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OXIDATION C YS T TO S ATION
BACKGROUND OF E _INVENTION

The present invention relates to an oxidation.
catalyst which is resistant to sulfur oxides. In
particular; the present invention is directed to an
oxidation catalyst useful in purifying exhaust and waste
gases and, more specifically, to.an oxidation catalyst
capable of converting carbon monoxide and hydrocarbons to
carbon dioxide and water with high efficiency even in the
presence of sulfur oxides.

The present invention also relates to a process for
converting carbon monoxide and hydrocarbons such as
contained in exhaust or waste gas streams to carbon
dioxide and water even vhen the exhaust or waste gas
streams contain sulfur oxide components. The invention is
also directed to a process for converting sulfur dioxide
to sulfur trioxide using the novel sulfur-resistant
oxidation catalyst of the present invention.

Hydrocarbon and CO abatement in various waste and
exhaust gas streans may be accomplished by reacting the
waste or exhaust gas with air over a platinum-containing
catalyst. Typically used at present is a catalyst similar
to the auto exhaust catalyst which is comprised of
platinum supported on alumina supports or alumina-
containing supports which are often deposited over a
ceramic honeycomb. Such catalysts are effective oxidation

- catalysts and deactivation of such catalysts are minimal

when the waste or exhaust gas is devoid of sulfur oxides,
to be referred to as SO,, including SO,. However, the
exhaust and waste gases of many industrial operating
systems including those cogenerating electricity and
stean whicﬁ\;fe powered with diesel fuel or refining gas
often contaih'up,gg“a few huqdred parts per million of
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5 It is known to use oxidation catalysts which contain
catalytic metals on refractory oxide supports other than
alumina. Thus, supports comprising silica, titania,
zirconia and mixtures of these oxides are known and such
supports including the binary and ternary mixtures of the

10 above oxides are known to be resistant to So,.
Unfortunately, it is also known that it is difficult to
anchor a precious metal such as platinum on a silica
support; The weak interaction between silica énd precious
metals results in severe precious metal sintering at very

15 moderate conditions drastically reducing the surface area
and, thus, activity of the precious metal catalyst.
Moreover, although titania and zirconia interact with
precious metals to sighifieantly.reduce sintering of the
precious metal, the high initial surface area of both

20 zirconia and titania (anatase) is drastically reduced
after calcination at 500°C. The loss in surface area of
zirconia and titania at typical reactive oxidation
conditions is unfavorable inasmuch as the loss in surface
area results again in the sintering of the precious metal

25 and deactivation of the catalyst.-

Accordingly, it is an object of the present
invention to provide an effective carbon monoxide
oxidation catalyst. ' , .

It is another object of the present invention to

30 provide an effective carbon monoxide oxidation catalyst
which is stabilized against deactivation at the elevated
temperatures of reaction.

It is another object of the present invention to
provide an effective carbon monoxide oxidation catalyst

35 which is stabilized against deactivation by the presence
of SO,.
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Yet another object of the present invention is to
utilize a sulfur-resistant carbon monoxide oxidation
catalyst in a process for purifying waste and exhaust gas
streams of hydrocarbons and carbon monoxide.

Yet still another object of the present invention is
to provide a process for effectively oxidizing SO, to SO,
in the presence of a stabilized oxidation catalyst.

S OF E X ON

In accordance with the present invention, an
oxidation catalyst is provided which is resistant to
deactivation by sulfur oxides and which is useful in the
oxidation of carbon monoxide and hydrocarbons such as is
present in waste and exhaust gas streams which further
contain SO,. The catalyst of this invention is also useful .
in oxidizing SO, to S0,.

The catalyst of this inventicn_comprises'refractory
silica particles which have been coated with titania,
zirconia or mixtures thereof and upon which coated silica
particles contain a Group VIII precious metal including
but not limited to platinum, palladium and rhodium. The
coated particulaﬁe catalyst is then coated on a ceramic
honeycomb support as a washcoat for use. An important
feature of the invention is the coating of titania or
zirconia on the refractory silica particles. In
accordance with this invention, the titania and zirconia

~coating is achieved by adding a titanium or zirconium

salt to coat and/or impregnate the silica particles, and
calcining in air to convert the metal salt to the
respective oxide. The precious metal is subsequently
added to the coated silica by known means. Alternatively,
the precious metal can be applied to silica particles
which have been coated with titania or zirconia
precursors, i.e., precipitated Ti or Zr salts, that will
be converted to the respective oxides during calcination
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. catalysts for t | | esel exhausts. Such catalysts are effectivy, . 52=1
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- waste or exhaust gas is devoid of sulfur oxidess 4o be referred to as :
!'sderr], including SJerr] However, the exhaust and wast-e gases of many
“industrial operating systens including those cogenerating electricity and

st eam whi ch are povafter vhe presipus petal isfapphdedasTofbEAngonssi Rfughe

to a few hundred pagd€aPpst !l 1tiRAsObeen found that the coating of titania
or zirconia stabilizes the silica against sintering and
provides a surface where precious metal sintering is
5 minimized. Moreover, it has been found the silica
stabilizes the titania or zirconia coating against
sintering at elevated temperatures. The washcoat of
coated silica particles on the honeycomb is advantageous
inasmuch as the precious metal is dispersed throughout
10 the thickness of washcoat layer.
F OF WIN
Figure 1 is a graph illustrating the 800°C heat-agéd
‘ stability of silica, zirconia and mixtures thereof.
. Figure 2 is a graph illustrating the two hour heat-
; 15 aged stability of silica relative to mixtures of titania
' and silica. .

Figure 3 is a graph illustrating the 2% platinum
dispersion on the catalyst of this invention relative to
the amount of zirconia added to the silica support.

20 Figure 4 is a graph comparing SO, oxidation using the
catalysts of this invention relative to a catalyst
i comprising 2% Pt/Sio,.
% . Figure 5 is a graph illustrating the effectiveness
of the catalyst of this invention in oxidizing CO upon
25 aging of the catalyst with SO, compared to the
- effectiveness of a standard commercial catalyst.
' DETAILED DESCRIPTION OF THE INVENTION
The oxidation catalyst of the present. invention
: finds its preferred use in oxidizing carbon monoxide and
é 30 hydrocarbons contained in exhaust and waste gas stréams
for conversion to C0O, and water and wherein the waste and
) exhaust'gas streams contain sulfur oxide compounds (SO,).
The catalyst of this invention is particularly useful in
purifying exhaust gas from cogeneration units. In the
35 catalyst of this invention, the alumina refractory base
typically used in commercially available oxidation
catalysts'is replaced with silica which is stabilizgd by

the addition of titania or zirconia to yield a base which
E e e
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- 2- SJeri]. Under reaction conditions, SOerr] oxidizes ) ahi ch
in turnp @é’ét’bnﬁﬂth alumna to formal um num sul fate and, thﬁ;ﬁgﬁ%gg‘?s t he

alum na- contai ning oxi dation catalystsd mactive. It is known to use

oxi dation catalysts which contain catalytic metals on refractory oxide

supports other than alum na. Thus, supports conprising silica, titania,
can effectively anchor the preciocus metal component and

is resistant to SO, degradation and deactivation. In view
of the SO, resistance of the catalyst of thls invention,
the catalyst can also be used to oxidize gaseous sulfur-
] containing compounds to SO,, SO, or mixtures thereof which
has particular importancé in various commercial
applications involving the formation of sulfur-containing
compounds including sulfuric acid and in the formation of
various surface active-aéents. Moreover, oxidation of SO,

10 to SO, is valuable in cleaning exhaust and waste gas
streams of sulfur as the SO, is substantially easier to
remove than SO,. S
The silica substrate is in the form of a refractory
particulate having a sufficient surface area to be

15 catalytically active, e.g. > 10 m?/g, and is stabilized by
coating the refractory silica particulate with titanium
or zirconium oxide or a mixture thereof. The starting
materials for the zirconia and titania coating are
preferably in the form of metal salts which are coated

20 onto the particulate silica surface and which are then
converted to the oxide by calcination in an 0,-containing
gas such as ait.'Useful inorganic salts can include the
chlorides, nitrates and sulfates of the respective
metals. Organic acid salts such as the acetates,

25 oxalates, etc. are also uséful. Upon coating with the
metal salt, the coated silica is calcined at a
temperature typically above 500°C. Alternatively, the
source for the zirconia and titania coating can be
colloidal titania and zirconia. Further still, the silica

30 particlés can be slurried with a titanium or zirconium
salt solution as described above and then treated to
precipitate a titanium or zirconium oxide precursor salt
onto the surface of the silica prior to the addition of
the precious metal. The titanium and zirconium precursor

35 salt can be converted to the oxide subsequent to the
addition of the precious metal. In its broadest form,
this further alternative method involves the addition of
any titanium and zirconium compound which is a precursor

. > o Am
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. zirconia and m xtures_of these oxides are known and such supports i ' -
i the bigary and YVQ?%(FV% xtures of the above oxides are knosmg to belpé‘-ll}tc'g9%]023.‘2
. resistant to SJerr]. Unfortunately, it is also=-k@own that it is difficult
i to anchor a precious netal such as platinumon a silica support. The weak
i nteraction between silica and precious netals results in severe precious -
metal sintering at forytitapiat orc@daicondds andasbich IcpnrasRInding oxide can

surface area and, tRuS gopmblV briod tiPrididudl st laddiiti o] - s EQYeAt to

al though titani-a and zirconia i nteract, with precious netals to :
" significantly reducPTEFALES RETHL pRdifian And ANen AWHOG e i15eif the

surface area of bot kathigefi.a and titania (anatase) is drastically reduced
5 It is an important aspect of this invention that the
titania and zirconia addition to the silica be in the
form of coéting and/or impregnated into the silica. Thus,
methods of forming mixed gels or co-precipitates of
zirconia and/or titania with silica are not believed to
10 be sufficient to provide the improvements in catalyst
stability which have been found using the catalyst as
prepared by the coating processes as above described.
Thus, methods of co-precipitating or co-gelling titania
or zirconia with silica are not considered part of the
15 present invention.

