Ja” = PCT/USB9/ 02375 discloses a catalytic conposite co S ISPYET HAS BREN
support which is’'a refractory inorgani c oxide having dis erseaq (E,j n at
| east one nobl e et al conponent sel ected fromthe group

pl ati num pal | We@9%IM$192 hodi um rut heni um and iridi um and havi PER/GBYS&446 e

t hereon an overl ayer conprising at |east one oxygen storage conponent and a
second support which is a refractory inorganic oxide. GB-A-2006038

di scl oses a catal yst system conprising a support and a catal yst materi al

i ncl udi ng pl ati num and/ or palladiumcarried on the support, characterised

in that the support also carries nolybdenumin an anount of at |least [err]%
by wei ght, based on the weight of the support, and not |less than 7 tines

t he wei ght of the :

: OXIDATION CATALYST

This invention relates to a catalyst.

PCT/GB 94/00321 discloses a catalyst for use'___-._;':in the oxidation of carbon
monoxide and hydrocarbons which comprises "i_porous alumina support
having captured thereon a complex compnsmg gold, a transition metal
selected from cobalt and manganese, and the alumina, the concentration of
gold on the support being less .than 2 percent h_}gllmass of the catalyst, and
the atomic ratio of gold to transition metal being__:__fh_the range 1:30 to 1:200.
Of these catalysts, the preferred catatyst is one which has cobalt as the
teansition metal. The alumina is said to bave a largc surface area, typically
80 to 400m?/g. "

PCT/GB 95/02566 discloses a catalyst comprising an oxide support selected
from zirconium oxide, cerium oxide and :mxmrcs thereof having captured
thereon & noble metal in catalyticany effective form Preferably the noble |
metal is gold and there is also’ present a transmon metal oxide having a
spinel structure, e.g. cobalt oxide or ferric oxxde with the gold being

talyst is also suitable for
-hydrocarbons and also

associated with the transition metal oxide. This ca
catalysing the oxidation of carbou monoxide "_
reducing hazardous nitrous oxxdes

e

______
e
e
e
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pl ati num and/ or pal | adi um WO 97/ 45192

. PCT/ GB97/ 01446 -2- SUMVARY CF THE | NVENTI ON A catal yst for use in

"~ catalysing the oxidation of carbon nonoxi de and hydrocarbons which

- conprises anwad@8193upport havi ng captured thereon a nobl eporicBb7/01Ms

. catalytically effective form is characterised by the presence of an oxide
cof titanium nol ybdenum or a m xture thereof. The presence of the oxide of
. titanium or nol ybdenum or a m xture thereof has the effect of stabilising
: the catalyst in the presence of sul phur, particularly sul phur dioxide, and

t hereby significantly inproving the sul_pEu_r tol erance of the catalyst,
particularly at |ow tenperature. :

SUMMARY OF THE INVENTION

A catalyst for use in catalysing the oxidation of carbon monoxide and
hydrocarbons which comprises an oxide support having captured thereon a
noble metal in catalytically effective form, is characterised by the presence
of an oxide of titanjum, molybdenum or a mixture thereof. The presence
of the oxide of t_i_t_ahium or molybdéri_um or a mixture thereof has the effect
of stabilising the éatalyst in the presence of sulphur, particularly sulphur
dioxide, and thereby significantly improving the sulphur tolerance of the
catalyst, particularly at low temperature.

Further according to the invention, a method of oxidising carbon monoxide
or a hydrocarbon in the presence of --sﬁlphur includes the step of catalysing

the oxidation using a catalyst as described above.
DESCRIPTION OF EMBODIMENTS

The oxide of titanium or molybdenum or mixtures thereof will typically be
provided in an amount of up to about 15 percent, generally up to about 10
percent, by mass of the catalyst. The oxide will generally be provided in
finely particulaté form and have a largé surface area, e.g. have a surface
area of the order of 80 to 200m?%/g. |

In the catalyst of the invention, the %oxide of titanium and/or molybdenum
may be produced in sit, i.e. the tﬁetai included in the catalyst which is
converted to oxide form during f_drin_ation or on activation of the catalyst,

or it may be added to the support ._o__):'__tidé, as the oxide.



