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CATALYTIC INCINERATION OF ORGANIC COMPOUNDS
BACKGROUND OF THE INVENTION

Field of the Invention . |

This invention relates tc novel catzalyste for the
catalytic destruction cf organic compounds contained in
waste gas streams anéd to a process using these
catalysts.
Description of Related Art

Presently, there is great concern about
contamination of the environment by hazardous wvoclztile
organics originating in the manufacture cf organic
chemicals, cleaning and degreaéing processes, and vent
or exhaust air from air stripping of contaminated
groundwater or soil. Typically, thermzl incineraticn
ie used in the destruction of these materials but this
reguires very high temperatures (1300°C) ang special
egquipment resulting in high capital and maintenance
costs. Carbon adsorption is an alternative. Eowever,
this process does not destrcy the pollutants but mer 'y
concentrates them. Thne pollutants must then be remove
g4 the Ca”bOu regenerated, a costly and tedious
rrocess.

Catalvtic oxidation is an enercy efficient angd
eccnomical way of destroying hazardous materials. I

rates at significantly lower tempsratures and lower

e
residence times than thermal in 1 eration and reguirec
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ICKGROUND OF THE | NVENTI ON Field of the Invention: This invention
Bl.at e to novel catalysts-for the catalytic destruction of organic '
l*rpounds com@qmzsn waste gas streans and to a process usi Ng PELEAES93/06220
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U.S. patents 3,972,979 and 4,053,557 describe the
decomposition of halohydrocarbons by oxidation over
chromium oxide or a boehmite supported platinum.

U.S. patents 4,059,675, 4,059,676 and 4,059,683

'describe methods for decomposing halogenated organic

compounds using catalysts containing ruthenium,
ruthenium-platinum and platinum, respectively, in the
presence of an oxidizing agent at a temperature of at
least 350°C.

The article by James J. Spivy, "Complete Catalytic
70xidation of Volatile Organics," Ind. En hem. Res.,
1987, 26, 2165-2180, is a review of the literature
dealing with the heterogenous catalytic oxidation of
volatile organic compounds.

The article by S§. Chatterjee and H. L. Greene,
"Oxidative Catalysis of Chlorinated Hydrocarbons by
Metal-Loaded Acid Catalysts," Journal of Catalysis,
130, 76-85 (1991), reports on a study of the catalytic
oxidation of methylene chloride in air using supported
zeolite catalysts H-Y, Cr-Y and Ce-Y.

U.S. Patent 4,983,366 describes a method for the
catalytic conversion of waste gases containing
hydrocarbons, halogenated hydrocarbons and carbon
monoxide by passing the waste gases through a first
zone containing a catalyst such as aluminum oxide,
silicon dioxide, aluminum silicate and/or a zeolite
optionally containing oxidic compounds of barium,
manganese, copper, chromium, manganese and nickel, and
then through a second zone containing a catalyst such
as platinum and/or palladium or platinum and rhodium.

PCT international application No. PCT/U.S.
90/02386 describes a catalytic process for converting
or destroying organic compounds including corganchalogen
compounds using a catalyst Wthu contains as a
catalytic component titania ané the preferr

1]

d catalyst
also contains vanadium oxide, tungsten oxide, tin

oxide, and at least one noble metal selected from the
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_Descrpption of Related Art Presently, there is great concern about
*cont anf nati on of the environnent by hazardous vol-atile organics originating

_miﬁﬁthé‘qa@gjﬁﬁﬁﬂre of organic chenmicals, cleaning and degreﬁé*ngﬁgﬂﬂﬁg§ses,
ex

and vent or aust air fromair stripping of contam nated groundwater or
soil. Typically, thernmal incineration is used in the destruction of these
~materials but this retires very high tenperatures (1300[err]C) and speci al
®qui prent resulgTowp | coms It trgi & pladimem nt pabhbhadivwsasd Chodbam
adsorption is | V€. r i S.DEOcCess, does roy the
pol l utants butq%%?% §E%§%%%§t%€?%§y€h%%%h%%%gag§¥u§§% g’nggéggﬁé% be
removed and t heo¥ideoand cgeinke methls avetuyitprniyddbenepsedess. the

Cat al ytic oxidag{igsnis. an energy efficient and econom cal way of destroying
hazardous materials._ It operates_at sig-
5 There is s8till a need for catalysts and processes

for the oxidative destruction of halogenated organics
: and other organic compounds which provide improved
- activity and stability.
S Y OF E NTION
20 ' 10 This invention relates to a catalyst and process
- for treating gas streams.

In one embodiment, this invention relates to a
catalyst for treating a gas stream containing compounds
selected from the group consisting of halogenated

15 organic compounds, other organic compounds and mixtures
thereof, said catalyst comprising vanadium oxide,
zirconium oxide and at least one oxide selected from
the group consisting of manganese oxide, cerium oxide
and cobalt oxide.

N
o

In another embodiment, this invention relates to a
process for treating a gas stream containing compounds
seiected from the group consisting of halogenated
organic compounds, other organic compounds and mixtures
therecf, comprising contacting said gas stream at a
2%  temperature of from about 175°C up to about 550°C with
a catalyst comprising wvanadium oxide, zirconium oxide
and at least one oxide selected from the group
consisting of manganese oxide, cerium oxide and cobalt
oxide in the presence 6f an effective amount of oxygen
and water,

DESCRIPTION OF THE PREFERRED EMBODIMENT

As previously stated, this invention provides

catalyste and a process for using said catalysts tc

(V¥
(@)

treat gas streams containing halogenated organic znd/or

w
R

cther organic compounds.
The catalyst of this invention comprises vanadium
cxide, zirconium oxide and at leas

t one of manganese
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g ficantly lower tenperatures and | ower residence tinmes than thernal
hcineration and retires smaller reactors made of |ess expensive materials.
it hods f or WiDE94764281yt | ¢ oxi dati on of organi c and hal ogenat ed e¢qa0893/06220
bnpounds are well known in the art For exanple, in the article by G C

pbnd and N. Sadeghi, "Catal yzed Destruction of tﬁﬂcwlnaied FWdrocarbons" J.

Bpl Chem Bi ot echnal 1975, ,25, 24 248, FP% LS re ed hat chl ori nat ed
ydr ocar bons are coﬁV@Pﬁedcﬁ5lH@I°§ﬁ ectFeFrPatTe P foffy, t may
um na cat al yst alboScoB&a&ntstﬁe&?%p&@&n@m¢s4p&ﬂ@xﬁsingesnelbe moze

Do te supported BLatiRu otoub BcBfsl MSRIOXY upae peded B g¥eC O
059, 683 descri be @éﬁﬁé@@nmopadéednpasaﬂg mﬂo@g@natem oFagne amwmore
5 oxides of tungsten and tin.

When reference is made herein to a metal oxide(s)
or oxides(s) of a metal, it is intended to include all
oxide forms of such metal and mixtures thereof as well
as hydroxo-oxides, hydrous oxides and the like.

10 Typically, the catalysts of this invention contain
from about 40 up to about 88 weight percent zirconium
oxide (as 2r0,), preferably from about 60 up to about 85
weight percent; and from about 3 up to about 48 weight
percent of one or more oxides of manganese, cerium or

15 cobalt, preferably about 10 up to about 30 weight
percent.

The catalysts of this invention contain an amount
of vanadium oxide effective to promote the
decomposition of halogenated organic compounds or other

20 organic compounds. It is desirable that the vanadium
oxide be present in an amount from about 0.1 up to
about 20 weight percent in the oxide form (as V,05) of
the catalyst and preferably from about 2 up to about 10
weight percent.

25 If the catalyst contains tungsten, it will
typically contain up to about - 20 weight percent in the
oxide form (WO,) and prefergply from about 5 up to about
10 weight percent.

It is desirable that the rnoble metal be present on

30 the catalyst in an amount from about 0.01 to about 5
weight percent of the catalyst, and preferably from
about 0.1 to about 1.0 welght percent

Finally, if the cata‘yat .containe tin oxide, it is
desirable that tin oxide bexp:esent in an amount from

35 about 0.1 to about 2.0 weigﬁggpeicent in the oxide form
(Sn0,) and preferably from about 0.3 to about 1.0 weight
percent of the catalyst.
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pounds using catal ysts containing ruthenium rutheniumplatinum and
'platifum respectively, in the presence of an oxi- dizing agent at a

.od%ohpe tagé%‘at a* yt | east 350[err] C ~The article by __Janeg,gré@&]mzm -

tic Oxidation of Volatile Organics, " Ind
1987 26, 2165-2180, is a review of the litesature dealing with the
heterogenous catal ytic oxidation of volatile organic conpounds. The

ayarticle by S. Chatt dd} ¢ REeferredambndineny .detme/ecmlarqﬂsuss of

3)
d
i

Chl ori nat ed Hyckrsmrmiaa 3 -dadgh Gk Jﬂhlgfé&bﬁéi

Cat al ysi s. 130, 76-85(1991) re@&wts on -a stu t he cata? ytic OX|dat|on of
met hyl ene chl o-O0%ide: and ne ax mpze Hkdes qfemqm% y%%wm\orc:r Y and

Ce-Y.  US %&fﬂt 49083, x?a{:‘xfadiﬁﬁ&rdzbﬁﬁe anetdiesh fpredivusmy al ytic
conver si on %% é$nta|n| hydr ogcar bons halqggnated hydr ocar bons
and carbon mbn %ﬁ‘i 5 ‘E‘H@ g‘g’s%% 1€ one
containing a catadessial. The other component is preferably a platinum
group metal. The preferred platinum group metal is
platinum. The other components that can also be
dispersed on the core material include oxides of

in 10 tungsten and tin.

In this preferred embodiment, the core material

85 containing zirconium oxide and at least one oxide of

(f

manganese, cerium or cobalt is first prepared, then
vanadium oxide and other components are dispersed

15 thereon.

Typically, the core material of this invention
contains up to about 90 weight percent zirconium oxide
(2r0,) , preferably from about 50 up to about 80 weight
percent.

20 In the case of a core material comprising
manganese oxide and zirconium oxide, it is desirable
that manganese be present in the core material in an
amount up to about 50 weight pefcent (as Mn,0;) ;
typically, containing at least about 10 weight percent

25 manganese oxide and preferably from about 15 up to
about 35 weight percent.

In the case of a core material comprising cerium
oxide and zirconium oxide, it is desirable that cerium
oxide be present in the core material in an amount up

30 to 50 weight percent (as Ce0Q,); typically, containing at
least about 14 weight percent cerium oxide, and
preferably from about 15 up to about 25 weight percent.

In the case of a ccre material comprising cobalt
oxide and zirconium oxide, it is;desirable that cobalt

35 oxide be present in the core material in an amount up
to 50 weight percent as Co;0,; ty@ically, containing at

} ‘"“ﬁﬁ'iii‘l‘i‘iilﬂili““"iin




such as-al um num oxi de, silicon dioxide, alumnumsilicate and/or a zeolite
optiomal |y _containing oxidic conpounds of barium nanganese, copper,

catal yst such as platinum and/or palladi um or p%gtfnuﬁ1and r hodi um*
EP- A- 0547226 (published after the priority date of the present application)

oxi de of tap o oS a0 VoAU, perRerti pIeEdabad B Rt AR €0

conponent conpri si APORY B Meightopersentore netals selected fromV, M,

Sn, Ce and W JP- A- 633/ Yol niTleRR3 ®aiAtRl Yombimed Wit A dihext Wash

Compr i sbs. 21 1 bont UMRCRRA LA SUSH AHmEBAMRES Fio SRS IO OF BEEATEaD! y

onstitutes 3% 50 Tffigonentis)siucti agheiteeda] sdthouad itaie preferred
that titania is absent from the catalyst of this
invention. The core material may be prepared by means
well known to those of ordinary skill in the art and
include physical mixtures, cbgellation, coprecipitation

10 or impregnation. The preferred techniques for
preparing the core material of this invention are
cogellation and coprecipitation. For further details
of these methods see U.S. Patent 4,085,193 which is
incorporated by reference for its teaching of

15 techniques for coprecipitation and cogellation.
Impregnation may be used in a manner analogous to the
methods discussed with regard to dispersing vanadium
oxide and other components on the core material.

For example, a core material of zirconium oxide

20 and manganese oxide may be prepared by mixing aqueous

'~ solutions of a suitable zirconium oxide precursor such
as zirconium oxynitrate, zirconium acetate, zirconium
oxychloride, or zirconium oxysulfate and a suitable
manganese oxide precursor such as manganese nitrate,

25 manganese acetate, manganese dichloride or manganese
dibromide, adding a sufficient amount of a base such as
ammonium hydroxide to obtain a pH of 8-9, filtering the
resulting precipitate, washing with water, drying at
120-150°C and then calcining .at 450-500°C.

30 A similar procedure emplpying a soluble cerium or
cobalt compound such as cerium nitrate, cerium acetate,
cerium sulfate or cerium chloride, cobalt nitrate,
cobalt chloride or cobalt bromide may be used if a core
material comﬁrising zirconiumghxide and oxides of ceria

35 or cobalt is desired. l

It is desirable that the core material and the
catalyst of this invention have a surface area of from

This:Sheet Has Been Re ace
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There:is still a need for catalysts and processes for the oxidative
-destru€tion of hal ogenated organi cs and other organi c conpounds which
s ood de | WWgy S4yGshsgcti vity and stability. SUMVARY OF THE ‘| NViEE/8893/06220
I'sS knvention relates to a catal yst and process for treating gas streans.
In oné enbodi ment this invention relates to a7eatalyst for treating a gas
st ream cont ai ni ng conpounds sel ect ed fronlthe group consi sting of
phedogenat ed or gardkowor@umdg, tothbpuaraaﬁluibswmmxﬂﬁgréhhynfR@Mr%hOﬂt
thereof, said catrggly tt&%‘i?lé’% ngl um oxi de. at |east 40 wei ght
east

percent zi rconi um oxi e an oxi de selected fromthe
he vanadium oxides and ‘the other components can

2 be dlspersed onto the core materlal by means well known

i 5 in the art. If both vanadium, and one or more other
components are desired, they can all be impregnated

s . simultaneously or sequentially in any order.

i Impregnation is the preferred'method. Impregnation may

:ion be carried out by techniques well known to those of

-10 ordinary skill in the art.
For example, one may wish to disperse vanadium
s oxide in combination with other components onto the
: core material. One way to disperse these components is
to impregnate core material in particulate or powder
15 form (for example spheres, tablets, extrudates or
powder as representative examples of shapes of core
material) with a solution containing a vanadium
compound and/or compounds of the other components. The
solution may be an aqueous solution, one using an
3 ' 20 organic solvent or a mixture of the two, with an
‘h : aqueous solution being preferfed. The criteria used in
t - selecting the compounds are that the compounds be
soluble in the desired solvent and that the compounds
. can be converted to the appropriate oxide by heating at
é 25 elevated temperatures or by chemical reactions.
as ‘ Illustrative of these compounds are the halides of
ne f vanadium, tungsten, and tin; beacids, oxyacid salts
and oxysalts of vanadium, tuhésten and tin. Specific
examples are tungsten dioxydichloride, tin bromide, tin
: o 30 chloride, tungstic acid, ammonlum paratungstate,-
:, f ammonium meta tungstate, vanadlum oxychlorlde, vanadium
; oxydichloride, wvanadic aciagd, cobaltlc acid, wvanadyl
sulfate, tin acetate, tin nxtrate, tin chloride and
ammonium meta vanadate. Ammonzum meta tunstate,
35 ammonium meta vanadate and tin;chlorlde are the
preferred compounds.

w
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jr oup.. consi sting of nmanganese oxi de, cerium oxi de and cobalt oxide. In

inot her enbodi ment, this invention relates to a process for treating a gas

5t eam cont WO MJ04258pounds sel ected from the group consi sting BCT/US93/06220
al ogenat ed organi c conpounds, other. organic conpounds and m xtures

[ hereof, conprising contacting said gas streanﬁ%ﬁ'aienperature of from

B cos 40 vel ght percent | SRRcARFRRSBREGERaRE Lhe| BAEELETLAGEP B2, BPALEE]

romthe group conswitihnghef mezadacompound solutlon may be carried out in
ways well known in the art One convenient method is
to place the core mater1al in partlculate form, e.gqg.,

5 granules, into a rotary evaporator which is partially

' immersed in a heating bath. The impregnating solution
which contains an amount oi the desired metal compound
to provide the desired conéentration of oxide or metal
in the finished catalyst is now added to the core

10 material and the mixture cold rolled (no heat) for a
time from about 10 to 60 miputes. Next, heat is
applied and the solvent islevaporated. This usually
takes from about 1 to about 4 hours. ' Finally, the
golid is removed from the rotary evaporator and

15 calcined in air at a temperature of about 400°C-600°C
for about 1 to 3 hours. ifiboth vanadium and one or
more other components are desired, they may be
impregnated simultaneously-or sequentially in any
order.

20 Alternatively, the core material in powder form is
placed into a planetary mixer and the impregnating
solution is added under conﬁinuous agitation until a
state of incipient wetnessfis'achieved. The powder is
then dried in an oven for 4-8 hours and calcined from

25 about 400°C-600°C for 1-3 hours.

Other methods of dispersing these oxides onto core
material are coprecipitatidﬁ'or cogellation.

If a platlnum group metal component is desired on
the catalyst, it may be dlspersed onto the core

30 material before or after the ‘addition of vanadium oxide
or the other components to the core material by
impregnating the material w1th a solution containing a
compound of the desired pla;:num group metal(s). The
solution may be an aqueous'or-non -aqueous (organic

35 solvent) solution. Any plftihum group metal cocmpound
may be used provided the compound is soluble in the
'chosen solvent and decomposes to the metal upon heating

eet Has Been Replaced - 1
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-2- nose OX|de cerium oxi de and cobalt oxide in the presence of ‘an
effectrve anmount of oxygen and wat er .

_ !/06220 WO 94/04251 ) PCT/US93/06220
: 9.
in air at elevated temperatures. Illustrative of these
~ in platinum group metal compounde are chloroplatinic acid,
f is ammonium chloroplatinate, hydroxy disulfite,
| ., bromoplatinic acid, platinum tetrachloride hydrate,
?Ly | 5 platinum dichlorocarbonyl dichloride, dinitrodiamino
. .on ' platinum, amine solubilized platinum hydroxide, rhodium
itnd ' trichloride, "hexaamminerhodium chloride, rhodium
al carbonylchloride, rhodium trichloride hydrate, rhodium

nitrate, rhodium acetate, chloropalladic acid,

10 palladium chloride, palladium nitrate,
diamminepalladium hydroxide and tetraamminepalladium
chloride. The impregnation procedure is analogous to
that used to disperse vanadium oxide and other
components. '

15 The catalyst of the instant invention may be used
in any configuration, shape or size which exposes it to
the gas to be treated. For example, the catalyst can
be conveniently employed in particulate form or the

. catalyst can be deposited onto a solid monolithic

is : 20 carrier. When the particulate form is desired, the

| catalyst can be formed into shapes such as tablets,
pellets, granules, rings, spheres, etc. The

3 ; particulate form is especially desirable where large
volumes of catalysts are needed, and for use in

25 circumstances in which frequent replacement of the

ce ; catalyst may be desired. 1In circumstances in which

§ less mass is desirable or in which movement or
l i agitation of particles of catalyst may result in
g attrition, dusting and resulting loss of dispersed

' 30 metals or oxides or undue increase in pressure drop

é across the particles due to high gas flows, a

; monolithic form is preferred.

