions of the respective B

A method for treating a gas flow containing
5 organohalogen compounds comprising the steps of
contacting the gas flow with catalyst at a temperature
below 500 C in the presence of an effective amount of
steam, wherein the catalyst contains titania, tungsten
oxide, and silica, an atomic ratio of Ti and w is in the
10 range of 26 ~ 95 mol $.Ti and 80 ~ 5 mol % W, and the amount
of silica to titania is in the range of 0.5 ~ 15 wt. %.
In accordance with the present. invention, the _'
organohalogen compound can be decomposed effectively to
carbon monoxide, carbon dioxide, and hydrogen halide.
15 The catalyst of the present invention also has s superior

durability.
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catalysts are shown in FIG 5. Relationships between. 15 the reaction tine

angd the deconposition fraction of CFC12 ., by the catalysts F and G are
“shown in FIG. 6. According to FI G 5, it is clearly reveal ed that
t he deconposition fractions of the catalyst F and H are hi gher

than other catalysts | and G and the catalysts F and H 20 have an
activity superior to catalysts | and &/5 I n accordance with the
results shown in FIGs. 1 and 5, it is clearly revealed that the effect
of silicais i nfluenced by the size of the titania particles. That is,
when the amount of silica to titani ?s 2 w. % a 25 preferable
particle size of titania is in the ﬁﬁo 0.5 ~ 1 mm and when the
anount of silica to ti =B lessthan-2 w % a preferable
particle size of titania in the range of 2 ~ 4 mh

23 The acfgvit
t he organohal ogen colpoung
condition was as sa as |
deconposi ti on net hodi=of99 K

of‘ the catal yst F, when HCFC24 is used as
s shoZy in FIG 7. The gxam nation
I n gccordance with the

O :
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5 present invention, organohal ogen conpounds such as

chborof | uorocarbon group (CFC group) can be deconposed effectively. The
—catalyst of the present invention has advant ages such as a high
deconposition efficiency and a superior durability. 24

What is clained is; 1. A nethod for treating gas containing

or ganohal ogen conpounds, conpgi/g ng the step of: 5

maki ng a catal yst, containing titania and tungsten oxi de, contact

wi th the gas containing an organohal ogen conpound at a tenperature
| ower than 500 [err]C in the presence of steamto deconpose the

or ganohal ogen conpound i nto carbon nonoxi de, carbon di oxide, and
hydr ogen 10 halides, wherein said catal yst contains
titania, silica, and tungst en oxi de, content of silica

in said catalyst is approximtely [:7(53_53
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0.5 ~ 15 parts by weight to titania 100 parts by wei ght, 15 and

an-atomc ratio of Ti: Wis 20 nol %- 95 nol % Ti and 80 mol - 5
.mol % W 2. A nmethod for treating gas containing an 20

or ganohal ogen conpound as clainmed in claim1l, wherein surface
of titania in said catalyst is coated with a porous |l ayer, nmade of
at | east either one of silica and 3/5 tungsten oxide. 25 3. A
met hod for treating gas containing an . or ganohal ogen conpound as
claimed in claiml, wherein surface of titania in said
catalyst is coated with- a porous |layer made of silica, and

surface of said porous |ayer made of silica is coated with a porous

| ayer made of tungsten oxide. 4, A nmethod for treating gas

contai ni ng an

FIG.4
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5 organohal ogen conpound as claimed in claim1, wherein surface
ofst¥tania in said catalyst is coated with a porous |ayer nmade of
’;tungsten oxi de, and surface of said porous |ayer nade of tungsten
oxi de is coated with a porous |ayer nmade of silica. 10 5. A
met hod for treating gas containing an or ganohal ogen conpound as
claimed in claim 3, wherein 49% d catalyst is prepared by a method
conprising the steps of: 15 i npregnating a solution containing
silicon into said catalyst fromsurface of titania particles,

calcining the inpregnated catal yst, - 'subsequently |npregnating a
sol ution contai ni ng tungsten into said catalyst, and 20

cal cining the inpregnated catal yst l@é&i A method for treating gas
cont ai ni ng an or ganohal ogen COE s claimed in claim4, wherein
said catal yst is prepared uy a-Trettot Lmrpl rSTgthe—25—Steps Of

| npregnating a solution ¢ 17 ) Y 2047}  sai-d cqtal yst from
surface of titG@ATALYSTI cls i npregnat ed catal yst,