Further according to the invention, a nethod of oxidising carbon nonoxide
or a hydrocarbon in the presence of sul phur includes the step of catal ysing
t he oxidation using a catal yst as descri bed above. DESCRI PTI ON OF
, EMBODI MENTS Thewoxatigba9of titani um or nol ybdenum or mi xtures ticmensfiors |
“typically be provided in an anount of up to about 15 percent, generally up
to about 10 percent, by mass of the catalyst. The oxide wll generally be
provided in finely particulate formand have a | arge surface area, e.g.
have a surface area of the order of 80 to 200nferr]/g. In the catal yst of
the invention, the oxide of titanium and/or3 nol ybdenum nmay be produced in
situ, i.e. the netal included in the catalyst which is converted to oxide
formduring formation or on activation of the catalyst, or it may be added
to the support oxide, as the oxide.

The catalyst is preferably one wherein the oxide support is zirconium oxide,
’ cerium oxide or a mixture thereof present in the catalyst in an amount of at
least 50 percent by mass of the '-catalyst. When the support comprises a
mixture of these two oxides, the cerium oxide will generally constitute at
least 50 percent by mass of the mixture. The oxide support may also be

other types of oxide, ¢.g. alumina.

The noble metal will generally be gold, platinuin, palladium, rhodium or
silver, with gold being the preferred noble metal.

The concentration of the noble_ metal will generally be low, i.e. less than 2
percent by mass of the cataly_si.-'_ ‘Preferably the noble metal concentration

is of the order of 0,1 to 0,5'apemé?1t by mass of the catalyst.

The catalyst preferably also contains a transition metal in oxide form. The
transition metal oxide preferably ‘has a spinel structure. Examples of
transition metal oxides which form spinel structures are cobalt oxide
(Co,0,) and ferric oxide (Fe,0,).

When the noble metal is gold,-"-':"the preferred catalyst also contains a
transition metal.oxide havirig:a: $pinel structure and to which the gold is

associated, e.g. complexed.

The oxide support will be poro 1sand able to capture as much of the noble

metal/transition metal oxide thereon as possible. The oxide support should

have as large a surface area a;_ts_'pdssz;ible, typically 80 to 200m%g. The oxide

support may take any suitﬁiilé; form such as a monolith, an extrudate,

pellets, rings, pearls or preferably a-powder.



WD, 97/45192
-3- The catal yst

oxi de, ceriumoxide or a mixture therjeof pREBBAGED n th Yal
amount of atwbexssi9b0 percent by mass of the cdat ollyat. WhepeGivriapor t

conprises a m xt

is preferably one TRISSHERT KHAS BEEN

ure of these two oxides, the ceriumoxide will generally

constitute at |east 50 percent by nass of the m xture. The oxi de support
may al so be other types of oxide, e.g. alum na. The noble netal wll

general ly be gol

d, platinum palladium rhodiumor silver, with gold being

the preferred noble netal. The concentragion of the noble nmetal wll
generally be low, i.e. less than 2 percent by mass of the catal yst.
Preferably the noble netal concentration is of the order of 0.1 to 0.5

percent by nass
transition netal

of the catalyst. The catalyst preferably also contains a
The'ratd! of Sioble 'mietal 15 Eransition metal, when present, in the catalyst,

can vary over a wide range. Generally, the atomic ratio of noble metal to
the transition metal will not exceed 1:100.