L]

{5

In the employment of a monolithic form, it is
usually most convenient to employ the catalyst as a
35 thin film or coating deposited on an inert carrier
- material which provides the structural support for the
7 catalyst. The inert carrier materlal can be any

"‘ﬁﬁ‘ii‘uTiiin i lin




DESCRI.PTI ON OF THE PREFERRED EMBODI MENT As previously stated this
“i nventd on provides catal ysts and a process for using said catalysts to ;
treat @asw0OOs@dRsicont ai ni ng hal-ogenat ed organi c and/ or ot hepCDUS9IBI06220 w
conmpounds. The catal yst of this invention conprlses vanadi um oxi de, at '
| east 40 wei ght percent Z|rcon|un1OX|de and a9 Teast one of manganese

oxi de, cerium oxide_or cobalt oxid The, cat al alsoﬁmfgtaln ot her

conponent s conprl’é?;@aﬁ:l%:ydf‘am’eajpl%‘f?lﬁlﬁ?g? :i'r‘ét%?s’“e +€as used
herein are platlnnmtepmdladluntaﬂd dé@ﬂr&bleamwdbrtmaecarrﬁeremmuer&slof

L geLen o & e oY BERLEFE SUELRoehS TRCRPELE Lol L nadE 5L O

degraded by the gas to which it is exposed. Examples
5 of suitable ceramic materials include sillimanite,

' petalite, cordierite, mullite,'zircon, zircon mullite,
spodumene, alumina-titanate, etc. Additionally,
metallic materials which are within the scope of this
invention include metals and alloys as disclosed in

10 U.S. Patent No. 3,920,583 (incorporated herein by
reference) which are oxidation resistant and are
otherwise capable of withstanding high temperatures.
For the treatment of gases containing halocarbons,
ceramic materials are preferred.

15 - The monolithic carrier material can best be
utilized in any rigid unitary configuration which
provides a plurality of pores or channels extending in
the direction of gas flow. It is preferred that the
configuration be a honeycomb configuration. The

20 honeycomb structure can be used advantageously in
either unitary form, or as an arrangement of multiple
modules. The honeycomb structure is usually oriented
such that gas flow is generally in the same direction
as the cells or channels of the honeycomb structure.

25 For a more detailed discussion of monolithic

- structures, refer to U.S. patent 3,785,998'and U.S.
patent 3,767,453, which are incorporated herein by
reference.

If particulate form is desired the catalyst can

30 be formed into granules, spheres or extrudates by means
well known in the industry. For example, the catalyst
powder can be combined with a binder such as a clay and
rolled in a disk pelletizing apparatus to give catalyst
spheres. The amount of binderﬁéan vary considerably

35 but for convenience is presentfﬁrom about 10 to about
30 weight percent. -

This Sheet:Has Been Reﬂlaced y
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of sudh netal and m xtures thereof as well as hydroxo-oxi des hydrous

oxi deq “and the Iike. Typically, the catalysts of this invention contain
: ym gbo o about -88 wei ght percent zirconium oxide ),
pﬁgﬁerabﬁg ?ronla out 60 up to about 85 weight percent; and ?Eﬂ%%%%@?ﬁé

to abdut 48 weight percent of one or nore oxizles of nmanganese, cerium or
cobal t|, preferably about 10 up to about 30 wei ght percent. The

catal ysts of this inEhta anonohithic aformoistdesivedadihen catakyst fefti ve

to prdnote the d@ﬁ{%ﬂ&ﬁ* ?QQﬁé r ot her
1brganlc conpounds %e5|ré%¥@.?% efgaﬁa |un$%§€ e be %ﬁgg%nt in an
* B8punt| from aboUROREYCHMP t GREFHRY DY CRRYERtHARILMEARS t heFRK| eRAMRLe (as
aMerr]io[err]) ofatgmug %&ﬁ%é@réﬁ@f@d Yméd RS RhGwH £nuené0aﬁeoslﬁc&0

wei ght] perce | f cat st contajns tungsten,

|1
contaifn up tgéab%%t r%%ﬂ?°?ﬁl‘?ﬁ% %t?o?#n %‘&ﬁ%ﬂ%ﬁyca ¢

3, this invention in powder form, with water. The

| resultant slurry is ball-milled for about 8 to 18 hours .

3 . to form a usable slurry. Other types of mills such as

' impact mills can be used to reduce the milling time to

10 about 1-4 hours. This slurry can now be used to
deposit a thin film or coating of catalyst of this
invention onto the monolithic carrier by means well
known in the art. Optionally, an adhesion aid such as
alumina, silica, zirconium silicate, aluminum silicates

15 or zirconium acetate can be added in the form of an
aqueous slurry or solution. A common method involves

1 dipping the monolithic carrier into said slurry,
blowing out the excess slurry, drying and calcining in
air at a temperature of about 450°C to about 600°C for

20 about 1 to about 4 hours. This procedure can be
repeated until the desired amount of catalyst of this
invention is deposited on said monolithic honeycomb
carrier. It is desirable that the catalyst of this
invention be present on the monolithic carrier in an

25 amount in the range of about 1-4g of catalyst per in’® of
carrier volume and preferably from about 1.5 - 3g/in’.

An alternative method of ﬁreparation is to

disperse vanadium oxide and suéh other optional
components on a core materialgeoated monolithic carrier

30 which has been coated with onl& core material by the
above procedure. The compounde which can be used and
the methods of dispersion are the same as described
above. After one cr more of these compounds have been
dispersed onto the core materlal_coated carrier, the

35 catalyst is dried and calcinedﬁat a temperature of
about 400°C to about 600°C for a time of about 1 to 6
hours. If both vanadium and such other components are

This.Sheet Has Been: Reﬂlaced e
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\éférabry'fron1about 5 uﬁ to about 10 weight percent. It is desirable
at tHe nobl e metal be present on the catalyst in an amount from about

. 01 to aboutwcpoayeiss¥it per- cent of the catal yst and preferablygéﬁmsgp@gho
1'to about 1.0 weight percent. Finally, if the catalyst confains tin

ide, it i.s desirable that tin oxide be presentl2n an anount from about
1 to about 2.0 we t percent in the oxide form (Sngerr]) and preferably
om about 0.3 to atfgﬁlqe@. viehey imay rbe nimpregnatedt taneously 0r

eferred enbodi mentindhei@@d flySini snpherdet erized by a core materia
npri si ng 2|rcon|un1OX|g€fand one, or nore oxi des_ of. manganese, cerjum or

balt with vanadi um oxi dtf ZhPLAEHWR SFHR TRk Phcts IPBLFRA QR
spersed on this con:haem:dﬂiyét Tdmeomhemof@rmpem dSspéﬁé@d&bhu’oaa core

a1 mum 0rouP 7% 2 pa g0 B SLSELSE RLBLIUT 8640 B ands ALY FyThudbe

| des of tung- previously described. That 1s, the monolithic
honeycomb carrier which has dispersed thereon core
material and other optional components can be dipped
into an agqueous solution containing a soluble and

10 decomposable noble metal compound, dried and calcined
at a temperature of 400 to 500°C for about 1 to about 5
hours. Any decomposable platinum group metal compound
as enumerated above may be used. The concentration of
the platinum group metals are also as stated above.

15 Although the platinum group metal (s) may be impregnated
before the vanadium and other components, it is
preferred that they be impregnated after the vanadium
and other components.

Another embodiment of this invention is a

20 process for destroying or converting by oxidation
and/or hydrolysis halogenated organic compounds (also
referred to herein as organohalogen compounds) and
other organic compounds present in a gas stream
comprising contacting the gas stream at a temperature

25 of about 175°C to about 550°C and preferably at a
temperature of about 250°C to about 475°C with the
catalyst described heretofore. The organohalogen
compounds which may be treated are any organic
compounds which contain at:igast one halogen atom in

30 the structure of the compouhds. Some specific examples
are chlorobenzene, dichlorobenzenes, fluorobenzene,
carbon tetrachloride, chloroform, methyl chloride,
vinyl chloride, methylene chloride, ethyl chloride,
ethylene chloride, ethylidehe dichloride, 1,1,2-

35 trichloroethane, 1,1,1-tri¢hioroethane, methyl bromide,
ethylene dibromide, trichldroethylene,
tetrachloroethylene, polychlorlnated blphenyls,

Sheet Has Been RTlaced

i I




sten“cnd tin. In this preferred enbodiment, the core material
.éontalnlng zi rconi um oxi de and at | east one OXIde of manganese, cerlunlor-

obal t epar ed, then vanadi um oxi de- and ot her conponents ar
’@%p seé’vbﬁr@?‘&gﬁ{ Typically, the core material of this ?ﬁ»'\féﬁﬂ%ﬂ‘zm
contaijns up to about 90 wei ght percent zircopgumoxide (Zr(Jerr]), prefer-
ably fjrom about 50 up to about 80 wei ght percent. In the case of a core

mat erifal conpri SbMoﬁaagansﬁereméeﬁaaad aiEﬁQBbBEhQIhéﬁombEhhiedei' rable
t hat rfanganese be resgPF in the i n_an apount ug f 0 about 50

wei ght] percent (58 ?EFerPF?YStPBPE%pPy,déSH@SFHFﬁQ°§PmF Bareapout 10
ami ght] percent manmanesomztcdacmd préthlokbicetid akedt ahd up to about 35

B Donr o oxFEsELbRPatREEerheRacy ] AndTbFpERpy BAL thie " nbek 1B ¢°
o 5 may also treat a gas stream which contains other

organic compounds which do not contain any hélogens in
their structure. These other 6rganic compounds include

1 - hydrocarbons, oxygenates, amines, etc. Specific
examples include benzene,'toluene, Xylenes, phenol,

;:d 10 ethyl alcohol, methyl acetate, methyl formate isopropyl
ts5 amine, butyl phthalate, aniline, formaldehyde, methyl
énd ethyl ketone, acetone, etc. _

§3f It is also desirable that the gas stream to be

z treated contain water vapor so that haloacids are

 -ed 15 formed, e.g., HCl, instead of molecular halogen

; compounds, e.g., Cl,. It is desirable to produce

i haloacids instead of molecular halogen compounds for

two reasons. First, an acid such as HCl is much more
easily trapped and neutralized from the effluent gas

20 stream than chlorine (Cl,) thereby reducing corrosion

i> problems in downstream process equipment. Second,

: molecular halogen compounds can attack the components
of the catalyst much more easily than haloacids,
thereby decreasing the life of the catalyst.

25 Usually the gas streams will contain adequate
water since the gas stream is often vent gas from air
stripping of contaminated grouﬁd water or soil or
contains combustion products f%om the hydrocarbon or
other hydrogen containing organlc species. However, if

- 28 30 the gas stream does not contaln any water, .it may be

added to the gas stream prior to contacting the gas

stream with the catalyst. The:minimum amount of water
needed is that amount which wiﬁl give an H:X atomic

ratio of 1:1 where E is the tqﬁal hydrogen atoms and X

2, 35 is the total halogen atoms. An H:X atom ratio of about

6:1 or greater is préferred.
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resent .in the core material in an ambunt up to 50 wei ght percent (as
Jerr]); typically, containing at |east about-14 weight percent cerium

xi de, and wo'oasgdeky from about 15 up to about. 25 wei ght per cepér/usossdedzo :
'he case of a core material conprising cobalt oxide and zirconium oxi-de, It
s desirable that cobalt oxide be present in thikd€ore material in an anount :
p to 50 weight percent as Co[err]Jerr]; typically, containing at |east 10,

i ght per- cent, prefer%@ﬂ%hcrdmﬁbheét°§5PE§Vi@i@@oﬁbe3EBQ@§©HV3EQ¥C@%ta '

he core materi al bga & Ogtiosd i\btéooé.&&ra”ﬁiv&fbééﬁbéﬂc&aétbéﬁd@féaﬁc

idhesi on aids or active copgponents such_as titani al though it _
referred that tltaﬁ?EP?Qn%bs%n$ fr%ﬁh?%%nﬁataf92§1%?etﬁp§ %Qﬁ%tlﬁﬁPaQQk
ore material my bacetepey eﬂebhymmy!vekétbuewleto. t bpsehede carie naoy

pi tat]on or 1 bt cHREPRON. SarEXe eRerr ShH ERre R v it ThalTREE e core

terial of this incembustedrevengtheéacavalyat to carbon dioxide and :
water. The amount of such organic compound is chosen
so that the ratio of total hydrogen from all sources in
the gas stream entering thé catalyst reactor to total

10 halogen atoms is at least 1:1 and preferably 6:1 or
greater. Additionally, if the gas stream does not
contain oxygen (air), it must be added to carry out the
combustion.

Many gas streams already contain enough oxygen (0,)

15 to ‘oxidize all the pollutants, and most gas streams
contain a large excess. In general, a large excess of
oxygen greatly facilitates the oxidation reaction. 1In
‘the event that the gas stream does not contain enough
oxygen, oxygen, preferably as air, may be injected into

20 the gas stream prior to contact with the catalyst. The
minimum amount of oxygen which must be present in the
gas stream is the stoichiometric amount necessary to
convert the carbon and hydrogén in the compounds
present to carbon dioxide and water. For convenience

25 and to insure that the oxidation reaction goes to
completion, it is desirable that an excess of oxygen be
present. Accordingly, it is preferable that at least
two times the stoichiometric amount and most preferably
at least five times the stoichiometric amount of oxygen

30 Dbe present in the waste gas stream,

The flow rate of the gas stream over the catalyst
is not critical since the contact time required to
destroy the pollutants is very short. Therefore, the
volume hourly space velocity (VHSV) can vary

35 substantially from about 1,000 to about 100,000 hr. -
and preferably from about 5,000 to about 15,000 hr.”!
based on gas rates calculated at standard temperature
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copregi grtatlon For further details of these nmethods see U.S. Patent
4,085{193 which is incorporated by reference for its teaching of techniques
“rok2o CPPT QD €d/badsion and cogel | ation. Inpregnation may be us%ﬁb 3RO
anal opous to the nethods discussed with regard to dispersing vanadl um oxi de
and ofher conponents on the core material. -15- For exanple, a core materia
of zi fconi um oxi de and nmanganese oxi de may be prepared by m xi ng agueous
. @olu-|tions of aa@ip:a&ﬂsmne’rccﬂ'ﬁexWKWcEamrlmmmrollbédabyzadimtim
ngéyni rate, zi rq_q{g Lﬁﬁ%eéf’ltt?he Zég chI oride, or zirconium
e

oxysulfate and a suit nmanganese |de recursor such as nmanganese

Ohitral e manganese acéfhe ePI‘(Pﬁ#ﬁS g%me@blﬁilm\r%ﬁtil@nois n%\h!ﬂr@ﬁl CRPLRI des

addinp a sufficiggitp Mes%@rmel w dénde Lh&ai n
a pH pf 8-9, fllterl $ the resultin CIP]ta was hi &ﬁ% wat er

n
dryinp at 12c§ 15/ CORPYRLS 3zed sppd 5%1:@3 h oxygen.

It is also be understood that the process of the

}n present invention is not dependent on the concentration
: in of the organic compounds and/or the organohalogen
L compounds. Thus, gas streams with a very wide

10 concentration range of pollutants can be treated by the
instant process.

?.he The catalysts of this invention are very active

and stable. For example, laboratory test data shows

- 0,) that a catalyst consisting of a monolithic cordierite
_ 15 honeycomb carrier coated with manganese oxide and

£ | zirconia on which vanadia is dispersed destroyed 99%

trichloroethylene in a test stream at 450°C and 7500

VHSV for at least 1200 hours.

- to Once the gas stream has been contacted with the

2e 20 catalyst and the pollutants destroyed, the catalyst

treated gas stream may be further treated, if desired,
to remove the halogen acid and any halogens which are
formed during the conversion process. For example, the
catalyst treated gas stream may be passed through a

25 scrubber to absorb the acid. The scrubber may contain

e a base such as sodium or ammonium hydroxide which
neutralizes the acids and solubilizes the halogens as
Yy basic hypohalites and halides:é
n This invention is exemplitied in the following

30 examples. Of course, these examples are not intended
as limiting this invention as modification of the
examples by ordinary expedienﬁ:ﬁill be readily apparent
to those of ordinary skills in the art.

35 A mixture of a 20% soluiiﬁﬁ of zirconyl oxynitrate
(790 g) and a 50% manganese niffate solution (100g) is
prepared. A 7M solution of ammonium hydroxide is added

[‘hls Sheel: Has Been R laced
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A simil.ar procedure enploying a sol ubl e cerium or cobalt conpound such as
ceriumhitrate, ceriumacetate, ceriumsulfate or ceriumchloride, cobalt

nitrate, CQR@'ds/¢4aspri de or -cobalt bromide may be used.if a cop@_-ry@ggymmo
conprising zirconi um oxi de and oxi des of Cerialgr_cobalt is desired
to this mixture with constant stirring to obtain a pH
of 3.5 and gel formation. One liter of water is added
to the gel and the gel is broken by stirring with a
large spatula. A 7M ammonium hydroxide solution is
5 added to obtain a pH of 8-9. This mixture is then
filtered and washed with additional water. The
resulting powder is dried at 120°C overnight and then
calcined at 500°C for two hours to yield a
coprecipitated manganese oxide/zirconia powder.
10 : Example 2
The manganese oxide/zirconia powder prepared in
Example 1 (800g) is impregnated to incipient wetness
with 288g of an ammonium meta vandate solution (11.1%
in water). The resulting powder is dried at 120°C
15 overnight and then calcined at 500°C for one hour to
yield the desired vanadium oxide on manganese
oxide/zirconia catalyst. The resultant catalyst powder
contains 4.0% vanadium oxide. A slurry of this powder
is prepared by placing 40g of the powder in a ball mill
20 with 100g of water and milling for 12 hours. To this
slurry is added an alumina (Condea SBA-150) slurry (48%
solids) in sufficient quantity to produce a mixture
containing 82% of the vanadia/manganese oxide/zirconia
slurry and 18% of the alumina slurry. A cylindrical
25 shaped monolith cordierite honeycomb having a diameter
of 1 inch, a length of 3 inches and 400 cells per
square inch is dipped into the above-described slurry.
After dipping, the excess slurry is blown out with an
air gun and the honeycomb is dried at 120°C for one
30 hour and calcined at 500°C for one hour. This
procedure is repeated until the monolith has a catalyst
loading of 1.5g/in®. Prior to testing, the catalyst
prepared above is cut into one irch long pieces and its
diameter reduced to 7/8 in. by grinding.
35 Example 3
The vanadium oxide/manganese oxide/zirconia catalyst
prepared in Example 2 is 1mpregnated with 41.1g of an
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3 4§ . It is desirable that the core material and the catal yst of this
invel tion have a surface area of fromabout 25 nferr]/g to about 275

fﬁpr ]/ bly from about 100 up to about 250 n[err]/ / éﬂﬁﬁﬂ)
6vana IUﬁ]OXI es gnd t he ot her conponents can be di spersed onfn.yie cor
mat edi al by nmeans well known in . -17-

_ agueous amine-solnbilized.platinum hydroxide (HaPt(OH)g)

3 solution (15.1% Pt) and 69.7g of water. The powder is

: then dried at 120°C overnight and calcined at 500°C for
one hour. A cordierite honeycomb of the size and shape

5 described in Example 2 is cokted in the same way as the
catalyst described in Example 2.
' Example 4
A vanadium oxide on cerium oxide/zirconia powder is
prepared in the same manner as the "

10 vanadia/manganese/zirconia catalyst described in
Example 2 employing 800g ceria/zirconia (20% Ce03)
impregnated with 288g of an 11.1% of aqueous ammonium
meta vanadium solution. The powder of this example is
applied to the honeycomb without the alumina adhesion

15 aid.-
. Example S5
r A mixture of a 20% solution of zirconyl oxynitrate
(790g) , a 50% solution of manganese nitrate (100g) and
1 81.32g of cobalt nitrate is prepared. A 7M solution of
20 ammonium hydroxide is added to this mixture with
% constant stirring to obtain a pH of 3.5 and gel

formation. One liter of water is added to the gel and
the gel is broken by stirring with a spatula. A 7M
ammonium hydroxide solution is added to obtain a PH of
25 8-9. This mixture is filtered and washed with
additional water. The resulting powder is dried at
120°C overnight and then calcined at 500°C for two
hours to yield the desired cobalt oxide/manganese
- oxide/zirconia powder. This powder (100g) is
30 impregnated with 14g of an aqueous solution of ammonium
‘meta vanadate (8%) diluted further with 260 ml. of
water. The resulting powder is dried at 150°C
overnight and then calcined at 500°C for one hour. The
resultant catalyst powder contains 4.0% vanadium oxide
35 (V20s5). |

AR A
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ey can all

B.chni ques wel |

10

15

20

25

e art.1f both vanadi um

90 sqRagfr:

pregnation IS L gt F i
wn H TI¢ -)8e. . : : er
%5anple one may afsh'to di sperse vanadi um oxi#8~i n conbi nation wi'th ot

% the core mate- rial. One \ _ s
'nPgn?E%fegﬂg?e core material in-particulate or powder form (for exanp

: = \ i ve exanpl es of shapes
bher es, tablets. extrudates O!’ powder asmt ﬁt :jv Corrpoul:]d. and/ or
B core material) AMt¢Btig!ﬂeEaDMyOEEQGJE?u?9§1@h¥€'%@é%ﬂ}ﬁﬁﬂ&@ﬁscggngyion,

+Apregnati on may be carri eﬂgg}r"ﬁs@ioszzo

ed- et HoC ati or
Ros&tof prdinary skill in the art.