To provide the improved heat stability and
resistance to SO, which has been found in the catalyst of
this invention, the titania and zirconia should comprise
greater than 5 wt.% of the stabilized silica. Coating

20 weights of 10 to 25 wt.% are preferred to sufficiently
provide the necessary stabilization. Coating weights
above 25% are not believed to provide any substantial
increase in stability although coating weights above 25%
can be used as no detriment in catalyst stability or

25 effectiveness is believed to occur at the higher coating
loadings. Coating weights of greater than § wt.% to 25
wt.% correspond to 0.17 ng/m? of BET surface area to 0.83
mg/m* of BET surface area.

~ Subsequent to the formation of the titania or

30 zirconia coating or precursor thereof on the silica

| particulate, the stabilized silica is coated with the
precious metal component. Useful precious meﬁals for the
oxidation catalyst of this invention include platinﬁm,
palladium, ruthenium, iridium, rhodium, or a mixture

35 thereof. The precious metal component can be added to the
stabilized silica by an impregnation method, a kneading
method or the like conventionally used method. A method
of impregnation is preferred. It is preferable to add the
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after calgl ' at 500[err]C. The loss in surface area of HGPEhFe2Pd
titani g 3169%':72% reactive oxidation conditions is unfavorable I'nasmich as

the loss in surface area results again i Thg sintering of the precious
| metal and deactivation of the catal yst. WO- A- 90/ 05579 di scl oses a

| process 101 bigeSudoire: Simahenl S RO TNBLAL AN SVEoop bope from
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~alumna.g  complexes of precious metals such as chloroplatinic acid,
platinum-amine complexes, as well as the chlorides and
nitrates of the various precious metals.

The catalyst of this invention containing the
precious metal dispersed upon the titania- or zirconia-

10 stabilized silica particulate itself is applied as a
layer or multiple layers of coated silica particles on a
carrier such as a refractory honeycomb carrier. Thus} the
catalyst is dispersed within a liquid wash coat which
then impregnates the honeycomb carrier by methods well

15 known in the art. This supported catalyst is preferred as
the precious metal is highly dispersed throughout the
washcoat and is not merely applied as a surface coating
that is more readily damaged and deactivated.
Alternatively, although not preferred, it is possible to

20 apply the zirconia stabilized silica as a wash coat on
the honeycomb carrier and then subsequently impregnate
the treated carrier with the precious metal component.

The coated particulate catalyst of this invention
may also be molded such as by a tableting method, an

25 _ extrusion method, a rolling granulated method and the
like conventionally_used'method to form a catalyst having
any desired shape such as cylinder, sheet, ribbing,
corrugated sheet, donut, grid, etc. such instances, if
desired, the catalyst of this invention can be supported

30 on well known carriers such as alumina, silica, silica-

awa 8.

alumina, bentonite, diatomaceous earth, silicon carbide,
titania, zirconia, magnesia, pumice and active carbon.
The stability of the present oxidation catalyst with
respect to both elevated temperature and contact with SO,
35 has been studied experimentally. While exact theories as
to how the improvements in stability have occurred cannot
be presented, empirical comparative results may be
illuminating. Thus, it has been found that the addition
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of 2r0, or TiO, to silica has a pronounced positive effect

rr] to

on stabilizing the Si0O, against sintering. Figure 1 shows
that the addition of 5% 2r0, to a silica surface resulted

~in a highly heat stable support. Thus, the surface area
.of the z'ro'z/sioz (¥2r0, = 5-25%) remained almost unchanged

after calcination for several days at 800°C. Similar
stabilization of silica was also found upon a TioO,
addition as shown in Fig. 2. - As further shown in Fiq. 1,
pure silica, on the other hand, lost more than 60% of its
surface area after 24 hours at 800°C. _
An important characteristic that differentiates the Tio,-
and 2r0,~ stabilized silica prepared by this invention vs
binary titania- and zirconia-silica compounds is the
stabilization of the 2r0, and TiO, phases by the silica in
the catalysts of this invention. The precise nature of
the interaction between Zr0, or TiO, and silica leading to
stabilization is not clear, however, an interesting
observation of the 2r0, and TiO, structure has been noted.
X-ray diffraction (XRD) of 2Zr0,/SiO, base as prepared by
this invention shows that the zirconia hroduced on the
silica surface yielded a diffraction pattern which
matched tetragonal zirconia (beta zirconia). The beta
phase is usually formed by calcining pure zirconia at
temperatures of 1000°C or higher compared to monoclinic
zirconia (baddeleyite) which is formed at lower
temperatures. Stabilization of the zirconia by silica
assures that the silica will remain covered with 2ro,,
thus, minimizing the interaction of the precious metal
such as platinum with the silica base. In the catalyst of
this invention, lower 2ro, loadings of 5 wt.% were
believed to be crystalline even though no XRD pattern was
observed. Typically, a diffraction pattern of zirconia
will on be observed if the 2r0, crystallites are in excess
of 40 A and; thus, smaller crystallites are beyond
detection. Accordingly, is believed that the zirconia at
the low 5 wt% level was highly dispersed with
é:ystallites smaller than 40 A. Binary zirconia silica
made by coprecipitation'or cogellation have no XRD



i - 3- Accordingly, it is an object of the present invention to g&gvige an
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{ the present invention to provide an effecgive carbon nonoxide oxidation

I catalyst which is stabilized agai nst deactivation at the el evated

i tenperatures of reaction. It is another object of the present

" invention tgaptey¥hdandn e aucte crrhe) sirTaddleconsigting ept al yst which
's stabilized againgt qeacti AL PYL NS PR o . S2E Ldpport
' . for precious metals resulting in severe catalyst
deactivation by precious metal sintering.

5 Similar observations have been found for titania-
stabilized silica formed in accordance with the present
invention. Titania (TiO,) in the anatase phase is stable
at temperatures less than 500°C.'Surprisinqu, it has
been found that TiO, supported on $iO, was present in the

10 anatase phase even after calcination in air at 900°C for
several hours. The average titania crystallite size,
measured by XRD, remained less than 40 A after . .
calcination at 500°C. This clearly indicates that the

. “titania, in the anatase phase, is highly dispersed and
15 stabilized by the silica. It is interesting to note that

Z the anatase titania is the least stable titania phase. On
; the contrary, a binary titania-silica prepared from a

3 cogel, with similar chemical composition, was completely
* amorphous with no titania XRD pattern. )

?20 - . The function of highly dispersed zirconia or titania
i

coating on the silica is to anchor the precious metal.
This minimizes precious ﬁetal sintering and, thus, allows.
the catalyst to retain high activity at reaction
conditions. Silica is a neutral support for precious
- 25 metals deposition. The weak interaction between Si0, and
precious metal results in severe precibus metal sintering
‘at very moderate conditions. On the contrary, Tio, and
2ro, interact with precious metals to significantly reduce
- precious metal sintering. A major problem, however, in
i 30 using zirconia or titania as a sole support for precious
' metals is the loss in support surface area at reaction
conditions. Both zirconia and titania (Anatase) have a
high initial surface area (100-150 m?/g), but surface area
decreases significantly after calcination at 500°C. The
35 loss in surface area of zirconia or titania at reaction
conditions, is unfavorable since such loss results in
| precious metal sintering.
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It is a further hj the present invention to provide an effecipyg 1=
oxi dati;on cat al y@p%f% can effectively oxidize gaseous sul fur-contai mL%%I/OJ.-
cohpounds to SO err], SO[err] or mxtures thereof10 = Yet another object

of the present invention is to utilize a sulfur-resistant carbon nonoxi de

oxi dation catalyst in a process for purifyin ste_and exhauyst S streans
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SHerr] to Serr] in_the esence of .a_stabiljzed.oxi.dation catal yst.