The catalyst, when it contains both a noble metal and a transition metal
oxide, may be made by the method:'described in PCT/GB 95/00136. The
method involves impregnating the ._oiide support with a solution of the
transition metal, optionally drying the product, exposing the impregnated
product to a reducing atmosphere such as hydrogen or carbon monoxide at
a temperature exceeding 300°C, ixnpregnating the thus treated product with
a solution of the noble metal and drying the impregnated product. The
catalyst may be activated by exposixi_g.ﬁ;it toa temperam_i_‘e of at least 300°C,
typically 300 to 700°C, in the presgx_iéébf oxygen. The oxygen may be air
or oxygen mixed with another gas. i

The invention will now be illustrated by the following examples.
EXAMFLE 1

A catalyst was produced using the method generally disclosed in
PCT/GB 95/00136 and comprised 0,5% gold, 9,5% cobalt, 80% zirconium
oxide/cerium oxide and 10% ﬁtaniﬁ}n dioxide, all percentages being by
mass. The cobalt was in the form of _,c,obalt oxide having a spinel structure,
and the gold was in association, i.c. complexed, with the cobalt oxide
spinel. In producing the catalyst, the titanium dioxiéc was added as the
oxide to the catalyst.

- This Sheet Has
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transi tion metal oxide preferably has a spinel structure. Exanples of
transition netal oxides which formspinel structures are cobalt oxide

- (Co[err]derr]) and ferric oxide (Fe[err]qerr]) When the noble netal is

i gold, the pref oSNt al yst al so contains a transition netalpcaxiBdwoiass/i ng
la spi nel structure and to which the gold is associated, e.g. conplexed. The
oxi de support will be porous and able to capture as nuch of the noble

nmetal /transition netal oxide thereon as possible. The oxi de support shoul d
have as | arge a surface area as possible, typically 80 to 200nerr]/g. The
- oxi de support may take any suitable formysuch as a nonolith, an extrudate,
pellets, rings, pearls or preferably a powder. -4

The catalytic effectiveness of the catalyst in the @jc_idation of carbon
monoxide and hydrocarbons (HC) was tested at varic_i_tjls temperatures and

the results thereof are set out in Table 1.

TABLE 1

Effect of TiO, on Catalytic Activity

. Conversion (% - o

- .200° : :'3oo° 4oo° o) 4 8500°
e ieco=T He- "CO. -HC | €O HC co,ch': iC0.'|- HC-
Samgle'l gwnh 'no,) 78] 53 92] 22| 1001 78] 100] 95| 100] 96
Sample 2 (with TIO;)' | 89| 581 1007 38| 100| 79 100 98| 100] 98

Sample 3 (without)' - S0] 39 72 121 .88 701 100 871 100 95
Sample 4 (witho(j_t)_"f 57 44 77 18 | f1'003'3_ 721 100 88 | 100 96
Test conditions: : steady state

Space velocity: 60 000 h

Gas composition: 1% CO, 0,9% O, 700 ppm HC, 2%

moisture, 15 ppm SOz, balance N,.

The beneficial cffect of TiO, presence in the catalytzc composmon is most
noticeable at lower nemperatutes

EX 2

A catalyst was produced using the method generally described in
PCT/GB 95/00136 and comprised 0,5% gold, 9,5% ééﬁau 80% zirconium
oxide/cerium oxide, 9,5% titanium dioxide and 0 S% molybdennm oxide,

all percentages bemg by mass. The cobalt was in the form of cobalt oxide

having a spinel structure, and the gold was in association, i.c. complexed,



The ratio of noble nmetal to transition netal, when present, in the
catalyst, can vary over a wi de range. Cenerally, the atomc ratio of noble
s metal: to the transition nmetal will not exceed 1,100. The catal yst, when it
i contai ns bot WQIMINe netal and a transition netal "oxide, FxdRbREE DY

! the nmet hod described In PCT/ G 95/0013G The nethod invol ves inpregnating
- the oxide support with a solution of the transition netal, optionally

- drying the product, exposing the inpregnated product to a reducing

. at nosphere such as hydrogen or carbon nonoxi de at a tenperature exceedi ng
- 300[err]C, inpregnating the thus treated product with a solution of the

- noble netal and drying the inpregnated p?oauct. The catal yst may be

- activated by exposing it to a tenperature of at |east 300[err]C, typically
300 to 700[err]C, in the presence of oxygen. The oxygen nmay be air or

oxygen mxed with. .ne iQvention will now he illustrated by the
f ol [ owi ng exanpl g’ét.m%]&g)é% %Qi?g é?at hﬂ’egg%‘lugéh ewﬁr@g%f’r a5 the Qxide

to the catalyst, whilst the molybdenum oxide was produced in sir.

