WO 97/ 45192 PCT/ GB97/ 01446 OXI DATI ON CATALYST BACKGROUND OF THE | NVENTI ON
This invention relates to a catal yst. PCIT/GB 94/00321 di scl oses a catal yst
for use in the oxidation of carbon nonoxide and hydrocarbons which )
conprises a porous alum na support having captured thereon a conplex . .
conprising goY¥?" 4 ¥ransition netal selected from cobalt Hd'HRIHGHALse,
and the alum na, the concentration of gold on the support being | ess than
2 percent by mass of the catalyst, and the atomc ratio of gold to
transition nmetal being in the range 1:30 to 1:200. O these catalysts, the
preferred catal yst is one which has cobalt as the transition netal. The
alumna is said to have a | arge surface area, typically 80 to 400n2/g.
PCT/ GB 95/ 02566 di scl oses a catal yst conprising an oxi de support selected
from zi rconi um oxi de, cerium oxi de and m xtures thereof having captured
thereon a noble netal in catalytically effective form Preferably the noble
netal is gold and there is also present a transition netal oxide having a

spinel structure, e.g. cobalt oxide o i i with the gold being
associated with the transition netal g&@%ﬁd"ﬁ'ﬁ%"?i‘% alyst is also suitable

for catalysing the oxidation of carbon nonoxi de and hydrocarbons and al so
reduci ng hazardous nitrous oxides *ACTI ON* SUBSTI TUTE SHEET ( RULE 26)
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BACKGRO ¥ THE INVE
This invention rclates to a catalyst.

PCT/GB 94/00321 discloses a catalyst for use in the oxidation of carbon
monoxide and hydrocarbons which comprises a porous alumina support
having captured therzon a complex comprising gold, a transition metal
selected from cobalt and manganese, and the alumina, the concentration of
gold on the support being less than 2 percent by mass of the catalyst, and
the atomic ratio of gold to transition metal being in the range 1:30 to 1:200.
Of these cartalysts, the preferred catalyst is one which has cobalt as the
transition metal. The alumina is said to bave a large surface area, typically
80 to 400mY/g.

PCT/GB 95/02566 discloses a catalyst comprising an oxide support selected
from zirconium oxide, cerium oxide and mixrures thereof having caprured
thereon a noble metal in catalytically effective form. Preferably the noble
metal is gold and there is also present a transition metal oxide having a
spinel structure, e.g. cobalt oxide or ferric oxide, with the gold being
associated with the uansition metal oxide. This catalyst is also suitable for
catalysing the oxidation of carbon monoxide and hydrocarbons and also
reducing hazardous nitrous oxides
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*$59159* WO 97/ 45192 PCT/ GB97/ 01446 2 SUMVARY OF THE | NVENTI ON A cat al yst
for use in catalysing the oxidation of carbon nonoxi de and hydrocarbons
whi ch conprises an oxide support having captured thereon a noble netal in
catalytically effective form is characterised by the presence of an oxide
of titani UM #1Ydenum or a mixture thereof. The present@V/CBY/{4€ oxi de of
titani um 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
thereby significantly inproving the sul phur tolerance of the catalyst,
particularly at |ow tenperature. Further according to the invention, a

nmet hod of oxi di sing carbon nonoxide -or -a hydrocarbon in the presence of

sul phur includes the step of catalysing the oxidation using a catalyst as
descri bed above. DESCRI PTI ON OF EMBODI MENTS The oxi de of titanium or

nol ybdenum or m xtures thereof will typically be provided in an anount of
up to about 15weMiARY. OFeIBEINVENTION about 10 percent, by mass of the
catal yst. The oxide will generally be provided in finely particulate form
and have a large surface area, e.g. have a surface area of the order of 80°
to 200n2/g. 'nAtJA@alfs@tfall >A§et iPtathiP@ing méeehumbn b BarBe Gfondiat iah@ni um and/ or
mol ybdenum nmy be produced in situ, i.e. the nmetal included in the

catal yst whi crmdsocactmw«hwécfomn@%ad@xmrsmmmrharvglgf@pwmd| thereet 2 on

activation of lliory?e ﬁl@{aﬂrycsﬂa'lytlcally effective form, is characterised by the presence

of an oxide of titanium, molybdenum or a mixture thereof. The presence

of the oxide of titanium or molybdenum or a mixture thereof has the effect
of stabilising the catalyst 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 sulphur 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 particulate form and have a large 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 situ, i.e. the metal included in the catalyst which is
converted to oxide form during formation or on activation of the catalyst,

or it may be added to the support oxide, as the oxide.