CATALYSTH V/////////////////////////
CATALYST G V/////////////////////A
CATAL\.(STF 7///////////////////////%
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.26 : 'subsequently i npregnating a solution containing silicon

“ipte said catal yst, and calcining the inpregnated catal yst. 5

77 A nmethod for treating gas containing an or ganohal ogen conpound as
claimed in claim3, wherein the content of silica in said
catalyst is approximately 0.5 - less than 2 parts by weight to titania
100 parts by weight. 10 8. Asifgt hod for treating gas containing an
or ganohal ogen conpound as clainmed in claim4, wherein t he content
of silica in said catalyst is approximately 2 ~ 15 parts by weight to
titania 100 parts 15 by weight. 9. A nethod for treating gas
cont ai ni ng an or ganohal ogen conpound as clainmed in claim1, wherein

FIG.7
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~ : _ ‘ ALY /— 7
the content of silica in said catalyst is 20 approximately 0.5 [PQ®ss

“than 2 parts by weight to titania .;-* 100 parts by weight, andl L ,
partlcle di ameter of said titania particle is in t he range 3?' QX[?
.mm.& 25 10. A nethod for treating-@gds containing an or ganohal ogen
~conpound as claimed in claim1, wherein the content of silica in

sai d_cat al ys NETHOD FOIPPREATING GlA% CONTAINING ORGANORALGGEN COMRGIANGS,1 00

3?;%; er of ggmdcmﬁ;xs;g BEPOMBISING TH'@RGANOHALOGEN COMPOUNDISE N

11. A nethod for treating gas containing an 10 organohalogen conpound

as clainmed in claim1l, wherein sai d catal yst contains at |east
one el ement- sel ected

ABSTRACT OF THE DISCLOSURE

A method for treating a gas flow containing
5 organohalogen compounds coﬁprising the steps of
contacting the gas flow with catalyst at a temperature
below 500 C in the presence of an effective amount of
steam, wherein the catalyst contains titania, tungsten
oxide, and silica, an atomic ratio of Ti and w is in the
10 range of 20 ~ 95 mol % Ti and 80 ~ 5mol % W, and the amount
of silica to titania is in the range of 0.5 ~ 15 wt. %.
In agéordance with the present invention, the
organohalogen compound can be decomposed effectively to
carbon monoxide, carbon dioxide, and hydrogen halide.
15 The catalyst of the present invention also has s superior

durability.

FIG. 3
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a cont«] ~/ 7"7

f Fom & group Cconsi Sti ng oT S P, Mo, and 15 PﬁS
% Ti

respecti in the ' range of 0.001 -
at ons: “jﬂﬂl‘ﬂ i Imm st cont aining titania and tungsten ongdnsafpraﬂoo‘

treatln QM/C ai ning an orga®bhal ogen conpound, wher

silicais contained in said catalyst in the range of 25 . 5.~ 15 parts

by weight to titania 100 parts by weight, and s
of Ti : Wis the range of Ti 20 ~ 95 nmol % and 30 W80 -~ 5 ELEB.&MENJ?SHEET
surface ofon weighta #nrg coated with a porous |ayers nmade of at | east

either one of silica and tungsten oxide. 35 13. Cat al ypt | af 81 SEP2800

in claim12, wherein rf ce of titania is .coated w thfa] porous

| ayer nade of <t Iplaﬁﬁiclﬁn%‘ameg 25aid t’sﬂ??‘?%c?é Bf X4t ‘Por ous| | ayer of

silicédis coated with 28 a porous |ayer made of Lungstien

QXLde. the range of 0.5 ~ 1 mm,

11. A method for treating gas containing an
10 organohalogen compound as claimed in claim 1,wherein
said catalyst contains at least one element selected
&-/ from a group consisting of 8, P, Mo, and
15
a content of respective of the elements is in the
range of 0.001'~ 10 mol % Ti atoms.
20 12, Catalyst containing titania and tungsten oxide for
treating a gas flow containing an organochalogen compound, wherein
silica is contained in said catalyst in the range of
25 )
0.5 ~ 15 parts by weight to titania 100 parts by weight, and

A an atomic ratio of Ti : W is the range of Ti 20 ~ 95 mol % and

30 W80 ~ 5 mol %, wherein

surface of titania is coated with a porous layers made of at

least either one of silica and tungsten oxide.