The catalytic effectiveness in the catalytic oxidation of carbon monoxide and
hydrocarbons (HC) was tested and the results thereof are set out in Table II.

TABLE 11
Effect of MoO, on Catalyst Resistance to SO,

.

CO oxidation. (%)
Temperature°C Ree | 200° | 300° | 400°
Sample P1 (without) 60 | 90 '100 100
Sample P2 (without) 57 87 100 100
Sample P3 TiO,/MoO, 82 95 :-1.90 100 I
| Sample P4 TiO,/MoO; 79 %2 | 10 100
Test conditions: steady state
Space velocity: 60000 h -

Gas composition: 1% CO, 0,9% 0,, 700 ppm HC, 2% moisture,
15 ppm SO,, balance N,.

The detrimental effect of SO, on the catalyst in the _a_.b§encc of TiO,/Mo0O,
is most noticeable at lower temperatures. .



dupli'cate containing the stated conpositions. The co EH&$H‘E""SHA$)IBEEN
prepared in a simlar manner but wi thout a stated co onenif’JEfs‘MCED(AI\/PL 1A
catalyst was produced using the nmethod generally disc
95/ 00136 and cov@W4sEd 0. 5% gol d, 9.5% cobal t, 80%zi r coni umPeTIGHe7/RI846 Ui N
oxi de and 10%titani um di oxi de, aI | percentages being by nmass. The cobalt

was in the formof cobalt oxide having a spinel structure, and the gold was

in association, i.e. conplexed, with the cobalt oxide spinal. In producing
the catal yst, the titanium di oxi de was added as the oxide to the catalyst.
WD 97/ 45192 -7 - PCT/ GB97/ 01446
CLAIM
1.

A catalyst for use in catalysing the oxldauon of carbon monoxide and
hydrocarbons comprising an oxide support havmg captured thereon a noble
metal in catalytically effective form, charactensgd_ by the presence of an
oxide of titanium, molybdenum or a mixture thereof.

2.

A catalyst according to claim 1 wherein the oxide of titanium or
molybdenum or mixture thereof is present in an -'a'rit_z_ount of up to about 15
percent by mass of the catalyst. '

3.
A catalyst according to claim 1 wherein the' oxide of titanium or
molybdenum or mixture thereof is present in an.amount of up to about 10

percent by mass of the catalyst.

4.
A catalyst according to any one of the preceding:é_;aims wherein the oxide

is provided in finely particulate form.

5.
A catalyst according to any one of the preceding éla_ims wherein the surface
area of the oxide is of the order of 80 to 200m%/g.

——
———,
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-5- The catalytic effectiveness of the catalyst in the ox{ figig SHEET HASBEEN
nonoxi de and hydrocarbons (HC) was tested at various t enper at ugp ]LAOEbthe

~resulits thereof are set out in Table 1. TABLE | Effect of LI-Gl-e&*

- 300[ err]

Test conditions:

6.

A catalyst according to any one oﬁfthc preceding claims wherein the oxide
support comprises zirconium oxic__l:'é,',. ‘cerium oXide or a mixture thereof,
present in the catalyst in an amouht_' of at least 50 percent by mass of the
catalyst. R

7.
A catalyst according to any one of the preceding claims wherein the oxide
support comprises a mixture. of zu'comum and cerium oxide, the cerium

oxide constituting at least 50 percent by mass of the mixture.

8.
A catalyst according to any one of the preceding claims wherein the noble
metal is selected from gold, platinum, ‘palladium, rhodium and silver.

9.
A catalyst according to any one of the preceding claims which also contains

a transition metal in oxide form. .

10.
A catalyst according to claim 9 Whér_ein the transition metal oxide has a
spinel structure.

11.
A catalyst according to claim 9 or claim 10 wherein the transition metal

oxide is selected from cobalt oxiqé;-éﬁd ferric oxide.