SUMVARY OF THE | NVEl\FF&Har?%mPnPEBESPB‘ﬁﬁc«?s\M"Iﬁ?ﬁrr’rg’eﬁr aboke i"r’r&@%e&ﬁe‘% to

the present invention is very favorable relative to

5 .reducing precious metal sintering. Covering the silica
surface with 2Zro, or TiO, is therefore essential for
higher precious metal dispersion and superior catalytic
performance. The extent of the silica surface covered
depends primarily on the preparation procedure as well as

10 on the amount of Tio, or 2r0, used. From CO chemisorption
experiments, a measure of Pt dispersion, on a 2%
Pt/2r0,/Si0, with varying amounts of 2ro0,, it was
cohéluded that the Pt dispersion increased significantly
as the 2r0, level was increased from 5 to 10% by weight

15 (Fig. 3). An increase in Pt dispersion was observed, but
to a lesser extent, as the 2r0, level was increased
between 10 and 25%. At the 25% level of 2r0O,, the silica
surface was covered with zirconia, consequently, the Pt
would have substantially been in contact with zirconia

20 and not silica. This resulted in effective dispersion of
the Pt after calcination at 500°C for several hours. On
the contrary, a binary support would have most of the
silica exposed which would result in much Pt being
anchored to silica. Pt anchored to a silica support

25 always leads to sintering and loss in metal dispersion
even at temperatures as low as 350-400°C. This is a
coﬁsiderably lower temperature than required to carry out
many chemical reactions. Pt anchored on a zirconia-
stabilized silica support, as per this invention, retains

30 small Pt crystallites even after calcination in air at
700°C.

Similar results were also observed for the titania-
stabilized silica catalyst (2% Pt/Tio,/Si0,) with Tio,
level at 15 and 30%. XRD pattern showed that the Tio,

35 . remained in the anatase phase with crystallites less than
60 A even after calcination at 700°C which indicates that
TiO, remained highly dispersed. The Pt crystallites on the
30% Ti0,/Si0, support, after calcination at 500°C, were
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oxi dation catalyst is provided which is resistant to deactlvatlg Qy,%ulfur
oxi des ,amDORM1G268 s useful in the oxidation of carbon monoxi B 0

hydr ocar bons such as are present in wasteignd exhaust gas streans which
further contain SJerr]. The catalyst of this invention is also useful in
oxidizing SOerr] to SOerr].

smaller than the detectability limit of the XRD,

indicating high dispersion, see Table 1. The Pt
crystallites on the 15% TiO,/Si0, support, calcined to
similar conditions (5005C), were measured at 50 A which

5 is still considerably well dispersed. Similar results
were observed from CO chemisorption measurements as
indicated in Table 1. Table 1 shows higher Pt diépersion
with increase in TiO, (0-30%) coverage of the SiO,
surface. The results clearly indicate that higher

10° coverage of the silica surface with TiO, or 2r0O, is more
favorable for better precious metal dispersion.

IABLE 1
- " CO Uptake Pt Cryst. Tio, Cryst.
15 Catalyst Calc.T (cc/qg) (XRD, A) . (XRD a)
i A . . 500 .07 150 NA
B . . 500 .41 53 *
: cC . . 500 .94 * 30
120
s Catalyst A = 2% Pt/sio,
{ Catalyst B = 2% Pt/15% Tio,/Ssio,
< Catalyst C = 2% Pt/30% Ti0,/Si0,

25 CO Uptake is a measure of exposed Pt surface. Higher
numbers indicate higher dispersion.

NA = Not applicable and .
* Below detection limits
30 '

The higher Pt dispersion on the zirconia- and
titania~stabilized silica, prepared according to the
present invention, also resulted in higher SO, conversion
in the S0, oxidation reaction. Conversion of S0, over 2

35 wt.% Pt/SiO, catalyst was initially very low and the
catalyst activity became nil in a short time on stream.
Oon the other hand, SO, conversion activity was
considerably increased using a 2 wt.% Pt catalyst (Fig.
4) due to addition of 25 wt.% 2ro0, or 25 wt.% TiO, to the
40 Sio, surface. '

The following examples further illustrate the
preparation and use of the catalyst of this invention.
The Examples-are to be construed as illustrative only and
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-4- In particular, the present invention provides a sulfur- ' -
| resistant oxi da\\p'lb?i/bMI yst cogpri sing silica particles, a coatind©¥F/US92/02372
titania or zirconia or a mxture thereof or precuapsers of sai d OX|des_on
said silica particles and at |east one precious metal supported on said
coated silica particles.

not for the purpose of limiting the scope of the

invention to only the embodiments shown therein.
EXAMPLE 1
: Preparation of Pt/T:LOz/SiozA catalyst was prepared by
' . 5 addlng 635 g of Tyzor LA (A titania compound from Dupont
; _ containing 14.2% TiO,;) to 410 g of silica particles
% (SYLOID 74 from Davison), mixing well for 1 hour followed
| by drying and calcination at 700°C. 54.3 g of Pt amine
salt was diluted with water to make approximately 8 g of
10 Pt solution. The TiO,/Si0, was mixed with the Pt solution
: and the Pt fixed on the catalyst by addition of an acetic
‘ acid solution. Water was then added to make a 30% solid
; T slurry and the slurry applied onto a honeycomb to give a
’ final product of 38 g of Pt/cu. ft. The catalyst was
15 dried and calcined at 500°C. This catalyst was identified
as Catalyst A.

© e e

EXAMPLE 2
Preparat:.on of Pt/CeO,/Al,0,
CeOZ[AJaos'was prepared by incipient wetness impregnation
20 of a cerium nitrate solution onto Al,0,. The support was
then dried and calcined at 700°C for 2 hours. The
preparation and deposition of the Pt/Ce0,/Al,0, catalyst
was similar to Example 1 and identified as Catalyst B.
Catalyst B had a composition similar to Catalyst A given
25 as 38 g of Pt/Ft’. of the honeycomb.
EXAMPLE 3
Catalysts A and B were tested fresh (virgin) for co
oxidation at several temperatures{ The CO concentration
¢ : was 250 ppm with a Gas Hourly Space Velocity of

4 . 30 600,000 hr*. The results of the test are given in
Table 2.
TABLE 2 -
co so,  Light $ CO conv @ (°C)
' 35 Ppm ppm  Off T(°C) 100 150 200 250
Cat A 250 0 120 45 58 @ 65 70

f Cat B 250 0 120 40 55 65 70

Light off temperature was measured as the minimum
40 temperature required to give 50% CO conversion.
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The present invention also provides a process for purifying a waste Qr
exhaust, WO92417268 m of car bon nonoxi de, hydrocar bons or bot h PGHESER023
wast e or exhaust gas stream al so conta+ng3Se err] conponents, conpr|5|ng

contacting said waste or exhaust gas streamw th an 02-containing gas at a
tenperature sufficient to . cause oxidation of said carbon nonoxi de and/or
hydrocarbomahﬂzi2rnl¢nr¥yeiadteabésatbatfhothrsskaﬂastsoxhsaeﬁon catal yst,

sai d oxi datd, Qi a4l Vsi;

zirconia or a mxture t

i

fP&TPréé{:f%E | i %8 H%?bﬁ-hﬁ eC%t

er eof ursors o sal OXId S

angg

ani a or
east one

preci ous maldHAedced SB‘PH

invention arw dBsensescn sspcess for

5

10

15

,,....“ l”... N .

30

35

o

EXAMPLE 4
Catalysts A and B were tested for CO oxidation in the
presence of 200 ppm of SO,. This experiment mimicked
cogeneration unit operation. The CO light off temperature
as well as the CO conversion at several reaction
temperatures is given in Table 3.