One way ta disperse these conponents

. The so I on ma

pmpounds of - t he %ﬁggﬁgé’éﬁr}‘&%tmqt%émoqmtm,ongaﬂniw £88CStRer

e using an organic . ; b i dhisip | i conpounds are
B e i apumde e il top €4 e difor YPAYTAS orC
at the comow;dﬁiﬁéﬁféﬂ”ﬂie 1 i pql_a_;__:ef inside a Lindberg furnace.

hn be converte

tfhe gases are introduced fromithe top of the tube and
flow downward over ﬁhe'catalgéta Catalyst on a
honeycomb monolith having a 7/8 inch diameter and 1
inch length is placed in thé_giddle of the tube and the
destruction of organic compoﬁé@s by the catalyst is
evaluated. The catalyst is tésted at temperatures
ranging from 175°C to 4sb'c. :rhe concentration of the
organic compound is 1000 ppm in air containing 1.5%
water and the volume hourly sggce velocity is 7500. a
hydrpcarbon.analyzer (FiD) or a gas chromatograph is
used to analyze the outlet gas. The conversion
efficiency is calculated at vatious temperatures using
equation 1.

% conversion = [(Cin~ Cout)/Cixl100 (1)
where Cjnis the inlet concentration of the organic
compound to be converted and Cgués the outlet
concentration. | ' |
The results of the foregoing test are shown in the
following table to exemplify the destruction of
halogenated organics and.othergprganics using the
catalysts of this invention.
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'.t.he apptopriate oxide by heating at el evated tenperatures or by chem cal
reactjons. I|llustrative of these conpounds are the halides of vanadi um

062200s1 enwoiuynam oxyaci ds, ‘oxyacid salts and oxysalts of vanadi um
tungs{en and tin. Specific exarrpl es are tungsten di oxydi chl &W&Sﬁmzzo

bromigle, tin chloride, tungstic acid, ammpnijgn paratungstate, ammoni um nmeta
tungs{ate, vanadi um oxychl ori de. vanadl um oxydi chl ori de, vanadic acid,

cobal{ic acid, vanadyl sulfate, tin acetml.gtn:n nitrate, tin chloride and
amonfum net a vanadat e. Ammoni tunstate, anmpni um neta vanadate and

tin cploride ar ferred t}olflrrpre ation of the
parti ful ates or powder with the cor%%mﬁf"% |onMried out
in ways well kn@n in the art. +gge convenl ent diod is to place the core
materjal in Par@xul2zate form. epsg, granul es, 4 éga rotary %orat or

whi ch| is partiaBx i2mer sed i ngeReating bath.g |npregnat| sol ution
whi chf cont ai ns &x.alount of therCe 3’75°C "50%
BEx. 3 - TCE . 425°C 20%
. Bx. 3 TCE 450°C 99%
10 Ex. 4 TCE 375¢°C 50%
Bx. 4 TCE 425°C 90%
Ex. 4 TCE 450°C 90%
2 Ex. 2 Toluene 320°C :50%
Bx. 2 Toluene 345°C 90%
15 Ex. 2 Toluene 350°C 99%
Bx. 3 Toluene 199°C 90%
Ex. 3 ~Toluene 225°C 99%
Bx. 2 MC .375°C 50%
20 Ex. 2 - MC 400°C 90%
Ex. 2 MC 450°C 99%
Ex. 4 MC 375°C 50%
Ex. 4 MC ~ 425°C ' 90%
Ex. 4 MC 450°C 99%
Ex. 2 TetraCE 375°C 50%
25 Bx. 2 TetraCE 425°C 90%
Ex. 2 TetraCE 450¢C 99%
Ex. 4 TetraCE ' 375¢°C 50%
Bx. 4 TetraCE 425°C 90%
Ex. 4 TetraCE 450°C 99%
30 Ex. 2 Chloro- 300°C 50%
benzene
Ex. 2 Chloro- 350°C 90%
benezene
Bx. 2 Chloro- 400°C 99%
35 benzene

TCE = Trichloroethylene
MC = Methylene Chloride

Tetra CE = Tetrachloroethylene
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concentration of oxide or
‘0-the core material and the
out 10 to 60 m nutes. Next
reygved fromthe rotary

s. |f "both vanadi um and one or

- nat ed si nmul t aneously
Qi o SaR BReaR |

|s t qjgﬁde‘%q n- oven % 'hof&eﬂkﬁkb flelds

TOr 4-
thereQﬁduﬁaidﬂQﬁﬁﬁiXﬂt

ersing these oxi dwﬁei@g Qraﬂdirunﬂloﬂde C ARG iR I3l 'and at least
one oxide selected from . the group consisting of
-\manganese oxide, cerium oxide and cobalt oxide.

2. A catalyst according to- claim*:n‘tzwherein said

‘catalyst is characterized by a- core ‘material ‘comprising
- zirconium oxide -and one or .more oxides ‘of -manganese,

cerium or cobalt. _
' ‘3. A catalyst according to Claim 2 wherein the
-vanadium oxide is dispersed on the core material in an

.amount from about 0.1. weight percent up to about 20

weight ‘percent (as V,0;) of’ the catalyst.
4. A ca.talyst accordin_g -to claim 2 wherein

- zirconium oxide is -present' in the core material in an

amount from about 50 weight percent up to about 90

‘weight percent (as 2Z,0,).

5. A catalyst according to claim 2 ‘wherein

--manganese oxide is present in the core material in an

amount from about 10 weight percent up to about 50
weight percent (as Mn,0,) .

6. A catalyst accordz.ng to claim 2 wherein said
core material consists essentially of zirconium oxide"
and manganese oxide. |

7. A catalyst according to claim 1 wherein the
catalyst contains one . or ore ‘platinum group metals in
an amount from about 0. Ol 'p to about 5 weight percent
of the catalyst. e . .

8. A catalyst accord:.ng to claim 1 wherein the
catalyst contains tungsten oxide, tin oxide or mixtures
thereof. o S -

9. a catalyst according to claim 8 wherein
tungsten oxide is present :Ln an amount f£rom about 5.01
up to about 20 weight percent (as WO;) of the catalyst.
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I (s). The solution may be an aqueaqis .or.non- aqueous (organic
olution. Any platinum group netal corrpound may be used provi ded

nd is_solu:a.e i ddiRighs %cﬁﬁ*d&@iﬁ w%mwmémtmenet al

ng in. airat elevate eratur L lustrative t,h
oipt BT -x%ﬁ& axial 3 Feo Aheim s v/

i nat‘ﬂpnwatmabcdlMﬁ 1ot -,gbr om)pl at ini € aci.d, “pl ati aum

i de hydrat Q i - dic ni t rodi ami no
am ne sol Ubry ze‘%% %f%com e, "od'%m férj"&%&rl de, .
r hoBi gmm:lm-i. ;j‘__ o __.faaeiaquadmﬁmw&he Igxtupn consistinge
hodi, UMe# nadioherdd il \WRqMHld [ ,pgm%ﬁ:éﬁ pal I adi um

palfadi um nitrate..
said catalyst

Innievompounds: and mixtureps 'tthereof.,
comprising

ey nzdrconium e -oxide
10:soxide: 'dispersed on said core: _'materialﬁinimmunt £rom

anc. maboutz0. 1sweight percent ap ‘t about"'zo »ﬁe’igh’tipercent

.>das: ‘V,'Os)ecf the catalyst., SN
542, 0 amcatalyst aaccording “torelaim 13- wherein one

RN - > o *morelplatinum«group metals: are'dispersed -on-the core
15 material in an amount from ahout 0.01 up-to- ‘about S

niweight: :percent of the: catalyst. A e

AR R s:atalyst according to claim 11- wherein
L epungsten. toxide “tinsoxide or mixtures ‘thereof are
Sk d:.spersed -on .‘the core ~material. '

.20 4. -FA process for treating augas -stream

containing compounds selected- from the ‘group consisting
of halogenated organic compounds sother organic
- “Compounds and mixtures:- thereof, : c_omprising contacting
said gas stream at-a . temperature of - from -about 175°C up
25 -~to about ~550°c with a. catalyst omprising vanadium
. coxide, zirconium-oxide and at least:one oxide selected
~ . from the- group consisting of 'manganese -oxide, cerium
-oxide ‘and ‘cobalt oxide 4n the esence of an effective
. ramount -of :oXygen and water. s
30 . 5. A process according to claim 14 wherein said
catalyst is characterized by a 'core_material comprising
zirconium oxide and one or mo i'oxides of manganese,
.cerium or cobalt.: .
: .. :A6. A process accord:.ng o ':laim 15 wherein the
.35 : vanadium oxide is dispersed on the core material in an
.'::amount :Erom a.bout 0.1 weight percent ap to :about 20
weight percent (as V,0s) of the catalyst.
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:Eef'naLl ! it anoe 2HHBRE  EROH S WMTERbetRbt kFhp bEURCBU st ("
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perse (004 ES or e I ncrease

_s_ent 3n.the core material
ent.;np : ,to .-.about 50 ‘weight

<48 from:mabout:i10 weight*'
i fpercent #{As Mn0,) .
£A9 .nd :process ac'_ mgﬂ:o ciaim merein the

smetals

mispereed +On 4 said core:mat rial dn. ansamoﬁnt from about

.01 -up “to ;about 5 weight=:zpercentf~of the catalyst.
«+20. wA;process. faccording Ftosclaim -14 -wherein the

e f___nr;oa__t,alyst ,,contains tungsten_,;_oxide ~£in- _oxide .0r mixtures
15 sthereof.- - e

S 21, A catalyst according g 1) cclaim 20 vherein
-tungsten oxide is presen ' in_ an amount £rom about 5 up
~t0 about 20 :weight percen {as :WO;) of the catalyst.

' 22. A -catalyst: acoording to claim 15 ‘wherein the
surface ;area of the core material is from about 25 m?/g
--up -to about 275 -m/g.. o
:-23. zA-process for: treating a gas stream
oonta:.niog -compounds : selected from the group consist:mg
vof thalogenated organic compounds, other organic
compounds and mixtures thereof comprising contacting
.>said -gas stream.at a temperature of £from:about 1'75°C up
‘o about:550°C:with a cat it comprising 1) a core
material ~consisting essen ly of zirconium oxide and
- manganese oxide; and ii)
-said «core material in: an__,amox_mt £rom about 0.1 weight -
- ;percent up to sabout 20 weight-- percent (as V,0;) of the
- ~gatalyst. AP
24. A procels according to claim 23 wherein said
-catalyst contains one .or imore jplatinum group metals
dispersed :on ‘the core material in an amount *from about

. 0.01 up to .about 5 weight- percent of the wwatalyst.

o e gt
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hi gh'.gasflows, a nonolithic formis preferred. In the enpl oynent of a
‘monoliithic form it is usually nost convenient to enploy the catalyst as a
65%1 n f| t| ng deposited on an inert carrier material which provides
e’ structur aI support for the catalyst. The inert carrier REK/8IS930632th be
any riefractory material such as ceramc or_ygtallic materials. It is
desirable that the carrier material be unreac- tive with the catalytic

conponent s and not 125.degr pieikdas WedtEi il 36 VRAESH i@ es
of suitable cergmig m %lals |ncI ude sillimanite, petalite, cordierite .

mul liite, zircof, Zircon a&p&&uﬁ&ﬁé’rl%m na-titanate, etc. Addi-
tionally, netal lic Réter mapsQMGs«shamcem:.tdgl o R a3e0R Qihetz@ﬁa i nvention

| ud t al di S._.Pat - , 920, 583
e e o< st 53 5l b Ut e ann

(i ncor por at Eer eéin by reference I C and are
ot hedwi se capa LEPSFSRO: RB: £hei RgTei gatesdpdratures. For the treatnent of
1gases containing hal ocarbons, ceramic materials are preferred.

; ‘"’ﬁi‘iiﬁ‘ﬁimmmu

. gt LH S g



’The monolithic carrier material can best be utilized in any r|g|d unltary
‘configuration which provides a plurality of pors _oruchaﬂnf ng I n
L

the direction of gas flow It is preferred that! Hetébnflgurat
honeyconb confi gu-

3623 -18-03 Rec'd vOT/ PTG 0 4 ‘\OV 1994
i Example 6
A test generally used to evalﬁate catalyst efficiency
for the destructioen of_halogenated organics and other
organic compounds uses a quartz tube reactor with a
5 diameter of 1 inch placed inside a Lindberg furnace.
The gases are introduced from the top of the tube and
fiow downward over the catalyst. Catalyst on a
honeycomb monolith having a 7/8 inch diameter and 1
10 destruction of organic compounds by the catalyst is
evaluated. The catalyst is tested by temperatures
ranging from 175°'C to 450°C. The concentration of the
organic compound is 1000 ppm in air containing 1.5%
water and the volume hourly space velocity is 7500. &
15 hydrocarbon analyzer (FID) or a gas chromatograph is
used to analyze the outlet gas.' The conversion
efficiency is calculated at various temperatures using
equation 1.
$ conversion = [Ciy = Cou)/Cin] X 100
20 where C;, is the inlet concentration of the organic
compound to be converted and C,. is the outlet
concentration.
The results of the foregoing test are shown in the
following table to exemplify the destruction of
.25 halogenated organics and other organiés using the
catalysts of this invention.

AQE&DED SHEET \\“\‘ “‘\‘Yeﬁ\i\ﬁw



-4- ' -ration. The honeyconb structure can be used advantageously'ln E|rher
unttary form or as an arrangement of nultiple Wﬁﬁgﬂl ﬁ?g
structure is usually iented .such that gas flo |ry/|n sane
direction as the cel?'é£ or channels of the hq?égkpnb structure. For. aNnureggﬁ
| L3 trdctures, ‘refef- to U S. patent Uy 1773

detai |l ed di scussion
3,785,998 and U. S. " ich are |ncorporated herei n by

reference. . - 1. A catalyst for treating a gas stream
containing.eompounds selected from the group comsisting

of . halogenated organic compounds, other ofganic

5 compounds ‘and mixtures thereof, said catalyst

comprising vanadium oxide, zirconium oxide and at least
one oxide selected from the group consisting of
manganese oxide._cenium oxide and cobalt oxide.

2. A catalyst according to claim 1 wherein said

10 catalyst is characterized by a core material comprising
zirconium oxide and ome or more oxides of manganese,
cerium or cobalt. _

3. A catalyst according to Claim 2 wherein the
vanadium oxide is dispersed on the core material in an

15 amount from about 0.1 weight percent up to about 20
weight pericent (as V,0,) of the catalyst.

4. 1A,catalyst according to claim 2 wherein
zirconium oxide is present in the core material in an
amount from about S50 weight percent up to about S0

20 weight percent (as 2roj).

5. A catalyst according to claim 2 wherein
manganese oxide is present in the core material in an
amount from about 10 weight percent up to about 50
weight percent (as Mn,G;) |

25 6. A catalyst according to claim 2 wherein said
core matefial consists essentially of zireonium oxXide
and manganese oxide.

7. A catalyst accordzng to claim 1 wherein the -
catalyst contaxns one or more platinum group metals in

30 an amoun;gfrom about 0.01 up to about 5 weight percent
of the catalyst.

8. . A catalyst accordxng to claim 1 wherein the
ca:alysc contalns tungsten oxide, tin oxide or mixtures
thereof.

35 9. _A;cacalyst_aecor@ing toc claim 8 wherein
tungstenioxide-is present in an amount from about 3
up to about 20 weight percent (as WO,;) of the catalysct.

+his:Sheet. Has Been- Reﬂ
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I f pért+c'u| ate formis desired, the catalyst can be formed into granul es

spheres or extrudates by neans well known in the |ndustry Forp e*xq:rrp'}e
t he catal yst powd%rszcaan be combined with a .as_a clay and rolled
in a disk pel- I'etizing apparatus to gi vew% yét “Eaiends. The anOYt (8

bi nder can vary considerabl yy %Jeg? SEEES P_ﬁ?Ceol 1RNe5eRt wne frreggn @?@ut 10

to about 30 wei ght percent. hic formis desire
catal yst of this iZWERRIGH QFidee ﬂeﬁEEFFé& At 558 EOTSn BrRttERIaLhdReFEonb

carrier by conveMduitalfXEend JelgheXpeRkenraupl o wbowt @ peghted by
means known in the art such as, copbining the appro- priate anmounts of the

catal yst of this iBRAST R on 3% er form with water. The resultant slurry
is ball-mlledZor abouts 8 A tprokdaodiceckdingr foa cladin e ssiwheneinOthes

Lypes ot LS g B Shaladene 33308, BERUab®, LR KAl T
coat | ng of cat al yszts dirami sbou el iwed ghtt @etlcenrmmp to about S50 weight
~ percent (as Mn,0,).
19. A process acccrdlng to claim 14 wherexn the
10 catalyst contains one or mcre_platlnnm group metals
~ dispersed on said core maceciél in an amount from about
0.01 up to about S weight peicent of the catalyst.
20. A process acccrding}tc claim 14 wherein the
catalyst contains tungsten cxide, tin oxide or mixtures
15 thereof. |
21. -A process acccrdigg to claim 20 wherein
tungsten oxide is present in an amount from about 5 up
to about 20 weight percent (as WO,) of the catalyst.
22. A process according to claim 15 wherein the
20 surface area of the core material is from about 25 m/g
up to about 275 n’/g. R
23. A process for treating a gas stream
containing compounds selected from the group consisting
of halogenated organic ccmpounds other organic
25 compounds and mixtures therecf comprising contacting
said gas stream at a temperacure of from about 175°C up
to about 550°C with a catalyec_ccmpr:s;ng i) a core
material consisting essentially of zirconium oxide and
manganese oxide; and ii) vanadium oxide dispersed on
30 sald core material in an amcun: from about 0.1 weight
percent up to about 20 we;gh*:percent (as V,05) of the
catalyst. '

24. A ptccee according to claim 23 wherein said
catalyst contains one or mor platinum group metals -
35 dispersed on the core fnat:er:._: in an amount from about
0.01 up to about 5 we:.ght p'ercenc of the catalyst.