SR

This Sheet Has Been

|||||||| |||I|I mu ||||| u |||| NI

. Catal yti c Actwebw4s12onversi on Tenperature[err]C PCTIGm?I@QBﬁr r
400[ err] 500[err] HC CO CO Co HC
HC Sample 1 (with TiJerr]) 78 53 92 22 100 78 100 95 100
96 Sampl.e 2 (with TiO[err]) 89 58 100 38 100 79 100 98 100
. 98 Sanple 3 (without) 50 39 72 12 98 70 100 87 100
95 Sanple 4 (w thout) 57 44 77 - §8. 100 72 100 88 100 96
steady state Space velocity: 60 000 h



Gas. conposi ti on: 1% CO, 0,9% Jerr], 700 ppm HC, 2% noi sture, 15

ppm SO err], balance N2. The beneficial effect of TiJerr] presence in the

; cataliytic conposition is nost noticeable at |ower tenperatures. EXAVMPLE 2 A

- catal yst was pMUWEEW2usi ng the net hod general |y described i PCPGBITAB446

- 95/00136 and conprised 0,5 %gold, 9,5%cobalt, 80% zirconium oxi de/cerium

foxide, 9.5%titani um di oxi de and 0.5% nol ybdenum oxi de, all percentages

' being by mass. The cobalt was in the formof cobalt oxide having a spinel

- structure, and the gold was in association, i.e. conplexed, WD 97/ 45192
PCT/ GB197/ 01446 - 6- -9 -

12.

A catalyst according to any one of claims 1 to 7 wherein the noble metal is
gold and there is also present a tramsition metal oxide having a spinel
structure, the gold being complexed with the tranéjtion metal oxide.

13.
A catalyst according to claim 12 wherein the transition metal oxide is

selected from cobalt oxide and ferric oxide.

14.
A method of oxidising carbon monoxide or a hydrocarbon in the presence
of sulphur includes the step of catalysing the oxidation using a catalyst

according to any one of the preceding claims.

15.

A method according to claim 14 wherein the sulphur is sulphur dioxide.

gy WG
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with the cobalt oxide spinel. The titanium di oxi de was :added as the oxi de. *-
to the catal yst, ‘'whilst the nol ybdenum-oxi de was produced in situ. The -.:,"",
catalytic effectiveness in the catal ytic oxidation of carbon nonhoxide and
hydrocarbons (HC) was tested and the results thereof are set out in Table
1. TABLE Il Effect of MoG3 on Catal yst Regisst-ance to SO err] CO oxidation

(%9 Tenperature[err]C Rt[err] 200 300[err} 400[ err]
Sanmpl e P1 (w t hout) 60 90 100 100 Sampl e P2

~(wi t hout) 5&T/USSS§%§375 disclBles ; cé%?l?@ lSoﬁg glgglhb 82
95 100 'e P4 Ti errz 8 | 100
100 Test condltF8W§r191n§t@a39r§Fa?BPBE§ ewbéFchﬁya regpagbory Gﬁs

conposi tion: i%oC@andcotxiter hhviNg Apspésed ¥hePESAULE, 1east one
noble metal component’selécted from the group consisting.
of platinum, palladium, rhodium, ruthenium and iridium
and'having dispersed thereon an overlayer comprising at
least one oxygen storage component and a second support
which is a refractory inorganic oxide.

GB-A-2006038 discloses a catalyst system comprising a
support and a catalyst material including platinum
and/or palladium carried 6n'the support, characterised
in that the support also carries molybdenum in an amount.:
of at least %% by weight, based on the weight of the
support, and not less than 7 times the weight of the
platinum and/or palladium.
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D157 ] pmsqerr] bal ance N err]. The detrimental effect of SO[err] on the.--.