IABLE 3

Light Off
T (°C)

% CO Conversion
@ Temp. (°C)
100 150 200 250

"CO SO,
ppm  ppm

A 500,000 250 200

Catalyst GHSV

250 . 0 15 47 S0

B 500,000 250 200 >260 0 7 25 45

The non-alumina based support had lower light off
temperature as well as higher CO conversion at all
temperatures tested. This clearly indicates that in the
presence of SO,, the catalyst per'this invention is more
active than catalyst B in converting CO and is less
susceptible to sulfation. Alumina based catalyst sulfates
(forms aluminum sulfates) which results in catalyst
deactivation. |

EXAMPLE 5
Catalysts A and B were aged in SO, /steam at 950°F for 16
hours to determine the effect of sulfation on their
performance. The catalysts were aged for 16 hours in 2%
SO,, 88% air, and 10% steam. The catalysts were then
tested for CO oxidation in the absence of S0,. The results
in Table 4 clearly indicate that the Ti0,/Si0, based
catalysts have higher tolerance for the S0,/steam compared
to the alumina supported catalyst.
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-oxi di zi ng gaseous sul f ur - cont ai ni ng conpounds to S(err], Serr]

m xtures ther eof WAMR1786&g cantacting sai d gaseous sul fur- containi RGT/US92/023"

"cortpounds in an 02-containing gas at a tenperatwrggsufficient to oxidize

sai d sul fur-containing conpounds and in the presence of a sulfur-resistant

“oxidation catalyst, said catalyst conprising silica particles, a coating of

titania or zirconia or-a mxture thereof or pmms of sai d oxides and

at | east one precious netal -supported on said coat #g& tch es.
The present invention wll B«i g%ssrffbed W th r é g&a rnt,@
g )
preferred enbodi rrentéaégﬂgg?g (°C) 100 500 300
’ 5
140 45 52 55 57 60
':é 250 200 10 30 50 57 62
10 The CO conversion of the non-alumina based catalyst

(Pt/Ti0,/8i0,) resembled that of fresh catalyst. The
poisoning effect of the S0,/S0, on the alumina based
catalyst seemed to be permanent. On the contrary, the
Pt/Tio,/Si0, recovered most of its activity after aging in
15 the S0,/air/steam atmosphere. This may be related to the
acidic properties of the support that interacts weakly
with the S0, formed during aging. On the other hand,
alumina would sulfate and, thus, result in catalyst
deactivation.
20 - EXAMPLE 6
This was similar to Example 5 except that during testing
SO0, (200 ppm) were introduced with the CO feed. Results
‘are given in Table 5.
IABLE 5

2 co SO,  Light% CO Conve
Catalyst ppm ppn Off T 125 150 200 250
A 250 200 250 - 8 15 42 S0
20 B 250 200 270 © 8 25 a5
| EXAMPLE 7

35 This example illustrates the synthesis procedure for 2%
Pt/25% 2r0,/8io0,. _

330 g of zirconyl nitrate was dissolved in 480 ml of
hot water. 400 g of SiO, particles (SYLOID 74 from
Davison) were mixed with the zirconyl nitrate solution

40 for at least one hour to impregnate the silica. The
mixture was dried at 120°C for 16 hours and calcined at
880°C.

392 g of the 25% 2r0,/S8io, sizp_port was ﬁixed with 400

ml of Pt amine salt solution containing 8 g Pt (made by
This Sheet Has Been Replaced
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-5- ¢ The catal yst of this invention conprises refractory silica
parti cl.agowrirhiehave been coated with titania, zirconia or MGE/USETIZHEr eof
amd upon which coated silica particles thaye is supported a Goup VIII

precious netal including but not limted to platinum palladium and
rhodi um The

diluting 54.3 g of Pt amine salt (% Pt = 14.73) solution
with 400 ml of water). 40 ml of acetic acid were added
during mixing for 2 hours. A slurry of this catalyst was
prepared by mixing the wet cake éatalyst above with 400
5 ml of water (solid content . = 33%). The slurry was ball
milled for 19 hours and then applied to 200 cells/in,
honeycomb (6x6x3 inches_honeycbmb) so that the finished
coated honeycomb had a Pt pick-up of 41 g of Pt per ft,.
_ Fig. 5 shows the CO conversion of the above catalyst
10 after exposure to SO,. The standard commercial catalyst
' used was catalyst B above. As can be seen, the catalyst
of this invention had a substantially higher activity '
than the alumina-containing catalyst.
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coated particul ate catalyst is then coated on a ceram c honeyconb support
as '‘a washcoat fwQe2M7268 inportant feature of the invention is thePCTaAUSY02372
; ofs titania or zirconia on the refractory silica %rtlcles I n accordance
with this invention, the titania and zirconia coating is. achi eved by addi ng
a titaniumor zirconiumsalt to coat and/or inpregnate the silica
particles, and calcining in air to convert the netal salt to the respective
oxi de. The precious netal is subsequently added t GhisBkeediaBeg)
known nmeans. Alternatively, the precious netal can
- particles which havwgrLlres; coated with titania or zi ,H

precipitated Ti or Zr salts, that wll

S|I|ca
ors, i.e.

1. A sulfur-resistant oxidation catalyst comprising
silica, a coating of titania or zirconia or a mixture
thereof or precursors of said oxides on said silica and
at least one precious metal supported on said coated

M s W N e

silica.

2. The catalyst of claim 1 wherein said titania or
zirconia coating is present in amounts of from at least
5 wt.% based on said coated silica.

1 3. The catalyst of claim 1 wherein said titania or
2 zirconia coating is present in amounts of at least about
-3 10 wt.% based on said coated silica.

4. The catalyst of claim 3 wherein said titania or
zirconia coating is present in amounts of at least about
10 to about 25 wt.% based on said coated silica.

5. The catalyst of claims 1, 2 or 3 whereln said silica
is in the form of a silica particile.

6. The catalyst of claim 5 wherein said titania or
zirconia coating is applied as a titanium or zirconium
salt which is calcined in an oxygen-containing gas to
form the respective metal oxide.

B WO e

7. The catalyst of claims 1, 2 or 3 wherein said titania
or zirconia coating is applied as a titanium or zirconium
salt which is calcined in an oxygen-containing gas to
form the respective metal oxide.

& WO

=

8. ?he catalyst of claims 1 or 6 or wherein said precious
2 metal is platinum.

* [ L M s . *
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be converted to the gsm@nhssam@xldaé during calcination after the precious
met al iss WOR2/ EIR68r d he catalyst. It has been P&TAHSIHARIFhe
- coating of titania or “l ilizes2he silica against sintering and
provi des a surface mh |ous nmetal sintering is mnimzed. Moreover,
it has been found the silica stabilizes the titania or zirconia coating
agai nst 1si nger angulif ud-sestisstarmridation Gatalpstcoonpoisingtad silica

s i opdr so<EAPAIRHESERAT L UM, GHBMRLS rdSeBECT 010 L o

DESCRI P3| ONcontaimipmantdcles of @ikica jeoated wh hlty‘éﬂ!m.@@ t he 800C
. heat - aggd . zirconia or a mixture thereof or a precursor of said

s oxides and at least one precious metal supported on said
6 coated silica particles. .

1 10. The catalyst of claim 9 wherein said titania or
2 zirconia coating is present in amounts of from at least
3 5 wt.% based on said coated silica.

11 1l. The catal}st of claim 9 wherein said titania or
zirconia coating is present in amounts of at least about
10 wt.% based on said coated silica.

Y 1

12. The catalyst of claim 11 wherein said titania or
zirconia coating is present in amounts of at least about
10 to about 25 wt.% based on said coated silica.

W N

13. The catalyst of claims 9, 10 or 11 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an O,-containing gas

Y .qu.n'u w [T

W N =

to form the respective metal oxide.

14. The catalyst of clalm 13 whereln said precious metal
is platinum. '

15. A process for purifying waste and exhaust gas steams
of carbon monoxide and/or hydrocarbons wherein said
exhaust and waste gas stream also contains SO, components,
cbmprising contacting said waste and exhaust stream with
an 02-containing gas at a temperature sufficient to cause
oxidation of said carbon monoxide and hydrocarbons and in
the presence of a sulfur-resistant oxidation catalyst,
said oxidation catalyst comprising silica coated with
titania or zirconia or a mixture thereof or precursors of
said oxides and at least one precious metal supported on
said coated silica.

O 0 N 60 0 b W N

o
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d stabijgty of silica rel (ﬂq%spymvz

g re 3 is a graph illustrating the
2%.pl ati num di spersion on the catalyst of this invention relative to the
anount of zircani a wEldeshd prduess lof ackafpols .wherein said titania or

2 zirconia coating is present in amounts of from at least
3 5 wt.% based on said coated silica. -

'stability of silica, Z|rc6ﬁ €d( her eof . Figure 2 is
graph j Il ust ratWﬁlﬁZ/h‘é‘ZﬁBV\D
m.xtures of titania and si

17. The process of claim 15 wherein said titania or
zirconia coating is present in amounts of at least about
10 wt.% based on said coated silica.

1  18. The process of claim 17 wherein said titania or
2 zirconia coating is present in amounts of at least about
3 10 to about 25 wt.% based on said coated silica.

1 .19. The process of claims 15, 16 or 17 wherein said
silica is in the form of a silica particle.

20. The process of claim 19 wherein said titania and
zirconia coating is applied as a titanium or zirconium
salt which is calcined in an O,-containing gas to form the

e W e

réspective metal oxide.

21. The process of claims 15, 16 or 17 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an 0O,-containing gas

oW N

to form the respective metal oxide.