This Sheet Has Been Re [i _ “—M_N
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O|Ith|€ carrle[ by neans wel! known in the art Qotlonally, an adhe5|o?53| 1

‘sueh as S[:l-€ zirgoniuym silicate, tal u- m num si | i

zi rconi’u aceggfb'céﬁ‘@% added t/he form of—an-agueeds--sl-urfy or
solution} A co WShod in S dlpﬁpng t he nnnollthlc carrier into
said slu , frg~out the excess slurry, dfPeEagt - ng in air at
atem- ﬂpergixﬁﬁ of about 450[err]C to about ° H : about ‘1 to
about 4 hour Ps procedure can be repeated : red anount of

catalyst of this invention is deposited on sai d- nDnollthlc honeyconb
carrier. It js dasi cakbykhat sobe Q%b%kx%b of - ghQ'SstE&%ﬁt'eBnﬁﬁxﬁ&%§e“t

on the nonolithic ¢ I n"the range .qof abaqu

75, 4- 65 0g) cHpBPPIndE. agrehbedrs5oR tie droll daMRAREANS ATINBLOIEPAEES fr om
about 24.8 -o#8aAgtcrdampdurids S otBeti njmyarjc . ‘compouAtisal 4red natidterest hod
of preparati o] e |
conponent s ogﬂgkég%é gé?rgtée%?a cogtjf':yﬂcqrg ﬂ% q‘casé:iyr}“rlgl% h‘&%gglgg‘en
coat ed W|th oxlige cand h edieabtbyonee catisle peéee&sde from the group
consisting of manganese ox1de, cerium ox1de and cobalt .
oxide. '

10 .
' 2. A catalyst accordlng to claim 1 whereln said catalyst
is characterlzed by a core material comprising zirconium 3
oxide and one or more oxides of manganese, cerium or cobalt.

1 15 3. A catalyst according to claim 2 wherein the vanadium

“ oxide is dispersed on the core material in an amount from
about 0.1 weight percent up to about 20 weight percent (as
V,0;) of the catalyst.

- 20 4. A catalyst according to claim 2 or claim 3 wherein

| zirconium oxide is present in the core material in an amount
from about 50 weight percent up to ébout 90 weight percent
(as 2ro0,). | - |

.25 5. A catalyst according to any of claims 2 to 4 wherein

: manganese oxide is present in the core material in-an amount
from about 10 weight percent up to about 50 weight percent.
(as Mn,0;) . ' o

.30 6.. A catalyst according_to any éf?¢laims 2 to .5 wherein

said core material consists essentially of zirconium oxide
and manganese oxide.

7. A catalyst according to any of claims 2 to 6 wherein
-35 the surface area of the core materl:lfls from about 25 m /g
up to about 275 nt/g

8. A catalyst according to any preceding claim wherein the

I




pounds awhi ch can be used and the nethods of di sperﬂ{,meeaggsgm pR as
dessri bed above. After one or nore of these corrpo ll um EI di spersed

onto thé core material coated carrier, the catalyst al ci ned
at a tenper- ature of about 400[err]C t 024bout 60
about 1 to 6 hours. If both vanadlun1and such other conponents are

desired, they |nult an A | Ln.an
order. - PBtabFek R bE, ondt & ol oAt dhg ebinE A e
cat al yst, one amountefnap bedtspeﬂsedponDoaboabré watiohtabercep4t of the
monolith in ancggg%ggggs way to that previously described. That is, the
‘nonol i thic honeyco carrier which has di spersed thereon core naterial
and ot her optional conponents can be dipped into an agueous sol ution
containing 8 ¢sol nblcatw@siemwscmh fioblcdaint @ wivspelmdthdr pddtdndm
calcined at a te erat 30 to 500[err]C for about 1 to about 5
hours. Any decgﬁﬁ Eaﬁﬁgag|éF|R éPBHp netal conpound as' enuner at ed above
may be used. The concen-

. 10. A catalyst according to any preceding claim wherein the
catalyst contains tungsten oxide, tin oxide or mixtures
10 thereof. '

|ne of

{ 11. A catalyst according to claim 10 wherein tungsten oxide
is present in an amount from about 5 up to about 20 weight
percent (as wos) of the catalyst.

15 o :
12. A.process'for treating a gas stream containing compounds
selected from the group consisting of halogenated organic

- compounds, other organié compounds and mixtures thereof,
comprising contacting said gas stream at a temperature of

20 from about 175°C up to about 550°C with a catalyst according
to any of claims 1 to 11 in the presence of an effective
amount of oxygen and water.

25
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‘trat!on of the platlnun1group netals are al so.as..stated. boye ﬁ@;hough t.he

ab:(s) o ray-—-be—-Rpreg- nat ed
n f*TS brefe$?ed tihat they bk ¥fhpregnatred
OtheWL/ ' conpoRasnds... L. Anothe{’énﬁmdlﬂent
) “*or Hestrgyﬂﬁglbﬁ c8nMerting by oxidations
hal o- !*-' g Bt oregami-c--domuednds...(Jal~sd referred, 1.0
conpo Kd@ and oﬂh@ﬁ‘eﬂgamperdonpOLnds present
cting tTherge mperature of  about 175fe -
550[ err] C and preferably at—atenperature of--about- -250[ G t'o-ah
475[err]C wth the c e Amﬁ? dﬂﬁ'-‘&ﬂﬁi gen
conpounds whi ch may @ gdiggkﬂﬁﬂAﬁibﬂIBEOUQG gf whi ch contain at
| east one hal ogen aton1|n t = ZPIAA thcé’ ds. Sone specific

exanpl es are gﬁsgugggggﬂﬂgggggﬁgtgﬁgbenzenes fl uor obenzene, carbon

tetrachl o-
This invention relates to novel catalysts for the .

catalytic destruction of organic compounds contained in
wagste gas streams and to a process using these
catalysts.

Description of Related Ar

Presently, there is great concern about
contamination of the environment by hazardous volatile
organics originating in the manufacture of organic

' chemicals, cleaning and degreasing processes, and vent -
or exhaust air from air strippin§ of contaminated
groundwater or soil. Typically, thermal incineration
is used in the destruction of these materials but this
requires very high temperatures (1300°C) and special
equipment resulting in high capital and maintenance
costs. Carbon adsorption is an alternmative. However,
this process does not destroy the pollutants but merely
concentrates them. The pollutants must then be removed
and the carbon regenerated, a costly and tedious
_process.

Catalytic oxidation is an energy efficient and
economical way of destroying hazardous materials. It
operates at significantly lower temperatures and lower
residence times than thermal incineration and requires
smaller reactors made of less expensive materials.

Methods for the catalytic okidation of organic and
halogenated orgaﬁic compounqs are well known in the
art. For example, in the article by G.C. Bond and N.
Sadeghi, nCatalyzed Destruction of Chlorinated
Hydrocarbons" g;_;pg_ Chem. Blg;gghno .. 1975, 25,
241-248, it is reported that chlorinated hydrocarbons
are converted to HCl and CO, over platinum on gamma
alumina catalyst e e e et

Sheet Has Been Re’ilaced This. ls the re_placement shset%
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ride, chl oroform nethyl chloride, vinyl chloride, nethylene chloride,
ethyl' chloride; ethylene chloride, ethylidene dichlo- ride,
1,1,2-trichloroethane, 1,1,1-trichloroethane, nethyl brom de, ethylene

di bromi de, trichloroethylene, t etrachl oroet hyl ene, pol ychl ori nat ed
bi phenyl's, chlorotrifluoronmethane, dichlore@-fluoronethane, 1
- chl or obut ane, et hyl brom de, dichl orof | uor onet hane, chlorofprnlc aC|d

trichl oroacetic aci &dhd PaIERLHHRER TR THS 2R LdeBFring sthe
i nvention may Qieﬁfbu?&?itforgaéf %&aﬂqa%@&m ab)ﬂ%ﬁia@m@ﬁmt

ot hor or gan ¢ ARSI PRI My PRI s RRg s L Miles e,
Siogglh];: ) reré?gp: ezcetumj lﬁﬁifﬁiwﬁosgmwn%mﬁm& ,andespd59 o683
"at e, ani 1 ne ARRRE ANt 0 R EohSREpah hatiutiacd SaBHEN |
desi rabl e t hat ddmpqundstus&ngtmat&iys@alcmntimmxmm mn;benw%mor so that
~hal oaci ds are1¥ﬁﬂﬁ¥h1&h£bla¢§ﬂum and platlnum,_respectlvely, in the
presence of an oxidizing agent at a temperature of at
least 350°C. |

The article by James J. Spivy, "Complete Catalytic
70xidation of Volatile Organics," Ind. Eng. Chem. Res.,
1987, 26, 2165-2180, is a review of the literature
dealing with the heterogenous catalytic oxidation of
volatile organic compounds.

The article by S. Chatterjee and H. L. Greene,
"Oxidative Catalysis of Chlorinated Hydrocarbons by
Metal-Loaded Acid Catalysts," Journal of Catalysis,
130, 76-85 (1991?, reports on a:study of the catalytic
oxidation of methylene chloride in air using supported
zeolite catalysts H-Y, Cr-Y and Ce-Y.

U.Ss. Patenﬁ 4,983,366 describes a method for the
catalytic conversion of waste gases containing
hydrocarbons, haiogenated hydrocarbons and carbon
monoxide by paSSing the waste gases through a first
zone containing a catalyst such as aluminum oxide,
silicon dioxide; aluminum silicate and/or a zeolite
optionally contalnlng oxidic compounds of barium,
manganese, copper,,chromlum, manganese and nickel, and
then through a second zone contalnlng a catalyst such
as platinum and/or palladium or. platlnum and rhodium.

PCT 1nternat10nal appllcatlon No. PCT/U.S.

90/02386 descrlbes a catalytlc process for converting
or destroying organlc compounds 1nclud1ng organochalogen
compounds using a_catalyst whlcndcontalns as a
catalytic component titania andiﬁne preferred catalyst
also contains vénadium oxide, Eﬁngsten oxide, tin
oxide, and at least one noble metal selected from the

Sheet Has Béen Reﬂlaced i This is the .rgpmem'argt sme’gh_
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i nst ead of--wl-eeut-ar -hal-ogem—conpounds, e.g. Clerr]. It is desirable to
.produce hal gaci ds i nst de% mol ecul ar hal ogen conpounds for two reasons.
First an acl u T

S -much nore easily trapped and neutralized from
t he effluent han chlorine (C[err]) thereby reducing
corrosion pr

Vst ream process egyipnent Second, nmol ecul ar
hal ogen conpounds can attack the conponent of the catal yst much nDre
easily than hal oaci ds

Usual Iy the ga8F g??eﬁﬂﬁs&FFFnéoﬁF ﬁaggia&gtgaiéegﬁ%gf%%%P %é' strean1|s

of ten vent gaschanacaerledlpplnganftbenvanadmmnabadd@nomnm&makﬂr or soil
or cont ai ns COSQE&&'QHdPEBEﬂgigeEEEE‘EQ% G%QEgggﬁ§D&1%%ﬁ¥§§ RUEN

contai ning orgdnic Speci trea contaln
any water, it ha?aneaadded to the gas streamprior to con- tactlng t he gas

streamwith the catghyst. 13hgrHiNi BURLAEDYBE @hr¥akeksaedeGrceddials amount
whi ch wi glvgogntgexoxldatlve destructlon of halogenated organics
and other organic compounds which provide improved
activity and stebiiity.
 SUMMARY OF THE I ION

Thisg invention relates to a catalyst and process
for treating gas streams.

In one embodiment, this invention relates to a
catalyst for treating a gas stream containing compounds
selected from the group consisting of halogenated
organic compounds, other organio compounds and mixtures
thereof, said catalyst comprising vanadium oxide,
zirconium oxideeand at least one oxide selected from
the group consisting of manganese oxide, cerium oxide
and cobalt oxide. _

In another embodiment, this invention relates to a
process for treating a gas stream containing compounds
selected from the group consisting of halogenated
organic compounds, other organic compounds and mixtures
thereof, comprising contacting said gas stream at a
temperature of from about 175°C up to about 550°C with
a catalyst comprieing vanadium oXide, zirconium oxide
and at least one.oxide selected from the group
consisting of manganese oxide, cerium oxide and cobalt
oxide in the presence of an effective amount of oxygen
and water. .

DWSCRIPTION OF THE PREFERRED EMBODIMENT

As previously stated this 1nvent10n provides

catalysts and a process for using. sald catalysts to
treat gas streams containing halogenated organic and/or
other organic compounds.
The catalyst of this 1nvent10n compriges vanadium
oxide, 21rcon1um oxlde and at 1east one of manganese
This i e mptacem&nt she
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atomic ratio of 1:1 where His the total hydrogen atoms and X i's the total
shal ogen atons. An H X atomratio of about 6:1 - This SheetHasBeenRTlaced

oxide, cerium oxide or cobalt oxide. The catalyst may
also contain other components comprising one or more

-4-

platinum group metals, which as used herein are
platinum, palladiﬁ@ and rhodium, and/or one or more
oxides of tungeten and tin.

When reference is made herein to a metal oxide(s)
or oxides(s) Qf atmetal, it is intended to include all
oxide forms of suth-metal and mixtures thereof as well
as hydroxo-oxides, hydrous oxides and the like.

Typically, the.catalysts of this invention contain
from about 40 up to about 88 weight percent zirconium
oxide (as ZrOﬂ,_preferably from about 60 up to about 85
weight percent; and from about 3 up to about 48 weight
percent of one or more oxides of manganese, cerium or
cobalt, preferably about 10 up to about 30 weight
percent. :

The catalysts of this invention contain an amount
of vanadium oxide;effective to promote the
decomposition'of'halogenated organic compounds or other
organic compoundsl"It is desirabie that the vanadium
oxide be present in an amount from about 0.1 up to
about 20 weight percent in the oxide form (as V,05) of
the catalyst and_greferably from about 2 up to about 10
weight percent.

If the catalyst contains tungsten, it will
typically contain”ﬁp to about 20 weight percent in the
oxide form (WK&) and preferably from about 5 up to about
10 weight percent._

It is de51rable that the noble metal be present on
the catalyst in anqamount from about 0.01 to about 5
weight percent of the catalyst, and preferably from
about 0.1 to about 1.0 weight percent

Finally, if the catalyst conta1n° tin oxide, it is
desirable that tin oxide be present in an amount from
about 0.1 to about 2.0 weight peréeht in the oxide form
(Sno,) and preferably from about 0. 3 to about 1.0 weight
percent of the catalyst.

This is the replacement sheet
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or‘greater is preferred. Anot her met hod of providing the needed wat er

‘to a dry gas streamis to add a hydrocarbon or ot herhies 12§ Bee Replgpedind.
e.g., ethylene, propylene, nethanol, ethanol, acetong _ ket one,
etc. if these are not already in the waste gas streang im h \r e
conbust ed over the catalyst to carbon dioxide and water. of such

organi ¢ conpound is chosen so that the.rati® of total hydrogen from al
sources in the gas streamentering the catalyst'reactoi to total hal ogen

atons is at |east PP BHFREPFESL eppodtment, gheatakalxg8i dfonally, if the

gas stream doeshawdctoeized by a core material comprising zirconium
oxide and one or more oxides of manganese, cerium or
cobalt with vanadium oxide and such previously
discussed other components dispersed on this core
material. The other component is preferably a platinum
group metal. The preferred platinum group metal is
platinum. The other components that can also be
dispersed on the core material include oxides of
tungsten and tin. _

In this preferred embodiment, the core material
containing zirconium oxide and at least one oxide of
manganese, cerium or cobalt is fiist prepared, then
vanadium oxide and other components are dispersed
thereon.

Typically, the core material of this invention
contains up to about 90 weight percent zirconium oxide
(2r0,) , preferably from about 50 up to about 80 weight
percent.

In the case of a core material comprising
manganese oxide and zirconium oxide, it is desirable
that manganese be present in the core material in an
amount up to about 50 weight percent (as Mn,0,);
typically, containing at least about 10 weight percent
manganese oxide and preferably from about 15 up to
about 35 weight percent. ?

In the case of a core material comprising cerium
oxide and zirconium oxide, it is desirable that cerium
oxide be present in the core material in an amount up
to 50 weight percent (as CeQ,); typically, containing at
least about 14 weight percent cerium oxide, and
preferably from about 15 up to about 25 weight percent.

In the case of a core materi@l comprising cobalt
oxide and zirconium oxide, it is desirable that cobalt
oxide be present in the core material in an amount up
to 50 weight percent as Co,0,; typically, containing at

This is the replacement sheet
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tain oxygen (air), it nust be added to carry out the conbusti _

n. ny

_gas streans already contain enough oxygen (O[err]) to" 5 Rﬂl‘ggh

pol lutants, and nobst gas streanms contain a | arge exces H a:

| arge excess of oxygen greatly facilitates the oxidati n the

event that the gas stream does not contaig.enough oxygen, oxygen,

preferably as air, may be injected into the gas streamprior to contact

with the catpeyst. 10heeightmpeireenit)t prleferaide \Eilonh albdit 1S mpesent in

t he gas stregg1£§-ége stoh%hlonetric anount necessary to convert the carbon
RUthd= cBhps

and hydrogen d?e§F8§§nt to carbon di oxi de and water. For
conveni ence and tThensore makertihd owydde eombdaed ertdoethar conpl eti on,

It 1S desiragheelhalA8uehCass HihaRtiI el BANNLARENLI A dcd Rl Y, 11 1S
preferable that at [east two tines the stolichionmetric anmount and nost
preferably afomREBEnEByeuchnBs tREaZES cRLhomsly i& Ao RReIFTI®Y gen be
present in tPRa¥aEieafids $k'@BFent from the catalyst of this

invention. The core material may be prepared by means

well known to those of ordinary skill in the art and

include physical mixtures, cogellation, coprecipitation

or impregnation. The preferred techniques for
preparing the core material of this invention are
cogellation and coprecipitation. For further details
of these methods see U.S. Patent 4,085,193 which is
incorporated by reference for its teaching of
technigues for coprecipitation and cogellation.
Impregnation may be used in a manner analogous to the
methods discussed with regard to dispersing wvanadium
oxide and other components on the core material.