;cétalyst I-n the absence of TiJerr]/MJerr] is nost noticeable at | ower- -
§tenperatures . -7- * CLAIMS 1. A catalyst for use in catalysing the
§OX|dat|on of carbon nonoxi de and hydrocarbons conprising an oxi de support
fconprising zirconi um oxide, cerium oxide g_.a m-xture thereof, present in
~an amount of at |east 50% by nmass of thé €atalyst, having captured thereon
- gold and a.transition metal oxide, the gold being conplexed with the
~transition netal oxide, and an oxide of .titani'um

‘The ratio of noble metal to transition metal, when present, in the catalyst,
can vary over 2 wide range. Generaily, the atomic ratio of noble metal to

the trapsition metal will not exceed 1:100. 7

The catalyst, when it contams both a noble metal and a trapsition metal _
oxide, may be made by the method described n PCT/GB 95/00136. The
method mvo!_vcs impregnating the oxide support with a solution of the
transition metal, Optiona!ly drying the product, exbosiug the impregnated
product (0 a reducing atumosphere such as hydl"og;:n or carbon monoxide at
a tempemturé exceeding 300°C, impregnating the thus treated product with
a solution of the noble metal and drying the impregnated pfoduct. The
catalyst may be activated by exposing it to a temperature of at least 300°C,
typically 300 to 700°C, in the pres;cnce of oxygen. The oxygen may be air

or oxygen mixed with another gas.

The invention will now be illustrated by the followiné
examples. In each case, the samples were prepared in
‘duplicate containing the stated compositions. The '
comparé.tive samples were pr’eparéd in a similar manner but

without a stated component(s).

Y\ catalyst was produced using the method genefa!ly disclosed in
PCT/GB 95/00136 and comprised 0,5% gold, 9,5% cobalt, 80% zirconium
oxide/cerium oxide and 10% titanium dioxide, all _percentages Leing by
mass. The cobalt was in the form of cobalt oxide having a spinel structure,
and the gold was in assoclauon, ie, complexed with the cobalt oxide

“spinel. In producing the catalyst the titanium dioxide was added as the

oxide to the catalyst

.
!l
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akone or as a mixture W th nofybdenum oxi de, such- oxide or nixture being .-
present in an anoi y mass of -the catalyst. 2- A catakyst T
dccording to ck :ﬂmlmmm,mmnigm i de of titaniumor mixture thereof withe’
mol ybdenum oxi de. i g -pitesentnirs anount of up to about 10% by mass of the
catalyst. 3. A.catalyst according to any oné of _the precedi ng cLai ns
wherei n the oxi-geagMgport is provided in finely particulate form 4. A
cat al yst accordlng to any one of the preceding clains wherein the surface
area of the oxide support is of the order of 80 to-200n{[err]/g. 5.A

cat al yst accord ng.t & aﬁyaémstoforhESprenedahglysangsthheonldathenoafde

support conpri'sggrgoll ¥bHb%18E and hydrocarbons: comprlslng an oxide
' up“o:t compr1s1ng zirconium ox1de, cerium oxide or a

ure thereof, present in an amount of at least 50% by
. 's”of the catalyst, having captured thereon gold and a
fltrannltlon metal oxide, the gold. belng complexed with
the tranSLtlon metal oxlde, .and ‘an. oxide of titanium,
"ialone or as a mixture with molybdenum oxide, such oxide

'jo .mlxture being present in an amount of up to 15% by

-mass of the catalyst.

tléfz'“A catalyst according to claim 1 wherein the oxide
ﬂof tltanlum or mixture thereof with molybdenum oxide is
.present in an amount of up to about 10% by mass of the
”catalyst

3A“Catalyst according to any one-of the preceding
>] _ms wherein the oxide support is provided in flnely
‘par'lculate form

4. A catalyst according to any one of the preceding
c1aims wherein the surface area of the oxide support is
of the order of 80 to 200m’/g.

l“catalyst'according to any one:of the preceding
'iyﬁherein the oxide support comprises a mixture of
fium and cerium oxide, the cerium oxide '
';;utinguat least 50 g'by mass of the mixture.