=

22. The process of claims 15 or 20 wherein said precious
metal is platinum.

N

23. A process for purifying waste and exhaust gas steams
of carbon monoxide and/or hydrocarbon wherein said
exhaust and waste gas stream also contains SO, components,
comprising contacting said waste and exhaust stream with
an O,-containing gas at a temperature sufficient to cause
oxidation of said carbon monoxide and hydrocarbon and in
the presence of a sulfur resistant oxidation catalyst,
said oxidation catalyst comprising a ceramic honeycdmb
coated with a catalytic washcoat containing particles of
silica coated with titania or zirconia or a mixture
thereof or precursors of said oxides and at least one
precious metal supported on said coated silica particles.
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- 6- Flgure 4 1s a graph conpari'ng S err] oxidation using the

f t tal yst conpri si Y .-
o & ovoyteritisd AIDARTIIMRDINE s Sect ot /5 Eherer seRbtSouensse ¢
catalyst of this inwenttioh ih okidizing CO upon aging of the catalyst with

SJerr] conpared to the effectiveness of a standard comerci al catal yst.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The oxi dation catalyst of the
presentli nveht i Bhe process of claim 23 wherein said titania or

2 zirconia coating is present in amounts of from at least
3 5 wt.% based on said coated silica.

1 25. The process of claim 23jwherein said titania or
2 zirconia coating is present in amounts of at least about
3 10 wt. based on said coated silica.

1 26. The process of claim 25 wherein said titania or
2 zirconia coating is present in amounts of at least about
10 to about 25 wt.% based on said coated silica.

w

27. The process of claims 23, 24 and 25 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an O,-containing gas

- W e

to form the respective metal oxides.

-

28. The process of claims 23 and 27 wherein said precious
metal is platinum.

~N

29. A process for oxidizing gaseous sulfur-containing
compounds to SO,, SO; or mixtures thereof comprising
contacting said gaseous sulfur-containing compounds in an
O,-containing gas at a temperature sufficient to oxidize
said sulfur-containing compounds and in the presence of a
sulfur-resistant oxidation catalyst, said catalyst
comprising silica, a coéting of titania or zirconia or a

- mixture thereof or precursors of said oxides and at least
one precious metal suppérted on said coated silica.

. “" .““ TR S

IDM\IG\UI-bUNil-‘

yor e

-

30. The proéess of claim 29 wherein said titania or
zirconia coating is present in amounts of from at least
3 5 wt.% based on said coated silica.

N

1 31. The process of claim 29 wherein said titania or
2 zirconia coating is present in amounts of at least about
3 10 wt. based on said coated silica.

is Sheet Has Beenllﬂilaced




- watel and wherein the waste and exhaust gas strea ( _
+ compounds (SO err]). The catalyst of this invention is particularly useful

an

finds its preferred use in okidizing carbon nonoxi de and hydrocarbons ) )
contai ped i n exhdMO2&7a68\ast e. gas streans for co%éer_m on to CJ err] PEHASI2/023"
contain sul fur oxide

in purifying EXhi‘UStBﬂaSTﬁEOBEBEGQer%t bQth\”btlswhE'} d«J}P é‘ﬂ@'ﬁﬁan‘a{ i s
|nvent|0n t he al um ha r ef ractory base typ| cal use N comMmercl a

avai | abl e oxi datfon &3¥gPPipscpratipg EeHrﬁﬁFﬁ‘ts |1In| @mapntsh 9k ak d-lﬁﬂﬁtz@dDOUt

by the addition ®f tibatbaabbuti 603t Bagedl BndsAdTe cHHEEd G ica.
effectively anchor the precious netal conmponent and is resistant to SO err]

_degradatlon and geac%nf?%hgnproce%gegfoél%g%ssggerr] reS|%Fa%é%é¥hté;id

catal yst of this™inv
silica is in the form of a silica partlcle.

34. The process of claim 33 wherein said titania and
zirconia coating is applied as a titanium or zirconium
salt which is calcined in an 0,-containing gas to form the
respective metal oxide.

& W N R

3s. The'process of claims 29, 30 or 31 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an 0,-containing gas
to form the respective metal oxide.

L ™ N R

[

36. The process of claims 29 or 34 wherein said precious
metal is platinum.

N

37. A process for oxidizing SO, to SO, comprising
contacting said SO, in an O,~containing gas at a
temperature sufficient to oxidize said S0, and in the
presence of a sulfur resistant oxidation catalyst, said
catalyst comprising a ceramic honeycomb coated with a
catalytic washcoat containing particles of silica coated

- with titania or zirconia or a mixture thereof or
precursors of said oxides and at least one precious metal
supported on said coated silica particles.

W 0 3 G U & W N

38} The process of claim 37 wherein said titania or
zirconia coating is present in amounts of from at least
3 5 wt.% based on said coated silica.

N
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the catalyst can al so be used to oxidize gaseous sul fur- containing
conpoun(isotgq;ﬁﬂs[err] Sderr] or mxtur thereof which has PGVt B82M10232

i mpoftance in various conmercial applicatTons involving the formation of

sul fur-cont ai ni ng conmpounds including sulfuric acid and in the formati on of
vari ous surface active agents. Moreover, oxidation of SOerr] to SQerr] is

valuable 1 5qc! Gy g&lo%@@%f Uh #7 AP el cagRactiuhiur ofs the SQerr]

i s subgtantlally edsier to renove than err he silica substrate is in
the for2m ofixqosdn GRALANH S &H%ﬁ%‘qﬁa’w r@“‘%’-‘%ﬁ?f?ér-@ﬁt 1eapradboltea to be

cat al ytg callgy @Gl \Hasedl ®n salill "dedttdd sibi¢lal s stabilized by coating the
refractory silica particulate with titanium

40. The process of claim 39 wherein said titania or
zirconia coating is present in amounts of at least about
10 to about 25 wt.% based on said coated silica.

[N ]

41. The process of claims 37, 38 or 39 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an O,-containing gas

F O P I S

to form the respective metal oxides.

42. The process of claim 41 wherein said precious metal
is platinum.

LS I

43. The process of claim 37 wherein said SO, is present in

an exhaust or waste gas stream which is contacted with
said ceramic honeycomb.
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prefeEbly in the formof netal salts which are coated onto the partlcul ate

silicd surface and which are then converted to the oxi de by RGI/ASI{GBT i n
an qxerrY‘Q‘th‘?ﬁ i ng gas such as air. eful i norgani ¢ salts can include
the chiorides, nitrates and sul fates of espect ive netals. Organic acid

salts such as the acetates, oxal ates, etc are al so useful. Upon coating
with the netal salt, the coated S|I|ca |s caIC| ned at- a tenperature

typi cally above 500[err] C. Aternativel y ce for the zirconia and
titania coating can be colloidal "titania and rcom a. Further still, the
silica particles @39 WTh & ZTTCO
as descri bed above and then treated to
' 03f .
< 0.25 .
~
8 .
- 0.2} .
°
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.g 0.I5+ h
E
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preci pitate a titaniumor zirconium oxide precursor salt onto the surface
of the,si lwp®»2pr72é8 to the addition of the precious nmetal. Thedl/taa2Meiand
ziw ¢8ni um precursor salt can be converted to_the oxide subsequent to the
addition of the precious netal. Inits bﬁoddét form this further
alternative nethod involves the addition of any titanium and zirconium
conpound which is.a precursor for titania or zirconia and which

. correspondi ng oxide can be formed prior to precious netal addition,

. Subsequent to precious netal addition and even during the use of the

* catal yst. It is an inportant aspect of this invention that the

Fig. 5
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CO Conversion, %
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OXIDATION C S T _TO SULFATIO
BACKGROUND O E INV N

The present invention relates to an oxldatlon
catalyst which is resistant to sulfur oxides. In
particular, the present invention is directed to an
oxidation catalyst useful in purifying exhaust and waste
gases and, more specifically, to.an oxidation catalyst
capable of converting carbon monoxide and hydrocarbons to
carbon dioxide and water with high efficiency even in the
presence of sulfur oxides. _

The present invention also relates to a process for
converting carbon monoxide and hydrocarbons such as
contained in exhaust or waste gas streams "to carbon
dioxide and water even when the exhaust or waste gas
streams contain sulfur oxide components. The invention is

"also directed to a process for converting sulfur dioxide
to sulfur trioxide using the novel sulfur-resistant
oxidation catalyét of the present invention.