For example, a core material of zirconium oxide
and manganese oxide may be prepared by mixing agqueous
solutions of a suitable zirconium oxide precursor such
as zirconium oxynitrate, zirconium acetate, zirconium
oxychloride, or zirconium oxysulfate and a suitable
manganese oxide precursor such as manganese nitrate,
manganese acetate; manganese dichloride or manganese
dibromide, adding:a sufficient amount of a base such as
ammonium hydroxide to obtain a pH of 8-9, filtering the
resulting precipitate, washing with water, drying at
120-150°C and then calcining at 450-500°C.

A similar proceduré employing a soluble cerium or 0
cobalt compound such as cerium nitrate, cerium acetate,
cerium sulfate or cerium chloride, cobalt nitrate,
cobalt chloride or cobalt bromide may be used if a core
material comprising zirconium oxide and oxides of ceria
or cobalt is desired.

It is desirable that the core material and the
catalyst of this igventicn have a surface area of from
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The flow rate of e_gas. streamover the catalyst is not critical since the
-contact tine requity f' geen R °Fhe pollut- ants is very short. Therefore,
t he vol une hourly'i' ﬂ§ ! | |1 L(VHSV) can vary substantially from about
1.000 to about 100,/KEEIIERIENEIH IBANd preferably from about 5,000 to about
15,000 hr[err] based on gas rates calculated at standard tenper- ature
and pressure. The VHSV can be controlled by adjusting the size of the

catal yst bed. aboutThe RFLfESS odthi 375 WERYE,| Yirdfer@AIG, HRbm Galthe: t O
processes wherein Ilagl or'anohaIQ?en conpounds and organi ¢ conpounds are
vapori zed and1fiPxeg ﬁbe?ggéﬁp M/9s also be understood that the process
of the present idnvens} Oanb,ﬁ.iﬁﬁlt-- o&&ﬂ%ﬁ?mﬁ @hd hftrféé:ncrﬁ%gaiém adad he
organi ¢ conpounds,.and/ or .t he.organohal ogen conpgunds. us, st reans
with a very vPUcItEREEREFACRER ERRGEOHF POt SY MES (et JHF t he

i nstant process. the afhe caftél peth whnadinm,nasd ione ar mareg attiewe and
stable. For exgppbfientdPQial QE¥ited! d3kd MG He Al dNilea
simultaneocusly pf sequentially in any order.
Impregnation'isfthe-preferred method. Impregnation may
be carried out”by.techniques well known to those of
ordinary skill in the art. | ‘

For example, one may wish to disperse wvanadium
oxide in combination with other components onto the
core material.-leﬁe way to disperse these components is
to impregnate co:é_material in particulate or powder
form (for exampleaspheres, tablets, extrudates or
powder as represehtative examples of shapes of core
material) with a solution containing a vanadium
compound and/or compounds of the qther components. The
solution may béfaﬁ aqueous solution, one using an
organic solventfbt a mixture of the two, with an
agqueous so;utidnﬁﬁeihg preferred. The criteria used in
selecting the gé@pgunds are that the compounds be
soluble in the'deéiréd solvent and that the compounds
can be converted to the appropriate oxide by heating at
elevated temperqtﬁres or by chemical reactions. |
Illustrative of these compounds are the halides of
vanadium, tungst n; and tin; oxya¢ids, oxyacid salts

and oxysalts 0 ”m%'adium, tungsteﬁjand tin. Specific
examples are_ﬁﬁhééten_dioxydichlo%"de, tin bromide, tin
chloride, tung?tidiagid, ammoniumfparatungstate,
ammonium meta tungstéte, vanadiumﬁgxychloride, vanadium
oxydichloride,'vanadic acid, cobaltic acid, vanadyl
sulfate, tin acetate, tin nitrate;;tin chloride and
ammonium meta vanadate. Ammonium?ﬁeta tunstate,
ammonium meta vanadate and tin chfsride are the
preferred compégpés.
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consisting of a monolithic cordierite honeyconb cargi.ef ated with
.manganese oxi de and zirconia on which vanadia is di SRR - 99%
trichloroethylene in a test streamat 450[err]C and M at l-east
1200 hours. Once the gas stream has been contact | tal yst

and the pollutants destroyed, the catalyﬁﬁ_treated gas stream may be
further treated. if desired, to renove the hal ogen acid and any hal ogens

whi ch are fornmed fhgi9&%%Q§n£ef%§[i#gﬂhﬁrg££§§c%fgéegxaﬂpbngébe cat al yst

treated gas strearni na asse a scrubber to absqrb the_acid. The
scrubber maywitintthe mebdleccenpeundssq HFhﬁﬁomaﬁnhﬁnFﬁﬁFﬁﬁar8¥&dénmhich

gﬁgt L:: : zes wdfs 3x§r 15 pROwsOLN-the! AZes tbgehabagensens hashedhypohalites

O cour se. | iHeSRLASANPPESCaFE TRESFEE bruBPRECFFIREFRGERIS Fhdent  on s

modi fi cati onggdntibes pxinpbes bytarygi eeapoeaperi whichi it parrdadillyy apparent

to those of f&géggég fglélﬁeégiﬁgebath. The impregnating solution
which contains an amount of the desired metal compound
to provide the desired concentration of oxide or metal .
in the finished catalyst is now added to the core
material and the mixture cold rolled (no heat) for a
time from about 10 to 60 minutes. Next, heat is
applied and the solvent is evaporated. This usually
takes from about 1 to about 4 hours. Finally, the
solid is removed from the rotary evaporator and
calcined in air at a temperature of about 400°C-600°C
for about 1 to 3 hours. If both vanadium and one or
more other components are desired, they may be
impregnated simultaneously or sequentially in any
order.

Alternatively, the core material in powder form is

placed into a planetary mixer and the impregnating
solution is added under continuous agitation until a
state of incipient wetness is achieved. The powder is
then dried in an oven for 4-8 hours and calcined from
about 400°C-600°C for 1-3 hours. '

Other methods of dispersing these oxides onto core
material are coprecipitation or cogellation.

If a platinum group metal component is desired on
the catalyst, it may be dispersed onto the core
material before or after the addition of vanadium oxide
or the other componernts to the core material by
impregnating the material with a solution containing a
compound of the desired platinum group metal(s). The
solution may be an aqgueous or non-aqueous (organic
solvent) solution. Any platinum group metal compound
may be used provided the compound is soluble in the
chosen solvent and decomposes to the metal upon heating
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art Exanple 1 A mxture o 20% sol ution of zirconyl oxynitrate (790
g) and a 50% mang be ution (100g) is prepared. A 7M sol ution
of amoni um hydr ox}. lH o this mxture with constant stirring to

obtain a pH of 3.5IHR tion. One liter of water is added to the
gel and the gel is broken by stirring with-a |large spatula. A 7M ammoni um
hydr oxi de solution is added to obtain a pH of 8-9. This mxture is then
filtered andiwnashedali el emitied deaiperatairesthe Fldgtraiyevetrtheseri ed at

gggg err Lict gtvg,ga;gggé@@%%eam@lc b AP U S S Bpiaei foEr scig, yiel d a
ammonium chloroplatinate, hydroxy disulfite,
bromoplatinic acid, platinum tetrachloride hydrate,
platinum dichlorocarbonyl dichloride, dinitrodiamino
platinum, amine solubilized platinum hydroxide, rhodium
trichloride, hexaamminerhodium chloride, rhodium
carbonylchloride, rhodium trichloride hydrate, rhodium
nitrate, rhodium acetate, chloropalladic acid,
palladium chloride, palladium nitrate,
diamminepalladium hydroxide and tetraamminepalladium
chloride. The impregnation procedure is analogous to
that used to disperse vanadium oxide and other
components. |

The catalyst of the instant invention may be used
in any configuration, shape or size which exposes it to
the gas to be treated. For example, the catalyst can
be conveniently employed in particulate form or the
catalyst can be deposited onto a solid monolithic
carrier. When the particulate form is desired, the
catalyst can be formed into shapes such as tablets,
pellets, granules, rings, spheres, etc. The
particulate form is especially desirable where large
volumes of catalysts are needed, and for use in
circumstances in which frequent replacement of the
catalyst may be desired. In circumstances in which
less mass is desirable or in which movement or
agitation of particles of catalyst may result in
attrition, dusting and resulting loss of dispersed
metals or oxides or undue increase in pressure drop
across the particles due to high gas flows, a
monolithic form is preferred.

In the employment of a monolithic form, it is
usually most convenient to employ the catalyst as a
thin film or coating deposited on an inert carrier
material which provides the structural support for the
catalyst. The inert carrier material can be any
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nese oxi de/zirconia powder. Exanple 2 The ma s_ I d |rgon|a
.powder prepared in Exanple 1 (800g) is inpregnated ' ness
wi th 288g of an anmoni um neta vandate sol ution (11. 1ﬁ‘ : ﬁi‘ﬁlﬁ
resulting powder is dried at 120[err] C overni ght and

500[err] C for one hour to yield the de5|rq$ vanadlun1OX|de on nanganese
oxi de/ zirconi a catal yst The resul tant catalyst powder contains 4.0%

vanadi um oxi d‘f‘efﬁa?: &.F,ynﬁfterxlygg RRUGE L d & agﬁq{q% Redpcisg 40g of the

pow der in a ba of water for 12 hours. To
this slurry | Pa5@géalan aIIGm%d%@d-lﬁ&i-eS RS %I‘iﬁf‘?’iﬂ-er material

be unreactive with the catalytic components and not be
degraded by the gas to which it is exposed. Examples
of suitable ceramic materials include sillimanite,

petalite, cordierite, mullite, zircon, zircon mullite,
spodumene, alumina-titanate, etc. Additicnally,
metallic materials which are within the scope of this
invention include metals and alloys as disclosed in
U.S. Patent No. 3,920,583 (incorporated herein by
reference) which are oxidation resistant and are
otherwise capable_of withstanding high temperatures.
For the treatment of gases containing halocarbons,
ceramic materials are preferred.

The mondlithic carrier material can best be
utilized in any rigid unitary configuration which
proﬁides a plurélity of pores or channels extending in
the direction of gas flow. It is preferred that the
configuration be a-honeycomb configuration. The
honeycomb strﬁttufe can be used advantageously in
either unitary form, or as an arrangement of multiple
modules. Thé hoﬁéycomb structure is usually oriented
such that gas fldw is generally in the same direction
as the cells or channels of the honeycomb structure.
For a more detailed discussion of monolithic
structures, refer:to U.S. patent 3,785,998 and U.S.
patent 3,767,45343which are incorporated herein by
reference. | :

If particulate form is desired, the catalyst can
be formed into granules, spheres or extrudates by means !
well known in the industry. For example, the catalyst
powder can be combined with a binder such as a clay and
rolled in a disk pglletiéing apparatus to give catalyét
spheres. The amount of binder can vary considerably
but for convenience is present from about 10 to about
30 weight percent.
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(48% solids) in sufficient quantity to produce a nifoFé”EéﬁFéTﬁTﬁﬁ“B?@be
t'he vanadi a/ manganese oxi de/zirconia slurry and 18% ofmxstggeeaﬂ{dglgb@a{e deury

A cylindrical shaped nonolith cordierite honeyconb havil

2.54 cm (1 inch), a length of 7.62 cm (3 |nches) and 40 E uare
inch is dipped into the above-descri bed sl ur After excess
slurry is blown out with an air gun and thelhoneyconb |s drled at 120[err]C

for one hour and cairel BegoRio1308lier iekizn Us AIHUY A (o, T RORI e | S

repeated until the nonol 1 th has a_catal yst,

(1.5g/in[err]) PPl&P”F&tﬂ€§tFﬁ& bendepasiitpd itépfhe) R thicut into
one inch | ong pbaegsonld calrsidirakyt eonveaitdrthalo mbalih C MK Gestaiipldly

grlndlng a slurry can be prepared by means known in the art such
as combining ‘the appropriate amounts of the catalyst of
this invention in powder form, with water. The
resultant slurry is ball-milled for about 8 to 18 hours
to form a usable slurry. Other types of mills such as
impact mills can be used to reduce the milling time to
about 1-4 hours. This slurry can now be used to
deposit a thin film or coating of catalyst of this
invention onto the monolithic carrier by means well
known in the art. Optionally, an adhesion aid such as
alumina, silica, zirconium silicate, aluminum silicates
or zirconium agetate can be added in the form of an
agueous slurry or solution. A common method involves
dipping  the monolithic carrier into said slurry,
blowing out the excess slurry, drying and calcining in
air at a temperature of about 450°C to about 600°C for
about 1 to about 4 hours. This procedure can be
repeated until the desired amount of catalyst of this
invention is deposited on said monolithic honeycomb
carrier. It is desirable that the catalyst of this
invention be present on the monolithic carrier in an
amount in the range of about 1-4g of catalet per in® of
carrier volume and preferably from about 1.5 - 3g/in’.
An alternative method of preparation is to
disperse vanadium oxide and such bther optional
components on a.core material coated monolithic carrier
which has been coated with only" core material by the
above procedure. The compounds:whlch can be used and
the methods of dispersion are tﬁe same as described
above. After one cr rore of these compounds have been
dispersed onto the core materlal coated carrier, the
catalyst is dried and calcined at_a temperature of
about 400°C to about 600°C for a time of about 1 to 6
hours. If both vanadium and such other components are
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desired, they'ma?:be impregnated simultaneously or

-12-

individually in'any order.

If a platlnum group metal component is desired on
the catalyst, one or more may be dispersed onto a core
material coated monollth in an analogous way to that
previously descrlbed. That is, the monolithic
honeycomb carrler ‘which has dispersed thereon core
material and_other optional components can be dipped
into an aqueous solution containing a soluble and
decomposable noble metal compound, dried and calcined
at a temperature of 400 to 500°C for about 1 to about 5
hours. Any decomposable platinum group metal compound
as enumerated#above may be used. The concentration of
the platlnum group metals are aleo as stated above.
Although the platlnum group metal (s) may be impregnated
before the vanadium and other components, it is
preferred that”they'be impregnated after the vanadium
and other components. ,

Another embodiment of this 1nventlon is a
process for destroylng or convertlng by oxidation
and/or.hydroquiexhalogenated orgenic compounds (also
referred to héfein as organohalogen compounds) and
other organic. compounds present in a gas stream
comprising contactlng the gas stream at a temperature
of about 175°C_to about 550°C and preferably at a
temperature offabout 250°C to about 475°C with the
catalyst described heretofore. The organochalogen
compounds whlch may be treated are any organic

compounds wh#c ontaln at least one halogen atom in
the structure- o_qthe compounds. Some specific examples
are chlorobenzene, dlchlorobenzenes, fluorobenzene,
carbon tetrachlorlde, chloroformq methyl chloride,
vinyl chloride, methylene chlorlde, ethyl chloride,
ethylene chloride, ethylidene dichloride, 1,1,2-
trichloroethane, 1,1,1-trichloroehhane, methyl bromide,
ethylene dibromige, trichloroethylene,
tetrachloroethyléne, polychlorinated biphenyls,
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The vanadi um oxi de/ manganese oxi de/ zi rconi a catalyst Ehe ared N Ex q&le 2

ts inpregnated with 41.1g of. an aque- ous ani ne-sol ub
hydroxide (Herr]Pt(OH[err]) solution (15.1% Pt) and: § The
powder is then dried at 120{err]C overni ght and cal cindgi : for
one hour. A cordierite honeyconb of the sizgzand shape described in Exanpl e
2 is coated in the sanme way as the catal yst described in Exanple 2.

Exanpl e 4 chlorotrifluoromethane, .dichlorodifluoromethane, 1-
chlorobutane, ethyl bromide, dichlorofluoromethane,
chloroformic acid, trichloroacetic acid and
trifluoroacetic acid. The process of this invention

may also treat a gas stream which contains other
organic compounds which do not contain any halogens in
their structure. These other organic compounds include
hydrocarbons, oiygenates, aminés, etc. Specific
examples indlgdé benzene, toluene, xylenes, phenol,
ethyl alcoholﬁ methyl acetate, methyl formate isopropyl
amine, butyl phthalate, aniline, formaldehyde, methyl
ethyl ketone,:acetone, etc.

It is also desirable that the gas stream to be
treated contain_Water vapor so.that haloacids are
formed, e.g., HCl, instead of molecular halogen
compounds, e.g., Cl,. It is desirable to produce
haloacids instead of molecular halogen compounds for
two reasons. First, an acid such as HCl is much more
easily trapped and neutralized from the effluent gas
stream than chlorine (Cl,) thereby reducing corrosion
problems in_dqustream process equipment. Second,
molecular halbgen compounds can attack the components
of the catalystfmuch more easily than haloacids,
thereby decreasing the life of the catalyst.

Usually the gas streams will contain adequate
water since=tﬁéf§as stream is often vent gas from air
stripping oﬁﬁtontaminated ground water or soil or
contains compgstion products from the hydrocarbon or
other hydrogéﬁgépntaining organit species. However, if
the gas streaﬁ_éoes not contain any water, it may be
added to the gas stream prior to contacting the gas
stream with the:catalyst. The ﬁinimum amount of water
needed is that amount which will;give an H:X atomic
ratio of 1:1 where H is the total hydrogen atoms and X
is the total halogen atoms. An H:X atom ratio of about
6:1 or greatér is preferred.
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A.vanadiun1ox &S je ¢dde/ zi rconi a powder is prepared in the sane
manner as the.\; se/zirco- nia catalyst described in Exanple 2
enpl oyi ng 800g’ ] (20% Ced err]) inpregnated with 288g of an

11. 1% of aqueous ammoni um net a vanadiunﬁgﬁjution. The powder of this
exanple is applied to the honeyconb wit t the alu- mna adhesion aid.

Exanple 5 A m Xt&&ﬂéramée%gio DR D1 185 T CO0VL QHNA IhBbE £4°90) 2 0%

sol ution of manganese nitrate (1 an . 3 o] _
dry gas stream is to add a hYdrocaéLon or other organic
compound, e.g., ethylene, propylené, methanol, ethanol,
acetone, methyl ethyl ketone, etc.fif these are not
already in the waste gas streams.which then are
combusted over the catalyst to carbon dioxide and
water. The amount of such organic compound is chosen
so that the ratio of total hydrogen from all sources in
the gas stream entering the catalyst reactor to total
halogen atoms is at least 1:1 and preferably 6:1 or
greater. Additionally, if the gaséstream does not
contain oxygen (air), it must be added to carry out the
combustion.