6. A catalyst accordlng to any one of the preceding
clalms wherein the transition metal oxide has a splnel
.structure '

7Qﬁ“ﬁA catalyst according to any one of the preceding
el . wherein the transition metal oxide is selected

AMENDED SHEET |
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zi rconi um and ce“ﬂmw mﬂuﬂnﬁ' erium oxi de constituting at | east- 50 %-by
‘mass of the mxt: ﬂst according to any one of the precedlng,
tl ai ms, wherejn. the fransﬂtldn fret al oxide has a spinel structure. 7.7A°
catalyst accordi:ng to any .one of the preceading clains wherein the
transition netal oxide i's selected: -8- fromcobalt oxide and ferric
oxide. 8. A FEPRoBoBRLExPHLde AR aF el froveld®le or a hydrocarbon in the
presence of sulphur |nclud|ng the step of catalysing the oxidation using a
cat al yst :

'8}“ A method of ox1dlslng carbon monoxide or a
fhydrocarbon in the presence of sulphur including the
;step of cata1y51ng the oxidation u31ng a catalyst

'accordlng to any one of the precedlng ‘claims.

aa,w A method accordlng to claim 8 whereln the sulphur
is. sulphur dlox1de

 AMENDED SHEET
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according to any one of the preceding clains. 9. A nmet hod accordi ng f%?""lpﬁg'

cl aim 8 wherein the sul phur is sul phur dioxide.
] PhuL. P anneres
PCT - WORLD lnmnm‘emx‘.i &Iﬁ)}ﬁl‘!lkng ORGANIZATION
INTBRNATI_ONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification 6 : (11) International Pubication Number: WO 97/45192

BO1D 53/94, 53/86, BO1J 23/68, 21/06 Al

(43) lnternatlom'il_ Pu'bl!cntlon Date: 4 December 1997 (04.12.97)

(21) International Application Number: PCT/GB97/01446 | (81) Deslgnated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
. BY,'CA,:CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE,
(22) International Filing Date: 28 May 1997 (28.05.97) GH, HU IL, IS, JP, KE, G, KP, KR, KZ, LC, LK, LR,
LS; LT; LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ,
) PL; PT, RO, RU, 8D, SE, 8G, SI, SK, T3, T™™, TR, TT,
’ (30) Priority Data: UA, UG, UZ, VN, YU, ARIPO patent (GH, KE, LS, MW,
96/4315 28 May 1996 (28.05.96) ZA Z::UC B ,
RU TJ..’I‘M) ‘Buropean patent (AT BE, CH, DE, DK, ES,
F1, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI paten
(71) Applicant (for all designated States except 1S): ANGLO (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD,
AMERICAN RESEARCH LABORATORIES (PROPRI- TG) _
ETARY) LIMITED [ZA/ZA}, 44 Maln Street, Johannesburg .
2001 (ZA).
. Published:
. {71)(72) Applicant and Inventor (for IS only): TUMILTY. James, | With international search report.
g T Anthony, Jude [GB/ZAJ; 7B First Avenue, Rivonia, Sandton
: Tal 2128 (ZA). '

(72) Inventors: GRIGOROVA Bojidara; 52 Morsim Road, Hyde
Park, Sandton 2196 (ZA). PALAZOYV, Atanas; 15 Pitchford
Road, Northcliff, Johannesburg 2195 (ZA). MELLOR,
John; 22 Bedford Avenue, Craighall Park, Johanmesburg
2196 (ZA). GAFIN, Anthony, Harold; 64 Fir Road,
Glenhazel, Johannesburg 2192 (ZA).

(74) Agent: TOWLER, Philip, Dean; Frank B. Dehn & Co., 179
Queen Victoria Street, London EC4V 4EL (GB).

.| (54 Titte: OXIDATION CATALYST

. %.-A catalyst for use in catalysing the oxidation of carbon monoxide and hydrocarbons which comprises an oxide support having captured
thereon a noble metal in catalytically effective form. The catalyst is characterised by the presence of an oxide of titanium, molybdenum or
a mixture thereof.