Hydrocarbon and CO abatement in various waste and
exhaust gas streams may be accomplished by reacting the
waste or exhaust gas with air over a platinﬁmécontaining
catalyst. Typically used at present is a catalyst similar
to the auto exhaust catalyst which is comprised of
platinum supported on alumina supports or alumina-
containing supports which are often deposited over a _
ceramic honeycomb. Such catalysts are effective oxidation
catalysts and deactivation of such catalysts are minimal
when the waste or exhaust gas is devoid of sulfur oxides,
to be referred to as SO,, including SO,. However, the
exhaust and waste gases of many industrial operating
systems including those cogenerating electricity and
steam which are powered with diesel fuel or refining gas
often contain up to a few hundred parts per million of

/ .
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- 8- To provide the inproved heat stability and resistance to SO err]
whi ch has been found in the catalyst of this invention, the titania and
zirconia should conprise greater than 5 w.% of the stabilized silica.
Coating weights of 10 to 25 wm.%are preferred to sufficiently provide the
necessary stabilization. Coating weights - 2 - '

SO,. Under reaction conditions, S0, oxidizes to S0, which
in turn reacts with alumina to form aluminum sulfate and,
thus, renders the alumina-containing oxidation catalysts
inactive. '

It is known to use oxidation catalysts which contain
catalytic metals on refractory oxide supports other than
alumina. Thus, supports comprising silica, titania, _
.zirconia and mixtures of these oxides are known and such
supports including the binary and ternary mixtures of the
above oxides are known to be resistant to So,.
Unfortunately, it is also known that it is difficult to .
anchor a precious metal such as platinum on a silica
support. The weak interaction between silica and precious
metals results in severe precious metal sintering at very
moderate conditions drastically reducing the surface area
and, thus, activity of the precious metal catalyst.
Moreover, although titania and zirconia interact with
precious metals to significantly reduce sintering of the
precious metal, the high initial surface area of both
zirconia and titania (anatase) is drastically reduced
after calcination at 500°C. The loss in surface area of
zirconia and titania at typical reactive oxidation
conditions is unfavorable inasmuch as the loss in surface
area results again in the sintering of the precious metal
and deactivation of the catalyst..

-Accordingly, it is an object of the present
invention to provide an effective carbon monoxide
oxidation catalyst.

It is another object of the present invention to

- provide an effective carbon monoxide oxidation catalyst
which is stabilized against deactivation at the elevated
temperatures of reaction.

It is another object of the present invention to
provide an effective carbon monoxide oxidation catalyst
which is stabilized against deactivation by the presence
of SO,. i

This is the replacement sheet
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above 25% are not believed to pfovide any substantial increase in stability
al t hough coating weights above 25% can be used as no detrTmmm&almsE&m éd
stability or effectiveness is believed to occur at the hlg%ﬂ

sur

| oadi ngs. Coating weights of greater than 5 wt.%to 25 w
0.17 mg/nmferr] of BET surface area to 0.83 Bgfnjerr] of BE ace area
Subsequent- to the formation of the titania or zirconia coating or precursor

thereof on the silica particulate, the stabilized silica.,is coated - with the
preci ous metal conpbheht .2 L%‘t‘f*tﬂeﬁo R ik Gfetthies Presentec 15YRASLPHN tRat al yst
of this inventppgvide! ance nfext Hemoyinld tidiniBavallyseniviichi cagi um rhodi um:

or a mxture effectlvely oxidize gaseous sulfur-containing compounds
to SO,, SO, or mixtures thereof.

Yet another object of the present 1nventlon is to
utilize a sulfur-resistant carbon monoxide oxidation
catalyst in a process for purifying waste and exhaust gas
streams of hydrocarbons'and carbon monoxide.

Yet still another object of the present invention is
to provide a process for effectively oxidizing S0, to SO,
in the presence of a stabilized oxidation catalyst.

SUMMARY OF THE INVENTION

In accordance with the present invention, an
oxidation catalyst is provided which is resistant to
deactivation by sulfur oxides and which is useful in the
oxidation of carbon monoxide and hydrocarbons such as is
present in waste and exhaust gas streams which further
contain SO,. The catalyst of this invention is also useful
in oxidizing SO, to SO0,.

The catalyst of this invention comprises refractory
silica particles which have been coated with titania,
zirconia or mixtures thereof and upon which coated silica
particles contain a Group VIII precious metal including
but not limited to platinum, palladium and rhodium. The
coated particulate catalyst is then coated on a ceramic
honeycomb support as a washcoat for use. An important
feature of the invention is the coating of titania or
Zirconia on the refractory silica particles. In
accordance with this invention, the titania and zirconia
coating is achieved by adding a titanium or zirconium
salt to coat and/or impregnate the silica particles, and
calcining in air to convert the metal salt to the
respective oxide. The precious metal is subsequently
added to the coated silica by known means. Alternatively,
the precious metal can be applied to silica particles
which have been coated with titania or zirconia
pPrecursors, i.e., precipitated Ti or 2r salts, that will
be converted to the respective oxides during calcination

This is the replacement sheet
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t her eof . The preci ous netal conponent can be added to the_stabi '%ﬁ91 k&ﬁa
by an inpregnation nethod, a kneading nethod or the |ike m H“
dd

used nethod. A method of inpregnation is preferred. It is
the precious netal conponent on the stabilized silicain a

about 0.1 to 3% by weight based on the wei §ht of the catalyst. As startlng
nate[lals for"the precious netal conponent, there can be used salts and
conpl exes of precious netals such as chl oropl.atjnic at | m ne
conpl exes, asRiR8y Whe BRETIN: |”&ﬁsaslarﬁf rﬁﬂ‘ﬁé‘t gs% dt%%égga'?%%uépg%% ous

met al s. daeanpstl yBt hds theen i fowand |mu:miteauqmamgnghefpte‘émy% met al
dlspersed upoR. tAE A Al earff) ZdS Pl silica ‘against sintering and

provzdes a surface where precious metal 51nter1ng is

minimized. Moreover, it has been found the silica
stabilizes the titania or zirconia coating against
sintering at elevated temperatures. The washcoat of
coated silica particles on the honeycomb is advantageous
inasmuch as the precious metal is dispersed throughout
the thickness of washcoat layer.

BRIEF S ON_ OF E_DRAWINGS

Figure 1 is a graph illustrating the 800°C heat-aged
stablllty of silica, zirconia and mixtures thereof.

_ Figure 2 is a graph illustrating the two hour heat-
aged stability of silica relative to mixtures of titania
and silica.

Figure 3 is a graph illustrating the 2% platlnum
dispersion on the catalyst of this invention relative to
the amount of zirconia added to the silica support.

Figure 4 is a graph comparing SO, oxidation using the
catalysts of this invention relative to a catalyst |

- comprising 2% Pt/Sio,.

Figure 5 is a graph illustrating the effectlveness
“of the catalyst of this invention in oxidizing CO upon
aging of the catalyst with SO, compared to the
effectivenéss of a standard commercial catalyst.

DETAILED DESCRIPTION OF THE INVENTION

‘The oxidation catalyst of the present invention
finds its preferred use in oxidizing carbon monoxide and
hydrocarbons contained in exhaust and waste gas streams
for conversion to CO, and water and wherein the waste and
exhaust gas streams contain sulfur oxide compounds (SO,.) .
The'catalyst of this invention is particularly useful in
purifying exhaﬁst gas from cogeneration units. In the
catalyst of this invention, the alumina refractory base
typically used in commercially available oxidation
catalysts is replaced with silica which is stabilized by
the addition of titania or zirconia to yield a base which
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stabilized silica particul ate itself is applied as a Iayer or mul tip

| ayers of coated silica particles on a carrier such as |"I "Inre

fioneyconb carrier. Thus, the catalyst is dispersed mnthln
can effectively anchor the precious metal component and

en Replaced

coat which - _ -5 =

-

is resistant to SO, degradation and deactivation. In view
of the SO, resistance of the catalyst of this invention,
the catalyst can also be used to oxidize gaseous sulfur-
containing compounds to SO,, SO; or mixtures thereof whlch
has particular importance in various commercial _
applications involving the formation of sulfur-containing
compounds including sulfuric acid and in the formation of
various surface active agents. Moreover, oxidation of SO,
to SO, is valuable in cleaning exhaust and waste gas
streams of sulfur as the SO, is substantially easier to
remove than SO,.