Many gas streams already contain enough oxygen (O,)
to oxidize all the pollutants, and most gas streams
contain a large excess. In general, a large excess of
oxygen greatly facilitates the oxidation reaction. 1In
the event that the gas stream does not contain enough
oxygen, oxygen, preferably as air, may be injected into
the gas stream prior to contact with the catalyst. The
minimum amount of oxygen which must be present in the
gas stream is the stoichiometric amount necessary to
convert the carbon and hydrogen in-the compounds
present to carbon dioxide and water. For convenience
and to insure that the oxidation reaction goes to
completion, it is desirable that an excess of oxygen be
present. Accordingly, it is prefeféble that at least
two times the stoichiometric amoun§ and most preferably
at least five times the stoichiomeﬁtic amount of oxygen
be present in the waste gas streamf | _

The flow rate of the gas streém over the catalyst
is not critical since the contact Eime required to
destroy the pollutants is very short. Therefore, the
volume hourly space velocity (VHSV) can vary
substantially from about 1,000 to éhbut 100,000 hr.
and preferably from about 5,000 to about 15,000 hr.?
based on gas rates calculated at sﬁ?ndard temperature
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cobalt nitrate is prepared. A 7M sol ution of anmoni um hydroxidée is added to
- this mxture with constant stirring to obtain a pH of 3This&lret HaeBeen Replaced

formation. One liter of water is added to the gel and the m ﬁmm by
al | ona

stirring with a spatula. A 7M anmoni um hydr oxi de sol uti onf
obtain a pH of 8-9. This mxture is f"E?é?d and washed Wi

water. The resulting powder is dried at O[err] C overnight and then

cal cined at 30y %ﬁ%é@r tHRe NeMES &QnThglgoh§gogf§Hr g 5888kt ing
OX|de/nanganese 0XI1 zirconta powd 'S po S |npregnated
with 14g of the #RDRE sHheitcaFRrbYSaeRt um neta vanadate (8% dil uted
further with 260 THe ﬁsa?od@é@rof THei s esir-éhBYoRO0MECA1 BS dop&dcabléSO[err] C

overnight and then cal cined at, 500[ert]C for e, hour. The re lta

cat al yst poﬁ&ér?ﬁﬁﬁ%ﬁ?ﬁ gh%ﬁ%%%ﬁ%%?ﬁﬁ&o?Fﬁ%n?EfePQFE[89 Hgle 6
organic compounds are vaporized and mixed w1th oxygen.
It is also be understood that the process of the
present invention is not dependentfon the concentration
of the organic compounds and/or the organochalogen
compounds. Thus, gas streams with a very wide
concentration range of pollutants can be treated by the
instant process.

The catalysts of this invention are very active
and stable. For example, laboratory test data shows
that a catalyst consistiﬂg of a monolithic cordierite
honeycomb carrier coated with manganese oxide and
zirconia on which vanadia is dispersed destroyed 99%
trichloroethylene in a test stream at 450°C and 7500

~VHSV for at least 1200 hours. | :

Once the gas stream has been contacted with the
catalyst and the pollutants destroyed, the catalyst
treated gas stream may be further treated, if desired,
to remove the halogeﬁ acid and any halogens which are
formed during the conversion process. For example, the

catalyst treated gas stream may be passed through a
scrubber to absorb the acid. The scrubber may contain
a base such as sodium or ammonium hydroxide which
neutralizes the acids and solublllzes the halogens as
basic hypohalites and halides. _

This 1nventlon51s exempllfled 1n the following
examples. Of course, these examples are not intended
as limiting this invention as modlf;gatlon of the
examples by ordinary expedient will?ﬁe readily apparent
to those of ordinary skills in the'egt.

A mixture of a 20% solution ofﬂéirconyl oxynitrate
(790 g) and a 50% manganese nitrate solutlon (100g) is
prepared. A 7™M solutlon of ammonlum hydroxide is added
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A test generall used to eval uate catal yst efficiency for the destruction,
of hal ogenat ed- Banagxﬁher :0rgani ¢ com pounds uses a quartz tube
reactor with aj“f P4 cn1(1 i nch) placed inside a Lindberg
furnace Thé gasq qed fromthe top of the tube and fl ow downward
over the catalyst Cata yst on ‘a honeyconb:mnn- olith having a 2.22 cm (7/8
inch) diameter and 2.54 cm (1 inech) length is placed in the mddle of the
tube and the desthiist maxtaieowdahi cwmmmmm tentahitaskn & R al uat ed.
The catal yst L 5est sglﬁabe&e%emw o [ 30U Nd derorBel (Rlid 145 laudpl er r] C

The concentra Ion of e~or gani ¢ conmpound I s 10 ppmin ai ont ai ni ng
1.5% wat er an80t ﬁbevgﬁﬁnénﬁoﬁhleyg§ﬁaé§ REn }’lﬂ §t?-5?3@-n36\"ﬁ’5f§l' Farbon

anal yzer (Fl Dlaﬁ?easﬁaﬁuibf ONRt o8 aﬂﬁxdrﬁ.mts&ii(dﬁbﬁnﬁ ol ddiomuis et gas.
The conversion e f|C|en%¥ IS calcul t%F VRl ous, te eratq{es usi ng
equation 1. added to obtain : PH O is mixture 1s

filtered and- washed with additional water. The

resulting powder is dried at 120°C overnight and then

calcined at 500°C for two hours to yield a
coprecipitated manganese oxide/zifconia powder.
. Example 2 .

The manganese oxide/zirconia powder prepared in
Example 1 (aoogyiis impregnated to incipient wetness
with 288g of an ammonium meta vandate solution (11.1%
in water). The resulting powder is dried at 120°C
overnight and then calcined at 500°C for one hour to
yield the desired'vanadiqm oxide on manganese
oxide/zirconia catalyst. The resultant catalyst powder
contains 4.0% vanadium oxide. A slurry of this powder
is prepared by placing 40g of the powder in a ball mill
with 100g of water and milling for 12 hours. To this
slurry is added an alumina (Condea SBA-150) slurry (48%
solids) in suffiéient quantity to produce a mixture
containing 82% of the vanadia/manganese oxide/zirconia
slurry and 18% of the alumina slurry. A cylindrical
shaped monolithICQrdierite honeycomb having a diameter
of 1 inch, a Iength of 3 inches and 400 cells per
square inch 1s d‘_ped into the above described slurry.
he.excess slurry 1s blown out with an

After dipping
air gun and the queycomb is drled at 120°C for omne
hour and calcined-at 500°C for one hour. This

procedure is repeé;ed until the mpnolith has a catalyst
loading of 1.5g/in®. Prior to teeting, the catalyst
prepared above is cut into one inch long pieces and its
diameter reduced to 7/8 in. by grlndlng.

ample 3.°
The vanadium oxlde/manganese oxlde/21rcon1a catalyst
prepared in ExampL; 2 is impregnated with 41.1g of an
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% conver si on ‘= [([err]- (err])/Cerr]x 100
(1) where Cerr] is the inlet concentration of the organi cThisGiRoHABeénRBBeed
converted and CJerr] is the outlet concentration. The result

foregoing-test are shown in the follow ng table to exenpl lfy mg”mmu”,i !,
destruction of hal ogenat ed organi cs and ot her organics using
of this invention. -17-

aqueous amine-solubilized platinum hydroxide (HyPt(OH)g)
solution (15.1% Pt) and 69.7g of water. The powder is
then dried at 120°C overnight and calcined at 500°C for
one hour. A cordierite honeycomb of the size and shape
described in Example 2 is coated_in_the same way as the
catalyst described in Example 2.

- Example 4
A vanadium oxide on cerium oxide/zirconia powder is
prepared in the same manner as the
vanadia/manganese/zirconia catalyst described in
Example 2 empleying 800g ceria/zifconia (20% CeO3)
impregnated with°288g of an 11.1% of aqueous ammonium
meta vanadium solution. The powder of this example is
épplied to the honeycomb without: the alumina adhesion
aid. -

Example 5

A mixture of a 20% solution of zirconyl oxynitrate
(790g), a 50% solution of manganese nitrate (100g) and
81.32g of cobalt nitrate is prepared. A 7M solution of
ammonium hydroxide is added to this mixture with
constant stirring to obtain a pH'ef 3.5 and gel
formation. One liter of water is added to the gel and
the gel is broken by stirring with a spatula. A 7M
ammonium hydroxide solution is added to obtain a pH of
8~9. This mixture is filtered and washed with
additional water}_ The resulting powder is dried at
120°C overnighu nd then ca1c1ned at 500°C for two
hours to yleld the desired cobalt. oxlde/manganese
ox1de/21rcon1a powder. This powder (100g) is

impregnated with l4g of an aqueous solution of ammonium
meta vanadate (8%) diluted furthef.with 260 ml. of "
water. The resultlng powder is drled at 150°C
overnight and then calcined at 500 'C for one hour. The
resultant catalyst powder contalqs 4.0% vanadium oxide.

(V205) .
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Example 6
A test generally used to evaluate catalyst efficiency

for the destruction of halogenated organics and other
organic compounds uses a quartz tube reactor with a
diameter of 1 iﬁch placed inside a Lindberg furnace.
The gases are_ihtroduced from the top of the tube and
flow downward over the catalyst. Catalyst on a
honeycomb monolith having a 7/8 inch diameter and 1
inch length is placed in the middle of the tube and the
destruction of organic compounds by the catalyst is
evaluated. The catalyst is tested at temperatures
ranging from 175°C to 450°C. The concentration of the
organic compound is 1000 ppm in air containing 1.5%
water and the volume hourly space velocity is 7500. A
hydrocarbon analyzer (FID) or a gas chromatograph is
used to analyze the outlet gas. The conversion

- efficiency is calculated at various temperatures using

equation 1.

% conversion = [(Cin~ Cout)/Ci¥]100 (1)
where Cjinpis the inlet concentration of the organic
compound to be:éonverted and Cgouiis the outlet
concentration.
The results of the foregoing test are shown in the
following table to exemplify the destruction of
halogenated orgénics and other organics using the
catalysts of this invention.
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Cafalyst Organi c Tenperature Conversion Conmpound Ex.

2 TCE 375[err] C 50% Ex. 2 TCE
425 err] C 90% Ex. 2 TCE 450[err] C 99%
Ex. 3 TCE 375[err]C 50% Ex. 3 TCE
425[err] C 90% Ex. 3 TCE 450[err] C 99%
Ex 4 TCE 375[err] C 50%
-19-
TABLE I
Organic
Catalyst Compound Temperature Conversion
Ex. 2 TCE 375°C 50%
BEx. 2 TCE 425°C 90%
Ex. 2 . TCE 450°C 99%
Ex. 3 TCE 375°C 50%
Ex. 3 TCE 425°C 90%
Ex. 3 TCE 450°C 99%
J Ex. 4 TCE 375°C 50%
Ex. 4 TCE 425°C 90%
Ex. 4 TCE 45Q0°C 90%
Ex. 2 Toluene 320°C 50%
Ex. 2 Toluene 345°C 90%
.} Bx. 2 Toluene 350°C 99%
Ex. 3 Toluene 199°C 90%
Ex. 3 Toluene 225°C a9%
Ex. 2 MC 375°C 50%
Ix. 2 MC 400°C 90%
Ex. 2 MC 450°C 99%
Ex. 4 MC 375°C 50%
Ex. 4 MC 425°C 90%
Ex. 4 MC 450°C S9%
Ex. 2 TetraCE 375°C 50%
Ex. 2 TetraCE 425°C 90%
Ex. 2 ‘TetraCE 450°C 99%
Ex. 4 TetraCE 375°C 50%
Ex. 4 TetraCE 425°C 90%
Ex. 4 TetraCE 450°C 99%
Ex. 2 Chloro- 300°C 50%
benzene
Ex., 2 Chloro- 350°C 90%
benezene
Ex. 2 Chloro- 400¢°C 99%
.benzene
TCE = Trichloroethylene
MC = Methylene Chloride

Tetra CE = Tetrachloroethylene
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Ex. 4  TCE 425[err] C 90% Ex. 4  TCE

<450[rer] C 90% Ex. 2 Tol uene 320[err]C B 50% |
Ex. 2 Tol uene 345[err]C 90% éeuHmBeenRe laced
350[err]C 99% Ex 3 Tol uene - ' 199[err

Ex. 3 Tol uene 225[err] C -20-99% ,

375[err] C 50% Ex 2 MC _

WHAT IS CLAIMED IS:

1. A catalyst for treating a gas stream
containing compounds selected from the group consisting
of halogenated organic compounds; other organic
compounds and mixtures thereof,.aaid catalyst
comprising vanadium oxide, zircouium oxide and at least
one oxide selected from the group consisting of
manganese oxide, cerium oxide aud.cobalt oxide.

2. A catalyst according to claim 1 wherein said
catalyst is characterized by a core material comprising
zirconium oxide and one or moreaoxides of manganese,
.cerium or cobalt.

3. A catalyst according to Claim 2 wherein the
vanadium oxide is dispersed on the core material in an
amount from about 0.1 weight percent up to about 20
weight percent (as V,0;) of the catalyst.

4. A catalyst according tofplaim 2 wherein

- zirconium oxide is present in the core material in an
amount from about 50 weight percent up to about 90
weight percent (as Z,0,). )

5. A catalyst according to-claim 2 wherein
manganese oxide is present in the core material in an
amount from about 10 weight perceut up to about 50
weight percent (as Mn,0;) .

6. A catalyst according tofclaim 2 wherein said
core material consists essentially of zirconium oxide
and manganese oxide. )

7. A catalyst according to claim 1 wherein the
catalyst contains one or more platinum group metals in
an amount from about 0.01 up to about 5 welght percent
of the catalyst. i_

8. A catalyst according to ‘claim 1 wherein the
catalyst contains tungsten oxlde,_tln oxlde or mixtures
thereof. '

S. A catalyst according to clalm 8 wherein
tungsten oxide is present in an amount from about 5.01
up to about 20 weight percent (asfﬁmh) of the catalyst.
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375[err]C
375[err]C

375[err]C

450[err] C 99%  Ex. Zirmssmbé{fi{aslaeenR laced
50% Ex. 4 MC 425[er
450[err] C 99% ’m( IHHIII[]
50% Ex. 2 TetraCE 425[er
Tet raCE 450[err]C -21- 99% Ex 4 Tet raCE

50% Ex 4 Tet raCE 425[err] C 90%
10. A catalyst according to claim 2 wherein the

surface area of the core material is from about 25 m’/g
up to about 275 m¥/g. _

11. A catalyst for treating a gas stream
containing compounds selected from the group consisting
of halogenated organic compounds, other organic
compounds and mixtures thereof, said catalyst
comprising i) a core material consisting essentially of
zirconium oxide and manganese oxide; and ii) vanadium
oxide dispersed on said core material in an amount from
.about 0.1 weight percent up to about 20 weight percent
(as V,05) of the catalyst.

12. A catalyst according to claim 11 wherein one
or more platinum group metals are dispersed on the core
material in an amount from about 0.01 up to about 5
weight percent of the catalyst.

13.. A catalyst according to claim 11 wherein
tungsten oxide, tin oxide or mixtures thereof are
dispersed on the core material.

- 14. A process for treating a gas stream
contaihing compounds selected from the group consisting
of halogenated organic compounds, other organic
compounds and mixtures thereof, comprising contacting
said gas stream at a temperature of from about 175°C up
to about 550°C with a catalyst comprising vanadium
oxide, zirconium oxide and at least one oxide selected
from the group consisting of manganese oxide, cerium
oxide and cobalt.§xide in the presence of an effective
amount of oxygen and water.

15." A process according to claim 14 wherein said
catalyst is characterized by a core material comprising
zirconium oxide and one or more oxides of manganese,
cerium or cobalt.

16. A process according to claim 15 wherein the
vanadium oxide is dispersed on .the core material in an
amount from about 0.1 weight percent up to about 20
weight percent (as V,0;) of the catalyst.

|:|!||||c||u||j||_,|,!n|ILl.-|—|_—I!i| |
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17. A process according to claim 15 wherein the
zirconium oxide is present in the core material in an
amount from 50 weight percent up to about 90 weight
percent (as 2Zx0,). .

18. A process according to claim 15 wherein the
amount of manganese oxide preseﬁt:in the core material
is from about 10 weight percent up to about 50 weight
percent (as Mn,0,).

19. A process according to claim 14 wherein the
catalyst contains one or more platinum group metals
dispersed on said core material in an amount from about
0.01 up to about 5 weight percent of the catalyst.

20. A process according to claim 14 wherein the
catalyst contains tungsten oxide, tin oxide or mixtures
thereof.

21. A catalyst according to claim 20 wherein
tungsten oxide is present in an amount from about £ up
to about 20 weight percent (as WO;) of the catalyst.

22. A catalyst according to claim 15 wherein the
surface area of the core material is_from about 25 m’/g
up to about 275 m?/g.

23. A process for treating a gas stream
containing compounds selected from the group consisting
of halogenated organic compounds, other organic
compounds and mixtures thereof, comprising contacting
said gas stream at a temperature df from about 175°C up
to about 550°C with a catalyst comprising i) a core
material consisting essentlally of zirconium oxide and
manganese oxide; and 11) vanadium oxlde dispersed on
said core material in an amount from about 0.1 weight
percent up to about 20 weight percent (as V,05) of the
catalyst.

24. A process according to claim 23 wherein said
catalyst contains one or more platinum group metals
dispersed on the core material in an amount from about
0.01 up to about 5 weight percent of the catalyst. i

T This is the np!acemm sheet
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25. A process according to claim 24 wherein the
platinum group metal is platinum.

26. A process according to claim 24 wherein
tungsten oxide, tin oxide or mixtures thereof are
" dispersed on the core material.
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Claims 1. A catalyst for treating a gas stream containing conpounds

"sel ected fromthe group consisting of hal ogenated or gani ¢ conpounds,

ot her organi c conmpounds and m xtures thereof said catalyst conprising
vanadi um oxi de, at | east 40 wei ght percent zirconium oxide and at | east

one oxi de selected fromthe group cons24ttng of nanganese oxi de, cerium
oxi de and cobalt oxi de.

CATALYTIC INCINERATION OF ORGANIC COMPOUNDS
ABSTRACT

A catalyst is disclosed for treating gas streams
containing organic compounds such as halogenated organic
compounds. The catalyst is comprised of vanadium oxide,
zirconium oxide and at least one oxide of manganese, cerium
or cobalt. Also disclosed is a process for treating gas
streams using such catalysts.
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2. Atcatal yst according to claim1 wherein said catalyst is characterized
by a core material consisting essentially of zi rconi um oxi de and one
or nore oxi des of nmanganese, cerium or cobalt. 3. A catalyst according to

claim2 wherein the vanadi um oxide is dr.spersed on the core material in an
anmount from 0.1 we an: <
Mlerr]O[err]) of the ca{:%g?% CIEEE’E@Q @l§gta@5§-§é at
3 wher ei NpgdchgeAi um oxde is present in the core e
50 wei ght percent up to 90 wei ght percent (as qu

ACKGRQUND OF THE INVENT

J i
S

igl Inventi

U 11} LA

This invention relates to novel catalysts for the catalytic destruction ol organic compounds contained in waste gas
sireams and to a process using these catalysts.

Description of Related Art

Presently, there is great concern about contamination of the environment by hazardous volatile organics originating
in the manufacture of organic chemicals, cleaning and degreasing processes, and vent or exhaust air from air stripping
of contaminated groundwater or soil. Typically, thermal incineration is used in the destruction of these materials but this
retires very high temperatures (1300°C) and special equipment resulting in high capital and maintenance costs. Carbon
adsorption is an alternative. However, this process does not destroy 1 pollutants but merely concentrates them. The
pollutants must then be removed and the carbon regenerated, a costly ‘and tedious process.

Catalytic oxidation is an energy efficient and economical way of destroymg hazardous materials. it operates at sig-
nificantly lower temperatures and lower residence times than thermal’ rncmerahon and retires smaller reactors made of
less expensive materials.

Methods for the catalytic oxidation of organic and halogenated orgariic compounds are well known in the art. For
example, in the article by G.C. Bond and N. Sadeghi, "Catalyzed Destruction of Chlorinated Hydrocarbons” JJ. Apgl.
Chem, Biotechnol., 1975, 25, 241-248, it is reported that chlorinated hydrocarbons are converted to HCl and CO, over
platinum on gamma alumina catalyst.

U.S. Patents 3,972,979 and 4,053,557 describe the deoormosrtron of halchydrocarbons by oxidation over chro-
mium oxide or a boehmite supported platinum.