or it my be added to the support oxide, as the oxide. WO 97/45192

PCT/ (B97/ 01446 3 The catalyst is preferably one wherein the oxide support
is zirconiumoxide, ceriumoxide or a mxture thereof present in the

catal yst in an anmpunt of at |east 50 percent by nass of the catal yst. Wen
the support YhP%4s a nixture of these two oxides, the C&TIGRYBYAGe wil |
generally constitute at |east 50 percent by mass of the m xture. The oxide
support may also be other types of oxide, e.g. alum na. The noble netal
will generally be gold, platinum palladium rhodiumor silver, with gold
being the preferred noble netal. The concentration of the noble netal wl|
generally be low, i.e. less than 2 percént by mass of the catalyst.
Preferably the noble nmetal concentration is of the order of 0,1 to 0,5
percent by mass of the catalyst. The catal yst preferably also contains a
transition metal in oxide form The transition netal oxide preferably has
a spinel structuae cﬁxlambé prsfecdbly dmeavmmihdmormteahppmi idesconfing bxifler m spi net
structures are coba en the
nobl o metal 1o goRiim pREe BF aptifEd sttt i s AT RO phfle i on

met al oxi de havi ngstas pero&it byt rass tofirtke amlyito Whhbﬁ:hhet hpor®lcOmpfisesassoci at ed,

e.g. conpl exed. The oxide support, w |l oro nd abeto capture as
nuch of the nobl E“xﬂﬁﬁt%\fwsreé%qul“{fﬁ Wﬁtcﬁﬁlurg ﬂe?é‘ﬁ’ﬁ é§°?§8§"§$b‘l e. The

oxi de support shqukdso B&M@:% rhat§ G€ R HikbiraC ETIRY Bddedsupp&s tak! aso Beypi cal |y
80 to 2002/ g. The oxid
other types of oxide, e.g. alumina.

The noble metal will generally be gold, platinum, 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 catalyst. Preferably the noble metal concentration

is of the order of 0,1 to 0,5 percent 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 having a spinel structure and to which the gold is

associated, e.g. complexed.

The oxide support will be porous and 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 as possible, typically 80 to 200m?/g. The oxide
support may take any suitable form such as a monolith, an extrudate,

pellets, rings, pearls or preferably a powder.



support may take any suitable formsuch as a rmnollth & ‘
pellets, rings, pearls or preferabl ngO A ET HA! ENN338 $VH
~- REPLACED WD 97/ 45192 PCT/ GB97/ 0 Z 86 Y |of| K239 8VHetal O}
transition netal, when present, in 5 ED  ca ary OVer a w de
range. Gen\!Pa?V’l“V”the atomc ratio of nobI e netal to thBCUGBNI60N net al
w Il not exceed 1:100. The catalyst, when it contains both a noble netal
and a transition netal oxide, may be nmade by the nethod described in

PCT/ GB 95/00136. The nmethod involves inpregnating the oxide support wth a
solution of the transition nmetal, optionally drying the product, exposing
the inpregnated product to a reduci ng4at nosphere such as hydrogen or
carbon nonoxi de at a tenperature exceedi ng 300C, inpregnating the thus
treated product with a solution of the noble nmetal and drying the

i npregnated product. The catalyst may be activated by exposing it to a

t enper at ur e of The rdtieastnoBR0;tal tbyplnmabrl me&OONlnam preea, in metdaalypr esence of

o om e Tt EYen s wleranedy GoPHY. P b S IRE RS e B e | A

catal yst was pihedtiasition el “hhaonatcbaﬂl .gemeral |y disclosed in PCT/GB
95/ 00136 and conprised 0,5% gold, 9,5%cobalt, 80% zirconium oxide/cerium
oxi de and 10%titani um di oxi de, all percentages being by

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 oxide 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, impregnating the thus treated product with
a solution of the noble metal and drying the impregnated product. The
catalyst may be activated by exposing it to a temperature of at least 300°C,
typically 300 to 700°C, in the presence of oxygen. The oxygen may be air

or oxygen mixed with another gas.