The silica substrate is in the form of a refractory
particulate having a sufficient surface area to be
catalytically active, e.g. > 10 m?/g, and is stabilized by
coating the refractory silica particulate with titanium
or zirconium oxide or a mixture thereof. The starting
materials for the zirconia and titania coating are
preferably in the form of metal salts which are coated
onto the particulate silica surface and which are then
converted to the oxide by calcination in an 0,-containing
gas such as air. Useful inorganic salts can include the
chlorides, nitrates and sulfates of the respective - |
metals. Organic acid salts such as the acetates,
oxalates, etc. are also useful. Upon coating with the
metal salt, the coated silica is calcined at a
temperature typically above 500°C. Alternatively, the
source for the zirconia and titania coating can be
colloidal titania and zirconia. Further still, the silica
particles can be slurried with a titanium or zirconium
salt solution as described above and then treated to
precipitate a titanium or zirconium oxide precursor salt'
onto the surface of the silica prior to the addition of
the precious metal. The titanium and zirconium precursor
salt can be converted to the oxide subsequent. to the
addition of the precious metal. In its broadest form,
this further alternative method involves the addition.of
any titanium and zirconium compound which is a precursor
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9 then inpregnates the honeyconb carrier by met hods wel | ¥?
This supported catalyst is preferred as the precious netal

no, [

1 en R
di spersed throughout the washcoat and is not nmerely appli edrlﬁvﬁﬁ rHHH
coating that is nore readily damaged and deéactivated. Alter ,
al t hough not preferred, it is possible to apply the zirconia stabilized
silica as a sh cpat pn the honeyconb carri.er and_then sequent |
i mpregnate t °¥r§é¥%ﬂ1%a?¥i€+rﬁf¥ﬁatﬁggpyé&Fgu§°ﬁ§?3?°8§#§8n§#??g €an The
coated parti chéatermed apyior ototpreciousnmetalmagditsonhesnbsequentcitcas by
a tabl eting anQQQOugnmetal addition and even during the use of the

catalyst. '

lI

It is an important aspect of this invention that the
titania and zirconia addition to the silica be in the
form of coating and/or impregnéted into the silica. Thus,
methods of forming mixed gels or co-precipitates of
zirconia and/or titania with silica are not believed to
be sufficient to provide the improvements in catalyst
stability which have been found using the catalyst as
prepared by the coating processes as above described.
Thus, methods of co-precipitating or co-gelling titania
or zirconia with silica are not considered part of the
present invention. _

To provide the imprbvgd'heat stability and
resistance to SO, which has been found in the catalyst of
this invention, the titania and zirconia should comprise
greater than 5 wt.% of the stabilized silica. Coating
weights of 10 to 25 wt.% are preferred to sufficiently
provide the necessary stabilization. Coating weiéhts
above 25% are not believed to provide any substantial
increase in stability although coating weights above 25%
can be used as no detriment in catalyst stability or
effectiveness is believed to occur at the higher coating
loadings. Coating weights of greater than 5 wt.% to 25
wt.$ correspond to 0.17 mg/m’ of BET surface area to 0.83
ng/m®> of BET surface area.

Subsequent to the formation of the titania or
zirconia coating or précursor thereof on the silica
particulate, the stabilized silica is coated with the
precious metél component. Useful precious metals for the
oxidation catalyst of this invention include platinum,
palladium, ruthenium, iridium, rhodium, or a mixture

' thereof. The precious metal component can be added to the
stabilized silica by an impregnation method, a kneading
method or the like conventionally used method. A method
of impregnation is preferred. It is preferable to add the
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ext rusi on met hod, a rolling granul ated nethod and the |i ke conventionally

used method to forma catalyst having any desired '@E Eﬂmmp‘ﬁiﬂiinder,
s, if '
H “ known

‘sheet, ribbing, corrugated sheet, donut, grid, etc. iﬁ
desired, the catalyst of this invention car? be supp
carriers such as alumna, sillica, silica- alumna, bentonite, diatonmaceous
earth, silicon carbide, titania, zirconia, nmagnesia, pumce and active

~ car bon. fhecious| netal otompengnts Ont thei §5abdA 128M0aS3iddca t _dspect

to both el evajpduLenBEr fF4 CaB8GCONLARL Wit BySUelghk basedeeh nyli ed
experinmental ly. Wiile exact theories as to how the inprovenents .in -
stability hav%eb%EEr?%th%dﬁﬁFabgsBreéénﬁgﬂF%éﬁﬁiPP&gglegﬁp iR results
may be precious metal component, there can be used salts and
complexes of precious métals such as chloroplatinic acid,
platinum-amine complexes, as well as the chlorides and
nitrates of the various precious metals.
The catalyst of this invention containing the
precious metal dispersed upon the titania- or zirconia-
stabilized silica particulate itself is applied as a
layer or multiple layers of coated silica particles on a
carrier such as a refractory honeycomb carrier. Thus, the
catalyst is dispersed within a liquid wash coat which
then impregnates the honeycomb carrier by methods well
known in the art. This supported catalyst is preferred as
the precious metal is highly dispersed throughout the
washcoat and is not mefely applied as a surface coating
that is more readily damaged and deactivated.
Alternatively, although not preferred, it'is possible to
apply the zirconia stabilized silica as a wash coat on
- the honeycomb carrier and then subsequently impregnate
the treated carrier with the precious metal component.
The coated particulate catalyst of this invention
may also be molded such as by a tableting method, an
extrusion method, a rolling'granulated method and the
like conventionally used method to form a catalyst havinéx
any desired shape such as cylinder, sheet, ribbing,
corrugated sheet, donut, grid, etc. such instances, if
desired, the catalyst of this invention can be supported
on well known carriers such as alumina, silica, silica-
alumina, bentonite, diatomaceous earth, silicon carbide,
titania, zirconia, magnesia, pumice and active carbon.
The stability'of the present oxidation catalyst with
respect to both elevated temperature and contact with'so,
has been studied experimentally. While exact theories as
to how the improvements in stability have occurred cannot
be presented, empirical comparative results may be
illuminating. Thus, it has been found that the addition
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TidJerr] to silica has a pronounced positive effect on stablh
SiJerr] against sintering. Figure 1 shows that the addition of m ll
a silica surface resulted in a highly heat &table support Thus

surface area of the Zr(Jerr]/Si(Jerr] (%ZrC{err] 5-25% renalned al nost
unchanged aftéer calcination for several days at 800C § stab ié%tion
of silica was®4l 5% o%dTbBbﬁ:%lsﬁ 3, fias i H PERRWBGA ﬂ°?—+élvﬁ e

f ]thrt her shomchnsEamli,zlmr &hel lsuoa aqambe etkaerfmm Figuremr shtdwmn 60%
of its surface_ are hour.s 8 0[ C.
characterlstlﬁhPﬁa Fﬁ%ﬁé&ﬁﬂ"&ﬁgs % 51110gﬂ§ﬁ£f§& resulted

in a highly heat stable support Thus, the surface area
of the 2r0,/Si0, (%2r0, = 5-25%) remained almost unchanged

illumnating. Thus, it has been found that the addition of ZrCI iyr

after calcination for several days at 800°C. Similar
stabilization of silica was alsoc found upon a TiO,
addition as shown in Fig. 2. As further shown 'in Fig; 1,
pure silica, on the other hand, lost more than 60% of its
surface area after 24 hours at 800°C.

An important characteristic that differentiates the TiO,-
and 2r0,- stabilized silica prepared by this invention vs
binarf titania- and zirconia-silica compounds is the"
stabilization of the 2rO, and TiO, phases by the silica in
the catalysts of this invention. The precise nature of
the interaction between 2r0, or TiO, and silica leading to
stabilization is not clear, however, an interesting
observation of the 2r0O, and TiO, structure has been noted.
X-ray diffraction (XRD) of 2r0,/Si0, base as prepared by
this invention shows that the zirconia broduced on the
silica surface yielded a diffraction pattern which
matched tetragonal zirconia (beta zirconia). The beta
phase is usually formed by calcihing pure zirconia at
temperatures of 1000°C or higher compared to monoclinic
zirconia (baddeleyite) which is formed at lower
temperatures.'stabilizatidn of the zirconia by silica
assures that the silica will remain covered with Zro,,
thus, minimizing the interaction of the precious metal
such as platinum with the silica base. In the catalyst of
this invention, lower 2rO, loadings of 5 wt.% were
believed to be crystalline even though no XRD pattern was
observed. Typically, a diffraction pattern of zirconia
will on be observed if the 2r0O, crystallites are in excess
of 40 A and, thus, smaller crystallites are beyond
detection. Accordingly, is believed that the zirconia at
the low 5 wt% level was highly dispersed with
crystallites smaller than 40 A. Binary zirconia silica
made by coprecipitation or cogellation have no XRD
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pattern and have much of the surface consisting of
exposed silica. Exposed silica acts as a.poor support.
for precious metals resulting in severe catalyst
deactivation by precious metal sintering. '

Similar observations have been found for titania-

e

stabilized silica formed in accordance with the present
invention. Titania (Ti0,;) in the anatase phase is stable
at temperatures less than 500°C. Surprisingly, it has
been found that TiO, supported on SiO, was present in the
anatase phase even after calcination in air at 900°C for
several hours. The average titania crystallite size,
measured by XRD, remained less than 40 A after
calcination at 500°C. This clearly indicates that the
titania, in the anatase phase, is highly dispe:sed and
stabilized by the silica. It is interesting to note that
the anatase titania is the least stable titania phase. On
the contrary, a binary titania-silica prepared from a
cogel, with similar chemical composition, was completely
amorphous with no titania XRD pattern.