U.S. Patents 4,059,675, 4,059,676 and 4,059,683 describe methods for decompaosing halogenated organic com-
pounds using catalysts containing ruthenium, ruthenium-platinum and platrnum. respectively, in the presence of an oxi-
dizing agent at a temperature of at least 350°C.

The article by James J. Spivy, "Complete Catalytic Oxidation of Volatile Organics,” Ind. End. Chem. Res., 1987, 26,
2165-2180, is a review of the literature dealing with the heterogenous 'catalytrc oxidation of volatile organic compounds.

The article by S. Chatterjee and-H.L. Greene, "Oxidative Catalysis of Chlorinated Hydrocarbons by Metal-Loaded
Acid Catalysts”, Journal of Catalysis, 130, 76-85 (1991), reportson a study of the catalytic oxidation of methylene chio-
ride in air using supported zeolite catalysts H-Y, Cr-Y and Ce-Y. '

U.S. Patent 4,983,366 describes a method for the catalytic convérsion of waste gases containing hydrocarbons,
halogenated hydrocarbons and carbon monoxide by passing the waste gases through a first zone containing a catalyst
such as aluminum oxide, silicon dioxide, aluminum silicate and/or a zeol‘te optionally containing oxidic compounds of
barium, manganese, copper, chromium, manganese and nickel, and then through a second zone containing a catalyst
such as platinum and/or palladium or platinum and rhodium.

EP-A-0547226 (published after the priority date of the present applrcatron) discloses a catalyst comprising a first
component containing a composrte oxide of two or more metals selected: from Si, Ti and Zr, and a second component
comprising an oxide of one or more metals selected from V, Mo, Sn, Ce and w

JP-A-63287555 discloses a catalyst in-which a first wash coat layer may comprise vanadium oxide, and a second
wash coat layer comprises zrrcomum oxide and cerium oxide. The zrrcomum ‘oxide preferably constitutes 3% to 12% by
weight of the second wash coat layer

There is still 2 need for catalysts and processes for the ondatrv__
organic compounds which provide improved activity and stability.

SUMMARY OF THE INVENTION

This invention refates to a catalyst and process for treating gas stre

In one embodiment, this inverition relates to a catalyst for treah_n' a gas stream containing compounds selected
from the group consisting of halogenated organic compounds, other org: compounds and mixtures thereot, said cat-
alyst comprising vanadium oxide, atleast 40 weight percent zirconium oxrd 3 and at least one axide selected from the
group consisting of manganese oxide, cerium oxide and cobalt axide.: -

in another embodiment, this invention relates to a process fo atmg a gas stream containing compounds
selected from the group consisting of halogenated organic compounds ather organic compounds and mixtures thereof,
comprising contacting said gas _stream atatemperature of from 1 75'C up t0:550°C with a catalyst comprising vanadium
oxide, at least 40 weight percent zlrconium axide and at least one oxlde selected from the group consisting of manga-
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5. A catalyst according to any of clains 2 to 4 wherein nanganese oxide is
present in the core material in an anount from 10 wei ght percent up to
50 wei ght percent (as Mi[err]Jerr]). 6. A catalyst according to any of

clains 2 to 3 wherein said core material_consists essentially of zirconium
oxi de and manganese oxi de. 7. A~catal yst according to any of clains

t20t 37 g \Ahﬁgeednx%aee trcsrn]@mswe af BodioRdh iPthe SrbEncE OF 4 ofBRtIvE brhddht of ciydeh Swarer. NTerr]/ g up

RIPTI F THE PREFER D MBQDIMENT

As previously stated, this invention provides catalysts and a process for using said catalysts to treat gas streams
containing halogenated organic and/or.other organic compounds.

The catalyst of this invention comprises vanadium oxide, at least 40 weight percent zirconium oxide and at least
one of manganese oxide, cerium oxide.or cobalt oxide. The catalyst may also contain other components comprising one .
or more platinum group metals, whichas used herein are platinum, palladium and rhodium, and/or one or more oxides
of tungsten and tin.

When reference is made herein to a metal oxide(s) or oxides(s) of a metal, it is intended to include all oxide forms
of such metal and mixtures thereof as:well as hydroxo-oxides, hydrous oxides and the like.

Typically, the catalysts of this invention contain from about 40 up to about 88 weight percent zirconium oxide (as
ZrQ,), preferably from about 60 up to: 'é_bout 85 weight percent; and from about 3 up to about 48 weight percent of one
or more oxides of manganese, cerium or cobalt, preferably about 10 up to about 30 weight percent.

The catalysts of this invention contain an amount of vanadium oxide effective to promote the decomposition of hal-
ogenated organic compounds or other ‘organic compounds. It is desirable that the vanadium oxide be present in an
amount from about 0.1 up 1o about:20: weight percent in the oxide form (as V,0s) of the catalyst and preferably from
about 2 up to about 10 weight peroeﬁt.

It the catalyst contains tungsten,: it wnll typically contain up to about 20 wengm percent in the oxide form (WOj3) and
preferably from about 5 up to about _1 0 weight percent.

It is desirable that the noble metal be present on the catalyst in an amount from about 0.01 fo about 5 weight per-
cent of the catalyst, and preferably: from about 0.1 to about 1.0 weight percent.

Finally, if the catalyst contains hn oxnde. itis desirable that tin oxide be present in an amount from about 0.1 to about
2.0 weight percent in the oxide form, (SnOz) and preferably from about 0.3 to about 1.0 weight percent of the catalyst.

In a preferred embodiment, the mtalyst is characterized by a core material comprising zirconium oxide and one or
more oxides of manganese, cerium or ‘cobalt with vanadium oxide and such previously discussed other components
dispersed on this core material. The other component is preferably a platinum group metal. The preferred platinum
group metal is platinum. The other components that can also be dispersed on the core material include oxides of tung-

" sten and tin.
In this preferred embodiment, the, core material containing zircanium oxide and at least one oxide of manganese,
. cerium or cobalt is first prepared, then vanadium axide and cther components are dispersed thereon.

Typically, the core material of thls_mvent:on contains up to about 90 weight percent zirconium oxide (2rO,), prefer-
ably from about 50 up to about 80 we«ght percent.

In the case of a core material comprising manganese axide and zirconium oxide, it is desirable that manganese be
present in the core material in an amount up to about 50 weight percent (as Mn,O,); typically, containing at least about
10 weight percent manganese oxide and preferably from about 15 up to about 35 weight percent.

In the case of a core material compusmg cerium oxide and zirconium oxide, it is desirable that cerium oxide be

" present in the core material in an amount up to 50 weight percent (as CeO,); typically, containing at least about 14
weight percent cerium oxide, and preferably from about 15 up to about 25 weight percent.

In the case of a core material- comprismg cobalt oxide and zirconium oxide, it is desirable that cobalt oxide be
present in the core material in an amount up to 50 weight percent as 00304. typically, containing at least 10 weight per-
cent, preferable from about 15 up to.about 35 weight percent.

The core material may be combmed with other materials such as bmders or adhesion aids or active components
such as titania, although it is preferred that titania is absent from the catalyst of this invention. The core material may
be prepared by means well known to. o;s'e of ordinary skill in the art and mdude physical mixtures, cogellation, copre-
cipitation or impregnation. The prefefr_ ed techniques for preparing the care material of this invention are cogellation and
coprecipitation. For further details of the se: methods see U.S. Patent 4 ,085,193 which is incorporated by reference for
its teaching of techniques for copreclprtauon and cogellation. lmpregnanon ‘may be used in a manner analogous to the
methods discussed with regard to duspersmg vanadium oxide and other components on the core material.

For example, a core material of zirconium oxide and manganese oxide may be prepared by mixing aqueous solu-

- tions of a suitable zirconium oxide precursor such as zirconium oxymtrate. zirconium acetate, zirconium oxychloride, or
zirconium oxysulfate and a suitable manganese oxide precursor such as manganese nitrate, manganesa acetate, man-
ganese dichloride or manganese dibromide, adding a sufficient amount ‘of a base such as ammonium hydroxide to

" obtain a pH of 8-9, filtering the resulting preclpnate washing with water, drymg at 120-150°C and then calcining at 450-
500°C.

A similar procedure employing a soluble cerium or cobalt commund such as cerium nitrate, cerium acetate, cerium
sulfate or cerium chloride, cobalt mtrat , cobalt chloride or cabalt bromide- ‘may be used if a core material comprising
zirconium oxide and oxides of ceria or cobalt is desired.
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'8 A catal yst according to any preceding claimwherein the catal yst

contains one or nore platinumgroup netals in an anmount from 0. 01 up
to 5 weight percent of the catalyst 9. A catalyst according to claim38
wherein the platinumgroup netal is pI ati num 10. A catal yst according
to any precedi ng cI ai m wherein the caBatryst contains tungsten oxide, tin
oxide or mxtu t her eof .

tis desnrable that the core material and the catalyst of this mvent;on have a surface area of fram about 25 m%/g to
about 275 m2/g, preferably from about. 100 up to about 250 m/g.

The vanadium oxides and the oth_er components can be dispersed onto the cora material by means well known in
the art. If bath vanadium, and one or'mor'e' other components ara desired, they can all be impregnated simuitaneously
or sequentially in any order. Impregnatxon is the preferred method. Impregnatlon may be carried out by techniques well
lnown to those of ordinary skill in the art.

For example, one may wish to dxsperse vanadium oxide in combination with other components anto the core mate-
rial. One way to disperse these components is to impregnate core material in particulate or powder form (for example
spheres, tablets, extrudates or powder as representative examples of Shapes of core material) with a solution contain-
ing a vanadium compound and/or oompounds of the other companents. The solution may be an aqueous solution, ane -
using an organic solvent or a mnxture of the two, with an aqueous soiution being preferred. The criteria used in selecting
the compounds are that the compounds bie soluble in the desired solvent and that the compounds can be converted to
the appropriate oxide by heating at elevated temperatures or by chemical reactions. lilustrative of these compounds are
the halides of vanadium, tungsten, and tm .oxyacids, oxyacid salts and oxysalts of vanadium, tungsten and tin. Specitic
examples are tungsten dxoxydlchlonde tin bromids, tin chloride, tungstic acid, ammonium paratungstate, ammonium
meta tungstate, vanadium oxychlorid '_vanadxum oxydichioride, vanadic acid, cobaltic acid, vanadyi suifate, tin acetate,
tin nitrate, tin chloride and ammonium: meta vanadate. Ammonium meta tunstate, ammonium meta vanadate and tin
chicride are the preferred compounds.

The impregnation of the partictilates or powder with the metal compound solution may be carried out in ways well
known in the art. One convenient method is to place the core material.in particulate form, e.g., granules, into a rotary
evaporator which is partially lmmarsed in a heating bath. The wnpregnahng solution which contains an amount of the
desired metal compound to provrde the  desired concentration of oxide or metal in the finished catalyst is now added to

- the core material and the mixture cold rolled (no heat) for a time frorm about 10 to 60 minutes. Next, heat is applied and
the solvent is evaporated. This usua!ly takes from about 1 to about 4 hours. Finally, the solid is removed from the rotary
evaporator and calcined in air at a temperature of about 400°C-800°C for about 1 to 3 hours. If both vanadium and one
or more other components are desired; they may be lmpregnated smmltaneously or sequentially in any order.

Alternatively, the core material.in powder form is placed into a. planetary mixer and the impregnating solution is
added under continuous agitation-until a state of incipient wetness is achleved The powder is then dried in an oven for
4-8 hours and calcined from about 4 -600°C for 1-3 hours.

Other methods of dispersing the -axidés onto core material are coprecipitation or cogellation.

If a platinum group metal comiponent is desired on the catalyst, it .may be dispersed onto the core material before
or after the addition of vanadium oxi or the other components to the. core material by impregnating the material with
a solution containing a compound- of the desired platinum group metal(s) The solution may be an aqueous or non-
aqueocus (arganic scivent) solution. ‘An latmum group metal compound may be used provided the compound is solu-~
ble in the chosen solvent and decomy es ‘o the metal upon heating in gir at elevated temperatures. lllustrative of these
platinum group metal compounds are’ ‘hlorop!atmxc acid, ammonium chioroplatinate, hydroxy disulfite, bromoplatinic
acid, platinum tetrachloride hydrate. platmum dichlorocarbonyl d‘ch!onde. dinitrodiamino platinum, amine solubilized
platinum hydroxide, rhodium trichloride, ‘hexaamminerhodium chioride, thodium carbonylchioride, rhodium trichloride
hydrate, rhodium nitrate, rhodium acetate. -chloropalladic acid, palladium chioride, palladium nitrate, diamminepalla-
dium hydroxide and tetraammmepallad‘ um chicride. The impregnation procedure is analogous to that used to disperse
vanadium oxide and other components.

The catalyst of the instant inve may be used in any oonflguratlon shape or size which exposes it to the gas to
be treated. For example, the cataly ca_n be conveniently employed in particulate form or the catalyst can be deposited
onto a solid monolithic carrier. When'the particulate form is desired, the catalyst can be formed into shapes such as
tablets, pellets, granules, rings, spheres, etc. The particulate form is yecially desirable where large volumes of cata-
lysts are needed, and for use in Cir mstances in which frequent replacement of the catalyst may be desired. In circum-
stances in which less mass is désirable.or in which movement or agntatxon of particles of catalyst may result in attrition,
dusting and resulting loss of d:spersed meials or oxides or undue inc! ease in pressure drop across the particles due to
high gas flows, a monolithic form is‘pref d. .

in the employment of a monolithic form. it is usually most convenient to employ the catalyst as a thin film or coating
deposited on an inert carrier material which provrdes the structural support for the catalyst. The inert carrier material
can be any refractory material such as¢ eramic or metallic materials, desirable that the carrier material be unreac-
five with the catalytic components and.not be degraded by the gas to which it is exposed. Examples of suitable ceramic

materials include sillimanite, petalr 'rdiente. mullite, zircon, zircon mullite, spodumene, alumina-titanats, etc. Addi-
tionally, metallic materials which are within the scope of this invention include metals and alloys as disclosed in U.S. Pat-
ent No. 3,920,583 (incorporated herem by reference) which are oxidation resistant and are otherwise capable of
withstanding high temperatures. For the treatment of gases containing: halocarbons, ceramic materials ara preferred.

The mendlithic carrier matenal can besl be utilized in any rigid umtary configuration which provides a plurality of
pores or channels extending in the drrechon of gas fow: lt is preferred'- at the configuration be a honeycomb configu-
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11. A catalyst according to claim 10 wherin tungsten oxide is present in an

anmount from5 up to 20 wei ght percent(as WJerr]) of the catalyst.
12 A process for treating a gas stream containing conpounds sel ected from
the group consisting of hal ogenated or gani ¢ conpounds, other organic

conpounds and nixtures t hereof, conprisihg contacting said gas streantat a

tenperat uf E‘on% hdn&/d3 lﬂcﬁli}éa&e‘lr&edta&an eEr?slr St grﬁ%lﬁ'a)( Shan@FER b §' to
any of cl Aaneng b el 5,585 S S 158 gas flow s gadafy i heEsarAS BkiAbn 44 e QG €N
and wat er g channels of the honeycomb structure For ‘a more detailed discussion of monolithic structures, refer to U.S. patent
3,785,998 and U.S, patent 3,767, which are incorporated herem by reference.

if particulate form is desired, the ca_taly' ‘can be formed into granules spheres or extrudates by means well known
in the industry. For example, the catalyst der can be combined wrth a'binder such as a clay and rolled in a disk pel-
Jetizing apparatus o give catalyst sp,_ es. The amount of binder can vary considerably but for convenienca is present
from about 10 to about 30 weight percent

If a monolithic form is desired, the catalyst of this invention can be deposited onto the monclithic honeycomb carrier
by conventional means. For examp .can be prepared by means known in the art such as combining the appro-
priate amounts of the catalyst of this invéntion in powder form, with water, The resultant slurry is ball-milled for about 8
to 18 hours to form a usable slu Other types of mills such as impact mills can be used to reduce the milling ime to
about 1-4 hours. This slurry can n 8 use'd to deposit a thin fim or- coatrng of catalyst of this invention onto the mon-
olithic carrier by means well known iri the art. Optionally, an adhesion aid such as alumina, silica, zirconium silicate, alu-
minum silicates or zirconium acetate n be added in the form of an aqueous slurry or soiution. A common method
involves dipping the monalithic car_n__ sard slurry, blowing out the excess slurry, drying and caicining in air at a tem-
perature of about 450°C to about about 1 to about 4 hours. This procedure can be repeated until the desired
amount of catalyst of this invention'i eposrted on said monolithic honeycomb carrier. It is desirable that the catalyst of
this invention be present on the monalithic carrier in an amount in the range of about 16.4-65.6g/cm® (1-4g/in%) of car-
rier volume and preferably from abolt 24.6 - 49.2g/cm® (1.5 - 3g/in®).

An alternative method of preparatron s to .disperse vanadium oxide and such other optional components on a core
material coated monolithic carrier ‘which:h , been coated with only core material by the above procedure. The cam-
pounds which can be used and the r methods of dispersion are the same as described above. After one or more of these
compounds have been dispersed onto_the core material coated camer. the catalyst is dried and calcined at a temper-
ature of about 400°C to about 600°C for'a time of about 1 to 6 hours. If both vanadium and such other components are
desired, they may be rmpregnatedfssr u_ eously or individually in any order

if a platinum group metal oomp_o entis esrred on the catalyst, one or more may be dispersed onto a core material
coated monolith in an analogous way ythat previously described. That is, the monalithic honeycomb carrier which has
dispersed thereon core material and'omer ptional components can be drpped into an aqueous solution comtaining a
soluble and decomposable noble metal compound dried and calcined at a temperature of 400 to 500°C for about 1 to
about 5 hours. Any decompossble platrnum ‘group metal compound as enumerated above may be used. The concen-
tration of the platinum group metals are’ aiso as stated above. Although the platinum group metal(s) may be impreg-
nated before the vanadium and other _ nents. itis preferred that they be impregnated after the vanadium and other
components. . :

Ancther embodiment of this mv_entro isa process for destroyrng or converting by oxidation and/or hydrolysis halo-
genated organic compounds (also referre herein as organohalogen compounds) and other organic compounds
present in a gas stream comprrsrng_ ontaclrn_g the gas stream at a: ‘temperature of about 175°C to about 550°C and
preferably at a temperature of about 250°C ‘to:about 475°C with the catalyst described heretofore. The organchalogen
compounds which may be treated at y organic compounds which contain at least one halogen atom in the structure
of the compounds. Some specrfrc examples are chiorobenzene, di hlorobenzenes. fluorcbenzene, carbon tetrachio-
ride, chloroiorm, methyi chioride, vrnyl chlornde, methylena chloride, ethyl. chlonde. ethylene chloride, ethylidene dichio-
ride, 1,1,2-trichloroethane, 1.1, -tnchloroethane methyl bromide,  ethylene dibromide, trichicroethylene,
tetrachicroethylene, polychlonnated brphenyls. chiorotrifluorometha rchlorodifluoromethane. 1-chiorobutane, ethyl
bromide, dichloroflucromethane, chloroformic acid, trichloroacetic cid and frifluoroacetic acid. The process of this
invention may also freat a gas stream which' contarns gther orgariic compounds which do not contain any halogens in
their structure. These other orgamc oompounds include. hydrooarb S,.0Xygenates, amines, etc. Specific examples
include benzene, toluene, xylenes; phenol, et 'alcohol methyl ac _ate methyl formate isopropyl amine, buty! phtha-
late, aniline, formaldehyde, methyl ethyl ketone; acetone, etc. o
' it is also desirable that the gas stream: to be treated contain waf r:vapor so that haloacids are formed, e.g., HCI,
- instead of molecular halogen compounds. eg. Cl2 it is désirable uce haloacids instead of molecular halogen

compounds for two reasons. First,-an acid such as HCl is much more e sily trapped and neutralized from the effiuent
gas stream than chlorine (Clp) thereby reducang corrosion problems . in: downstream process equipment. Second,
molecular halogen compounds can: on much more easily than haloacids, thereby
decreasing the life of the catalyst. . E
Usually the gas streams will contai adequate water since the gas: strea__m is often vent gas from air stripping of con-
taminated ground water or soil or ustion products fr hydrocarbon or other hydrogen containing
organic species. However, if the gas stream: does not contain any water rt may be added to the gas stream prior to con-
tacting the gas stream with the catalyst. The minimum amount of water needed is that amount which will give an H:X
atomic ratio of 1:1 where His the total hydrogen atoms and X is the total halogen atoms. An H:X atom ratio of about 6:1
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or greater is preferred.