The invention will now be illustrated by the following examples.

EX LE 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% titanium dioxide, all percentages being by
mass. The cobalt was in the form of cobalt oxide having a spinel structure,
and the gold was in association, i.e. complexed, with the cobalt oxide
spinel. In producing the catalyst, the titanium dioxide was added as the

oxide to the catalyst.



mass. 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
spinel. In producing the catalyst, the titanium di oxi de was added as the
oxide to the catal WO 97/ 45192 PCT/ GB97/01446 5 The catalytic

ef f ecti venes¥ 0ot/ P%é catalyst in the oxidation of carbon RfERGBPUY4nd
hydr ocarbons (HC) was tested at various tenperatures and the results
thereof are set out in Table 1. TABLE | Effect of TiQ2 on Catal ytic
Activity Conversion Tenperature C:' Rt ::200 300 400 .: 500 CO.:.. HC CO
HC COHC CO HC COHC -Sanmple 1 (with 70 78 53 92 22 100 78 100 95 100
96 Sanple 2 (with T10 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 (without) 57 44 77 18
100 72 100 88 100 96 Test conditions: steady state Space velocity: 60 000
h Gas conposition: 1% CO 0,9% 02, 700 ppm HC, 2% npisture, 15 ppm SQ2,
bal ance N2. Tirge QQW[lcCleﬂEctB/fsﬁeectonile TéatLysprie s cexidatioh hef eabead yti

conposition is nost noticeable at |ower ter’rgerat ur es.
monoxide and hydrocarbons (HC) was tested at various temperatures and

the results thereof are set out in Table 1.

TABLE 1

Effect of TiO, on Catalytic Activity

: Conversion (% . _
1.200° . 300° | c0400°% 0| -500°
Cn e CO.| HC | CO HC: | -CO:+| HC [:CO. { - HC.
Sample 1 (with TiQ,) 78 53 92 221 100 78 | 100 85| 100 96
Sample 2 {with TiQ,) 89 58| 100 38{ 100 791 100 98 | 100 98

Temperatu

Sample 3 (without) 50] 39| 72| 12| 98| 70| 100| 87| 100]| 95
Sample 4 (without) 57 44 77 18 100 72 100 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 SO,, balance N,.

The beneficial effect of TiO, presence in the catalytic composition is most

noticeable at lower temperatures.
EXAMPLE 2

A catalyst was produced using the method generally described in
PCT/GB 95/00136 and comprised 0,5% gold, 9,5% cobalt, 80% zirconium
oxide/cerium oxide, 9,5% titanium dioxide and 0,5% molybdenum oxide,
all percentages being by mass. The cobalt was in the form of cobalt oxide

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



EXAMPLE 2 A catal yst was produced using the nethod generally described in
PCT/ (B 95/00136 and conprised 0,5%gold, 9,5% cobalt, 80% zirconium
oxi‘de/ ceri um oxi de, 9,5%titani um di oxi de and 0, 5% nol ybdenum oxi de, all
percent ages being by mass. The cobalt was in the formof cobalt oxide
having a spiE(5 ’g{‘r ucture, and the gold was in associati SRT/GBIEN4onpl exed,
WO 97/ 45192 PCT/ GB97/01446 6 wth the cobalt oxide spinel. The titanium
di oxi de was added as the oxide to the catalyst, whilst the nolybdenum
oxi de was produced in situ. The catalytic effectiveness in the catalytic
oxi dation of carbon nonoxi de and hydrocarbons (HC) was tested and the
results thereof are set out in Table.ld.. TABLE Il Effect of MbQ3 on

Cat al yst Resistance to SO2 CO oxidation (% TenperatureC Rt 2000 3000
4000 Sanple P1 (without) 60 90 100 100 Sanple P2 (w thout) 57 87 100 100
Sanpl e P3 Ti 02/ MoG3 82 95 100 100 Sanple P4 Ti 02/ M3 79 92 100 100 Test
condi tions: st@agliheSdoBAIEoxIBASHN €I TRE Itfidhiur® QidARA »hascﬁﬂﬁecp&rmé)%kf‘dkon 1 %CO

0,9% 02, 700 ppm HC, 2% noi sture, 15 ppm SO2, bal ance
to the catalyst whilst the molybdenum oxide was produced in sztu

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 1I
Effect of MoQO, on Catalyst Resistance to SO,

CO oxidation (%)
Temperature°C Rt° 200° 300° 400°
Sample P1 (without) 60 90 100 100
Sample P2 (without) 57 87 100 100
Sample P3 TiO,/MoO; 82 95 100 100
Sample P4 TiO,/MoO, 79 92 100 100
Test conditions: steady state
Space velocity: 60 000 h

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

The detrimental effect of SO, on the catalyst in the absence of TiO,/MoO,

is most noticeable at lower temperatures.