35

13. Catalyst as claimed in claim 12, wherein

surface of titania is coated with a porous layer made of silica, and
40 surface of said porous layer of silica is coated with

A FeoS 13-~
Blaleo




‘B4 - Cat al'yst—as—ctai-ned—i-A—cl ai m 12, wherein sur f : i

I's coated | ayer made 5 of tungsten oxide, gﬂ?lﬂCEMEWSHEET
surface of Eﬂum HN r of tungsten oxide is coatted 'ths%ﬁoi ug
Iayer made 15. Catalyst #8 claimed in cldirh 188 etdidn

S

said catalyst is prepared by a nethod conprising tjhq steps 1§
of i npregnating a solution containing silicon intfo sai d

catalyst fromsurface of titanig particles, ... cal citning-the

i npr egnat ed caBaP§¥Pusijayer mag@b§€h$&ﬂﬂﬁ$quﬁ*%ﬂEﬂing a sol ution

cont ai ni ng tungsten 1nto sald catal yst, and cal cining the

| mpr egnat ed catalyst Catal yst as clained in claim 14, wherein

of: | :a'd i&f LAl pcae AR SR T, s
mprognat ed catal yobor 16 OF Liteia b€ dRiaced wirh gaeF RS A bR s

cont ai ni ng £h 88thn5§1§@'da %talyst and cal cining the
inpregnateg ca?al b

surface of said porous layer of tungsten oxide is

coated with a porous layer made of silica.

15. catalyst as claimed in claim| 13, wherein

N\ 10 said catalyst is prepared by a method comprising the
steps of:

impregnating a solution containing silicon into
said catalyst from surface of titania particles,
. calcining the impregnated catalyst,

15 subsequently impregnating a solution containing

tungsten into said catalyst, and

calcining the impregnated catalyst.

—

16. catalyst as claimed in claim 14, wherein
.20 said cataiyst is prepared by a method comprising the
steps of:
impregnating a solution containing tungsten into
said catalyst from surface of titania particles,
calcining the impregnated catalyst,
25 - subsequently impregnating a solution containing
silicon into said éatélyst, and

calcining the impregnated catalyst.



og" as clained in claim12, wherein REPLACEMWT SHEE]

content of silica i catalyst is in the range of O g T€S5

t han 2 ﬂm ’an titania 100 parts by wei ght, jhn

apartlgmu ‘ \M‘ dtitania particla is in t he rangg O?S%P_ZUW
ts. Catal yst as clained in claim12, wherein -

content of silica in said catalyst is in the range 10 of 2} 15 parts by
weight to titania 100 parts by wei ght, and a partvicte s
di ameter of saild 4itGatalysttas|elaimed in claim l2pgehefein5 - 1 mm 15

19. Catalyst as clainmed in claim12, wherein sai d catal yst

contains at |east orthetontentsxf silida in saidicarbad ygrtols inotise xangg of S,

P, My, and V, and ~a content of respective of the elements is in

t he rangeqif 0.501 lessothan 2parts butwewghtodonpitasia W0 parts

by weight, and
5 a particle diameter of said titania particle is in

the range of 2 -~ 4 mm.

18, Catalyst as claimed in claim 12, wherein

) the content of silica in said catalyst is in the range

~ 10 of 2 -~ 15 parts by weight to titania 100 parts by weight,
and
a particle diameter of said titania particle is in
the range of 0.5 ~ 1 mm.
15 19. Catalyst as claimed in claim 12, wherein
said catalyst contains at least one element selected
from a group consisting of S, P, Mo, and V, and
{ : - a content of respect\ive of .the_elements is in the
\_” range of 0.001 ~ 10 mol & to Ti atoms 100 mol %.

20