Ancther method of providing lhe _needed water to a dry gas stream is to add a hydrocarbon or other organic com-
pound, a.g., ethylene, propylene méthanal, ethanol, acetone, methyi-ethyl ketone, etc. if these are not already in the
waste gas streams which then are, combusted over the catalyst to.: arbon dioxide and water. The amount of such
organic compound is chosen so that the ratio of total hydrogen from afl sources in the gas stream entering the catalyst
reactor to total halogen atoms is atleast 1:1 and preferably 6:1 or greater Additionally, if the gas stream does not con-
tain oxygen (air}, it must be added to carry out the combustion.

Many gas streams already contain enough axygen (O,) to oxidize all the pollutants, and mest gas streams contain
a large excess. In general, a large excess of oxygen greatly facllltates the oxidation reaction. In the event that the gas
siream does not contain enough oxygen, oxygen, preferably as air, may be injected into the gas stream prior to contact
with the catalyst. The minimum amouiit of oxygen which must be present in the gas stream is the stoichiometric amount
necessary to convert the carbon and hydrogen in the compounds present to carbon dioxide and water. For convenience
and fo insure that the oxidation rea tion goes to completion, itis desirablé that an excess of oxygen be present. Accord-
ingly, it is preferable that at least two'times: the stoichiometric amount and most preferably at least five times the stoichi-
ometric amount of oxygen be present in the.waste gas stream.

The flow rate of the gas stream over the catalyst is not critical since the contact time required to destroy the poliut-
ants is very short. Therefore, the volume hourly space velocity (VHSV) can vary substantiaily from about 1,000 to about
100,000 hr. *! and preferably from _about_s 000 to about 15,000 he.? based on gas rates calculated at standard temper-
ature and pressure. The VHSV can'b oontrolled by adjusting the size of the catalyst bed.

The process of this invention’is also _appl'able to processes wherain liquid organchalogen compounds and organic
compounds are vaporized and mixed: with oxygen. It is also be understood that the process of the present invention is
not dependent on the conoentratlon of the organic compounds and/or the organchalogen compounds. Thus, gas
streams with a very wide concentra'non range of pollutants can be lreated by the instant process.

The catalysts of this invention. 3 ‘very active and stable. For example lahoratory test data shows that a catalyst
consisting of a monolithic cordierite honeycomb carrier coated with manganese oxide and zirconia on which vanadia is
dispersed destrayed 99% trichlorgéthylene in a test stream at 450°C and 7500 VHSV for at least 1200 hours.

Once the gas stream has been contacted with the catalyst and the: ‘poliutants destroyed, the catalyst freated gas
stream may be further treated, if desired, to.remove the halogen acrd and any halogens which are formed during the
conversion process. For example. th catalyst treated gas stream may be passed through a scrubber to absorb the

acid. The scrubber may contain a bas "such as sodium or ammonium’ hydroxrde which neutralizes the acids and solu-
bilizes the halogens as basic hypohalites

This invention is exemplified in the followrng examples. Of course, these examples are not intended as limiting this
invention as modification of the examples by ord' nary expedient will be read' ily apparent to those of ordinary skills in the
art

Example 1

A mixture of a 20% solution of zircany! oxynitrate (790 g) and a 50% manganese nitrate solution {(100g) is prepared.
A 7M solution of ammonium hydraxide is added to this mixture with constant stirring to obtain a pH of 3.5 and gel for-
mation. One liter of water is added 10 'the gel and the gel is broken by. stirring with a large spatula. A 7M ammonium
hydroxide solution is added to obtar -pH'of 8-9. This mixture is then filtered and washed with additional water. The
resulting powder is dried at 120°C ov nig and then calcined at 500'0 for two hours to yield a coprecipitated manga-
nese oxide/zirconia powder. A

Example 2

The manganese oxide/zirconia powder prepared in Example 1 (8009) is impregnated to mcrpuent wetness with
288g of an ammonium meta vandate solu ion (11.1% in water). The. resuiting powder is dried at 120°C overnight and
then caicined at 500°C for one hour eld the desired vanadium oxide on manganese oxide/zirconia catalyst. The
resultant catalyst powder contains vanadlum oxide. A slurry of thi! powder is prepared by placing 40g of the pow-
der in a ball mill with 100g of water. iling for 12 hours. To this slurry is added an alumina (Condea SBA-150) slurry
{48% solids) in sufficient quantity lo-produce a mixture containing 82% 'of the vaniadia/manganese oxide/zirconia stusry
and 18% of the alumina slurry. A cyllndrrcal shaped monolith cordle honeycomb having a diameter of 2.54 cm (1
inch), a length of 7.62 cm (3 inches) and 400 cells per square inch is PE .into.the above-described slurry. After dip-
ping, the excess slurry is blown out with-an air gun and the honeycdmb is drred at 120°C for one hour and calcined at
500°C for ane hour. This procedure is repeated until the monolith ha catalyst loading of 24.6g/cm® (1.5g/in%). Prior
1o testing, the catalyst prepared abqve ut into one inch long pieces and its diameter reduced 10 2.22 cm (7/8 in). by’
grinding. “
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CATALYTI C | NCI NERATI ON OF ORGANI C COVPOUNDS ABSTRACT
A catalyst is disclosed for treating gas streans

..6..
Example 3

The vanadium oxide/manganese axide/zirconia catalyst prepared in Example 2 is impragnated with 41. 1g of an aque-
ous amine-solubilized platinum hydroxlde (Ha2P(OH)g) solution (15.1% Pt) and 69.7g of water. The powder is then dried
at 120°C overnight and calcined at 500°C for one hour. A cordierite honeycomb of the size and shape described in
Example 2 is coated in the same way as the catalyst described in Example 2.

Example 4

A vanadium oxide on cerium oxide/zirconia powder is prepared in the same manner as the vanadia/manganese/zirco- -
nia catalyst described in Example 2 employing 800g ceria/zirconia (20% CeO,) impregnated with 288g of an 11.1% of
aqueous ammonium meta vanadium solution. The powder of this example is applied to the honeycomb without the alu-
mina adhesion aid.

Example S

" A mixiure of a 20% solution of zirconyl oxynitrate (790g), a 50% solution of manganese nitrate (100g) and 81.32g of
cobalt nitrate is prepared. A 7M solution of ammonium hydroxide is added to this mixture with constant stirring to obtain
a pH of 3.5 and gel formation. One liter of water is added to the gel and the gel is broken by stiring with a spatula. A
7M ammonium hydroxide solution is added to obtain a pH of 8-9. This mixture is filtered and washed with additional
water. The resulting powder is dried at 120°C overnight and then calcined at 500°C for two hours to yield the desired
cabalt oxide/manganese oxide/zirconia powder. This powder {100g) is nnpregnated with 14g of an aqueous solution of
ammonium meta vanadate (8%) d'luted further with 260 ml. of water. The resulting powder is dried at 150°C overnight
and then calcined at 500°C for one hour. The resuiltant catalyst powder contains 4.0% vanadium oxide (V205)

Example 6

A test generally used to evaluate catalyst efficiency for the destruction of halogenated organics and other organic com-
pounds uses a quartz tube reactor wuh a diameter of 2.54 cm (1 inch) placed inside a Lindberg furnace.

The gases are introduced from the top of the tube and flow downward over the catalyst. Catalystona honeycomb mon-
olith having a 2.22 cm (7/8 inch) diameter and 2.54 cm (1 inch) length is placed in the middle of the tube and the
destruction of organic compounds. by the catalyst is evaluated. The catalyst is tested at temperatures ranging from
175°C to 450°C. The concentration:of the organic compound is 1000 ppm in air containing 1.5% water and the volume
hourly space velocity is 7500. A hydrocarbon analyzer (FID) or a gas chromatograph is used to analyze the outlet gas.
The conversion efficiency is calculated at various temperatures using equahon 1.

% conversion = [(C,,- C,,)/C ,]x100 (1
where Cy, is the inlet concentration of the organic compound to be converted and C,,; is the outlet concentration.

The results of the foregoing test are'shown in the following table to exempl:fy the destruction of halogenated organics
and other organics using the catalysts of this invention.
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cont ai ni ng organi c conpounds such as hal ogenated organi ¢ conpounds. The
catal yst is conpri sked o({ vanadi um oxi de, zirconi um oxi de-and..at._] east one

oxi de. ‘@his um or cobalt. Al so disclosed i s a. processwfpr':??’,
treating Si ng such catal ysts. o T
L TABLE |
' (éata!&st Organic Temperatufa 'Conversion
- Compound .
Ex2 | TCE 1 arsc . 50%
Ex.2 | TCE | 4esc | e0%
Ex2 | TcE - | 4sec 99%.
Ex3 | TCE - 375°C 50%
Ex.3 | TCE ' 425°C 0%
Ex.3 | TCE 450°C 99%
Ex4 | TCE 375°C 50%
Ex.4 | TCE 425°C | 0%
Ex.4 | TCE 450°C 80%
Ex.2 | Toluene 320°C-- | 50%
Ex.2 | Toluene 345°C 50%
Ex. 2 Toluene 350°C 99%
Ex.3’ Toluens 199°C 90%
Ex.3 .| Toluene 225°C 9%
' Ex.2 | MC : 375°C 50%
Ex.2 | MC . 400°C 90%
Ex.2 | MC . 450°C 99%
Ex.4 | MC - 375°C 50%
Ex.4 | MC 425°C 90%
Ex4 | MC 450°C | 99%
. Ex.2 | TetraCE 375°C 50%
Ex.2 | TetraCE 425°C 0%
Ex.2 | TetraCE 450°C 9%
Ex.4 | TetraCE 375°C 50%
Ex.4 | TetraCE 425°C 90%
" Ex. 4. .| TetraCE 450°C 99%
Ex;z ' _Chlorubenzene 300°C 50%
Ex.2 '] Chloroben- 350°C 80%
| ezene
Ex.2 - Chlcrobenzene 400°C - 89%
TCE= Tnd'lloroeﬂ'lylene
MC = Methyler'e Chioride
Tetra CE = Tetrachlorosthylene

Claims

1. A catalyst for treating a gas stream containing compounds selected from the group consisting of halogenated
organic compounds, other organic compounds and mixtures thereof, said catalyst comprising vanadium oxide, at
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. TABLE |
' Gétalyst Organic Tembera‘ture Conversion
_ Compound
Ex.2 TCE 375°C 50%
Ex.2 TCE 425°C 0%
Ex. 2 TCE 450°C 99%
Ex. 3 TCE 375°C 50%
Ex.3 | TCE 425°C 90%
Ex.3 | TCE 450°C 99%
Ex.4 | TCE 375°C 50%
Ex. 4 TCE 425°C 90%
Ex. 4 TCE 450°C 90%
Ex. 2 Toluene 320°C . 50%
Ex.2 | Toluene - 345°C 90%
Ex.2 Toluene 350°C 99%
Ex.3 Toluene 199°C 90%
Ex.3 | Toluene 225°C o99%
Ex. 2 MC 375°C 50%
Ex. 2 MC . 400°C 90%
Ex2 | MC . 450°C 99%
Ex.4 | MC , 375C | S0%
Ex4 | MC 425°C 90%
Exd4 | MC 450°C 99%
Ex.2 TetraCE 375°C 50%
Ex2 | TetraCE 425°C 90%
Ex.2 | TetraCE 450°C 99%
Ex. 4 TetraCE 375°C 50%
Ex.4 | TetraCE 425°C 90%
Ex.4 | TetraCE 450°C 95%
Ex.2°'| Chiorobenzene 300°C 50%
Ex.2 | Chloroben- 350°C 0%
| ezene _

EX. z “] Chlorobenzene |  400°C . 99%

TCE = Tchloroathylens —

MG = Methylene Chioride

Tetra CE = Tetrachloroethylene

Claims

1. A catalyst for treating a gas stream containing compounds selecied from the group conslsting of halogenated
organic compounds, other organic compounds and mixtures thereot, said catalyst comprising vanadium oxide, at

This is the replacement sheet

Date: 1 2 NOV 1997

T




el

This Sheet Has Been Rep! lacad

*MEMHCAN \II\

least 40 weight parcent zirconium oxide and at least ane oxida selacted from the group consisting of manganese
oxida, cerium oxide and cobalt oxide.

2. A catalyst according to claim 1 wherein said catalyst is characterized by a core material consisting essentially of
zirconium oxide and one or mora oxides of manganese, cerium or cobalt,

3. A catalyst according to cfaim 2 wherein the vanadium oxide is dispersed on the core material in an amount from
0.1 weight percent up to 20 w_eight percent {(as V,05) of the catalyst.

4. A catalyst according to claim 2 or claim 3 wherein zirconium axide is present in the core material in an amount from
§0 weigtit percent up to 90 weight percent (as 2rO,).

5. Acatalyst according to any of claims 2 to 4 wherein manganese oxide is present in the core material in an amount -
from 10 weight percent up to 50 weight percent (as MnyO,).

6. Acatalyst accordfng to any of claims 2 to 5 wherein said core material consists essentially of zirconium oxide and
manganese oxide.

7. ;\‘2 catalyst according fo any of claims 2 to 6 wherein the surface area of the core material is from 25 m?/g up t0 275
9.

8. A catalyst according to any precéding claim wherein the catalyst contains ane or more platinum group metals in an
amount from 0.01 up to 5 weight percent of the catalyst. :

9. A catalyst according to claim 8 wherein the platinum group metal is platinum.

10. A catalyst according to any pfeteding claim wherein the catalyst contains tungsten oxide, tin oxide or mixtures
thersof.

11. Acatalyst according to claim 10 wherein tungsten oxide is present in an amount from S up to 20 weight percent (as
WO,) of the catalyst. :

12, A process for treating a gas stréam containing compounds selected from the group consisting of halogenated
organic compounds, other or_g_énic compounds and mixtures thereof, comprising contacting said gas stream ata
temperature of from 175°C up-t0.550°C with a catalyst according to any of claims 1 to 11 in the presence of an
effective amount of oxygen and water.
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TABLE |
Catalyst |  Organic Temperé_iﬂre Conversion
_ Compound :
Ex.2 | TCE 375°C 50%
Ex.2 | TCE 425°C 90%
Ex2 | TCE 450°C 99%
Ex.3 TCE 37s5°C 50%
Ex.3 | TCE 425°C 0%
Ex.3 | TCE 450°C 99%
Ex4 | TCE 375°C 50%
Ex4 | TCE 425°C 90%
Ex4 | TCE 450°C 90%
Ex. 2 Toluene 320°C 50%
Ex.2 | Toluene 345°C %0%
Ex. 2 Toluene 350'0. 99%
Ex.3 | ‘Toluene 199°C $0%
Ex. 3 Toluene 225°C 99%
Ex.2 | MC 375°C . 50%
Ex2 | MC 400°C 0%
EBx.2 | MC 450°C 95%
Ex4 | MC 375°C 50%
Ex4 | MC 425°C 90%
Ex4 | MC 450°C. 99%
Ex.2 | TetraCE 375'C. 50%
Ex.2 | TetraCE 425°C 90%
Ex2 | TetraCE 450°C 99%
Ex.4 | TetraCE 375°C 50%
Ex.4 | TetraCE 425°C 90%
Ex.4 | TetraCE 450°C.. | 9%
Ex. 2 Chiorobenzene 50%
Ex2 | Chioroben- 90%
azene

Ex. 2 Chlorobenzene 99%

TCE = Trichloroethylens

MC = Methylene Chioride

Tetra CE = Tetrachloroethylene
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Claims

1. A catalyst for treating a gas stream containing compounds selected fro_m the group consisting of halogenated

organic comgounds, other organic compounds and mixtures there id catalyst comprising vanadium oxide, at

least 40 weight percent irconium oxide and at least one oxida selected from the group consisting of manganese
oxide, carium oxide and cahait gxida.

A catalyst according to claim 1 wherein said catalystis characteniéd by a cora material consisting essantially of
zircanium oxide and ane or mors oxides of manganese, cerium or cobal!.

3. A catalyst according to claim 2 wherein the vanadium oxide is dispersed on the cora material in an amaount fram
: 0.1 weight percent up to 20 weight percent (as V,0s) of the caialyst.

A catalyst according to claim 2 or claim 3 wherein 2irconium oxide is presant in tha core matenal in an amaunt from
50 waight percent up o 90 weight parcent (as ZrQ,).

A catalyst according 10 any of claims 2 to 4 wherein manganese oxtde ns present in the cora material in an amaunt
from 10 weig_ht parcent up to S0 weight percent (as Mn,O,).

A catalyst according to any of claims 2 to 5 wherain said core material-consists essentially of zirconium oxide and
manganesa oxida,

7. :‘zcatalystaewtdingto any of claims 2 to 8 wherein the surface area of tha core matarial is from 25 m?/g up 0 275

1g.

8. A catalyst according to any preceding claim wherein the catalyst conhins one or mora platinum group metals in an

amount from 0.01 up 1o S weight percdnt of the catalyst.

9. Acatalystaeeordingmdamawhermmsphﬁmmgmupmehlsdaﬁnum

10. Acahlystaccﬂd‘nqtoanyprecading daimwhoreinmeawystmman mdde.ﬂncndoorm
thereat.

11. A catalyst according to claim 10 wherein tungsten ondeispressnﬁnanamunﬂromSuphaoweightpucw(as
WO3) cf the catalyst,

12, Aprocassbrtmﬁngagassreamwntaidngconmoundswsé;d_mmgroupwnsisingdhlogmed
organic compounds, other arganic compounds and mixtures therecf, comprising contacting said gas stream at a

tenmsmmreaﬂrom175'C¢:pbsso'cmaahlystamdun§banyofdwm1mn in the presence of an
effective amount of oxygen and water. ) )
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CATALYTIC ‘INCINERATION OF ORGANIC COMPOUNDS
ABSTRACT

A catalyst is disclosed for treating gas streams
containing -q:f:_g:-a;nic compounds such as halogenated organic
compounds. 'I‘he catalyst is comprised of vanadium oxide,
zirconium oxide and at least one oxide of manganese, cerium
or cobalet. Also disclosed is a process fo: treating gas
streams using ‘Such catalysts.