The detrinental effect of SO2 on the catalyst in th Ha§§g e,HF—T 27Vb03
is nost noticeable at | ower tenperatures. TH S SHE ' | L\ CED
WO 97/ 45192 PCT/ GB97/01446 7 CLAIMS 1. A catal ysg_for U§e“PﬁDcatalysing
t he oxi dation of_ carbon nonoxi de and hydr ocarbons conprising an_oxi
support havi PP ¥%5%r ed thereon a noble” netal in catal yti c"éﬁ(r;ﬁ’é/f’*‘é‘&tl ve
form characterised by the presence of an oxide of titanium nolybdenum or
a mxture thereof. 2. A catalyst according to claim1l wherein the oxide of
titaniumor nol ybdenum or mxture thereof is present in an anount of up to
about 15 percent by nmass of the catalyst. 3. A catalyst according to
claim1 wherein the oxide of titaniumor?7 nolybdenumor mixture thereof is
present in an anmount of up to about 10 percent by nass of the catal yst. 4.
A catal yst according to any one of the preceding clains wherein the oxide
is provided in finely particulate form 5.

CLAIMS

1.

A catalyst for use in catalysing the oxidation of carbon monoxide and
hydrocarbons comprising an oxide support having captured thereon a noble
metal in catalytically effective form, characterised 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 amount 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 claims wherein the oxide

is provided in finely particulate form.

5.
A catalyst according to any one of the preceding claims wherein the surface

area of the oxide is of the order of 80 to 200m*/g.



Atcatal yst according to any one of the preceding clai
area of the oxide is of the order of 80 to 200m/g. THI STPSSI%EWS
REPLACED WO 97/ 45192 PCT/ GB97/01446 8 - 6. A catal yst
of -t he precedi

ccor deEBLAGfDan; ;lje

cl ai ms wherein the oxide support conpriSgES ZIrconi um

oxi de, cerPﬁHﬁ@g?He or a mxture thereof, present in th&CE&BATAI446 i n an
| east 50 percent by mass of the <catalyst. 7. A catalyst
according to any one of the preceding clains wherein the oxide

anount of at

conprises a mxture of zirconium and cerium oxide,

support

the cerium oxide

constituting at |east 50 percent by mass of the mixture. 8. A catalyst
according to any one of the preceding &lainms wherein the noble
selected fromgold, platinum palladium rhodiumand silver. 9.

according to any one of the preceding clains which al so contains

netal is
A cat al yst
a

transition metal in oxide form 10. A catalyst according to claim9
wherein the tr@ansition netal oxide has a spinet structure.

A catalyst according to any one of the preceding claims wherein the oxide
support comprises 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.

7.

A catalyst according to any one of the preceding claims wherein the oxide
support comprises a mixture.of zirconium 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 wherein 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 oxide and ferric oxide.



11.. A catalyst according to claim9 or claim10 wherein the transition
netal oxide is selected fromcobalt oxide and ferric oxide. 1 WO 97/45192
PCF/ GB97/01446 9 12. A catalyst according to any one of clainms 1 to 7

wherein the noble netal is gold and there is also present_a tr psi%ion
metal oxi de WAVIAY®4 spine) structure, the gold being conptERBYWih tne
transition netal oxide. 13. A catalyst according to claim 12 wherein the

transition metal oxide is selected fromcobalt oxide and ferric oxide. 14.
A et hod of oxidising carbon nonoxide or a hydrocarbon in the presence of
sul phur includes the step of catal ysing the oxidation using a catalyst
according to any one of the preceding cl%i-ns. 15. A nmethod according to

cl ai m 14 wherein the sul phur is sul phur dioxide.

12.
A catalyst according to any one of claims 1 to 7 wherein the noble metal is
gold and there is also present a transition metal oxide having a spinel

structure, the gold being complexed with the transition 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.