The function of highly dispersed zirconia or titania
coating on the silica is to anchor the precious metal. '
This minimizes precious metal sintering and, thus, allows
the catalyst to retain high activity at reaction
conditions. Silica is a neutral support for precious
metals deposition. The weak interaction between sio, and
precious metal results in severe precious metal sintering
at very moderate conditions. On the contrary, Tio, and
' 2r0, interact with precious metals to significantly reduce
precious metal sintering. A major problem, however, in
using zirconia or titania as a sole support for precious
metals is the loss in support surface area at reaction
éonditions. Both zirconia and titania (Anatase) have a
high initial surface area (100-150 m?/g), but surface area
decreases significantly after calcination at 500°C. The
loss in surface area of zirconia or titania at reaction
conditions, is unfavorable since such loss results in
precious metal sintering.
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and ZrJerr]- stabilized silica prepared by this invention vs bi na
titania- and zirconia-silica conpounds is the stabilizati.on &his
Ti O2 phases by the silica in the catalysts of this invention,

n Reythced
nature of the interaction between ZrJerr] 38r=TiJerr] and si | ﬂ Hﬁﬁﬁi
to stabilization is not clear, however, an interesting observation of the
Zr2 and Ti ® structure has been noted. X-ray diffractio %ﬁiﬁ'ﬁ%
Zrqerr]/Sigerr] PeexetRrer cFAVedIHg thes siadeat P&ﬁ' 1%he

zi rconi a .pr odgegpl @MméfL1 SbkidadssBabhc asy izebd e@lrarﬂo{fﬂﬁinq)rtrwttern whi ch
mat ched tetragonal zirconia é ata zirc nlg& B eta h e | s usyal a/
formed by cal EFPPRE2ELPR BFPES Pﬁeantgﬁﬁ Abgre2PsY ﬁﬁﬁ??ﬁ Ht%Gher
conpared to nEnecptesént invention is very favorable relat1ve,to

reducing precious metal sintering. Covering the silica
surface with 2r0, or TiO, is therefore essential for

higher precious metal dispersion and superior catalytic
performance. The extent of the silica surface covered
depends primarily on the preparation prdqedure as well as

on the amount of Tio, or 2Zr0, used. From CO chemisorption
experiments, a measure of Pt dispersion, on a 2%
Pt/2r0,/Si0, with varying amounts of 2ro0,, it was
concluded that the Pt dispersion increased significantly
as the 2r0, level was increased from 5 to 10% by weight
(Fig. 3). An increase in Pt dispersion was obserﬁed, but
to a lesser extent, as the Zr0, level was increased
between 10 and 25%. At the 25% level of Zroz,.the silica
surface was covered with zirconia, consequently, the Pt
would have substantially been in contact with zirconia .
and not silica. This resulted in effective dispersion of
the Pt after calcination at 500°C for several hours. On
the contrary, a binary support would have most of the
silica exposed which would result in much Pt being
anchored to silica. Pt anchored to a silica support
always leads to sintering and loss in metal dispersion
even at temperatures as low as 350-400°C. This is a
considerably lower temperature than required to carry out
many chemical reactions. Pt anchored on a zirconia-
stabilized silica support, as per this invention, retains
small Pt crystallites even after calcination in air at
700°C. '

Similar results were also observed for the titania- -
stabilized silica catalyst (2% Pt/TiO,/SiO,) with TiO,
level at 15 and 30%. XRD pattern showed that the TiO,
remained in the anatase phase with crystallites less than
60 A even after calcination at 700°C which indicates that
TiO, remained highly dispersed. The Pt crystallites on the
30% Tio,/Si0, support, after calcination at 500°C, were
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zirconi a (baddel eyite) which is formed at |ower tenperatures. Stabili zat-i-on
of the zirconia by silica assures that the sil iT@H EH*‘S lagefl ered with

ZrJerr], thus, mninmzing the interaction of th ﬁlﬁﬁmlhl such as
n, |ower

~platinumwi th the silica base. In the catldl yst o
ZrJerr] loadings of 5 w.% were believed to be crystalline even though no
XRD pattern was observed. Typically, a diffraction pattern of zirconia wll
on be obsersmaliért tbafr ther dpteckabdlitedipiE i9f SR&IRBf 40 [err] (4nm

d, thus, ek 5 abl it - ion. i .
ggl i eveg_st hgga%hge%laﬁyﬁaah Hiebedsd diy @Ek dmilexd ivn. THe@e dingly, is

crystalli tegryﬁpﬂé,it;%gh%4%thfepl%’g %{%0%In%\rllgéa%l\ego%l?ggg%ﬁgggger sed with
similar conditions (500°C), were measured at 50 A which
is still considerably well dispersed. Similar results
were observed from CO chemisorption measurements as
 jndicated in Table 1. Table 1 shows higher Pt dispersion
with increase in TiO, (0-30%) coverage of the SiO,
surface. The results clearly indicate that higher
coverage of the silica surface with TiO, or Zro0, is more

favorable for better precious metal dispersion.

IABLE 1
CO Uptake Pt Cryst. TiO, Cryst.

Catalyst Calc.T (cc/qg) (XRD, A) (XRD A)

A . - 500 .07 ._ - 150 NA

B . « 500 .41 53 *

c . . 500 C .94 * 30
Catalyst A = 2% Pt/sio;,
catalyst B = 2% Pt/15% Tio,/SiO,

Catalyst C = 2% Pt/30% TiO,/Sio0,

CO Uptake is a measure of exposed Pt surface. Higher
numbers indicate higher dispersion.

NA = Not applicable and
* = Below detection limits

The higher Pt dispersion on the zirconia- and
titania-stabilized silica, prepared according to the
present invention, also resulted in higher SO, conversion
in the SO, oxidation reaction. Conversion of SO, over 2
wt.$ Pt/Sio, catalyst was initially very low and the
catalyst activity became nil in a short time on stream.
On the other hand, SO, conversion 'activity was '
considerably increased using a 2 wt.% Pt catalyst (Fig.
4) due to addition of 25 wt.% 2rO, or 25 wt.% TiO, to the
Sio, surface. ' '

The following examples further illustrate the
preparation and use of the catalyst of this invention.
The Examples are to be construed as illustrativeé only and
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made by coprecipitation or cogell atlon has no XRD .
- 11 ) heetHasBeenR laced

., R 1111

not for the purpose of limiting the scope of the
invention to only thg'embodiments shown therein.
. EXAMPLE 1

Preparation of Pt/TiO,/Si0,A catalyst was prepared by
adding 635 g of Tyzor LA (A titania compound from Dupont
containing 14.2% TiO,) to 410 g of silica particles
(SYLOID -74 from Davison), mixing well for 1 hour followed
by drying and calcination at 700°C. 54.3 g of Pt amine
salt was diluted with water to make approximately 8 g of
Pt solution. The Ti0,/Si0, was mixed with the Pt solution
and the Pt fixed on the catalyst by addition of an acetic
acid solution. Water was then added to make a 30% solid
slurry and the slurry applied onto a honeycomb to give a
final product of 38 g of Pt/cu. ft. The catalyst was
dried and calcined at 500°C. This éatalyst'was identified
as Catalyst A.

'EXAMPLE 2
Preparation of Pt/Ce0,/Al,0,
Ce0,/Al,0, was prepared by incipient wetness impregnation
of a cerium nitrate solution onto Al,0,. The support was
then dried and calcined at 700°C for 2 hours. The
preparation and depo‘sition of the Pt/CeO,/Al,0, catalyst
was similar to Example 1 and identified as Catalyst B.
Catalyst B had a composition similar to Catalyst A glven
as 38 g of Pt/Ft’. of the honeycomb.
EXAMPLE 3
Catalysts A and B were tested fresh (virgin) for CO
oxidation at several temperatures. The CO concentration
was 250 ppm with a Gas Hourly Space Velocity of
600,000 hri. The results of the test are given in

Table 2.
TABLE 2
co SO, Light %2 CO conv @ (°C)
PPm ppm Off T(°C) 100 150 200 250
Cat A 250 0 120 : 45 -58 65 70
Cat B 250 0 : 120 40 55 65 70

Light off temperature was measured as the minimum
temperature reguired to give 50% CO conversion. '
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pattern and has nuch of the surface consisting of exposed silica. Exposed
silica acts as a poor support for precious netals resulting in severe

-catal yst deactivation by precious netal sintering. Simlar :
observations have been found for tltanla- stabilized silica forned in
accordance with the present invention. ignla (Tigerr]) in the anatase
phase is stable at tenperatures |ess t han OO[err]C. Surprisingly, it has

been found t hat T|C{err] supported on SiJerr] was present in the anatase

phase even g{ﬁtbgl {i{ﬁ,@%&é&eéttﬁ%[saeixccseme&ereasteeurs The

average tit Si ze, neasured RD, mai ned | ess than 40
[err] (4 nmfnﬁsmrha,%l%1M¢¥)rﬁ%‘G15B'9Y er¥o cdlifﬁ%eBFsawyPPﬁGPEaPEEet hat
the could be deduced when the catalysts were tested fresh in

the absence of So,.

' EXAMPLE 4
catalysts A and B were tested for CO oxidation in the
presence of 200 ppm of SO,. This experiment mimicked
cogeneration unit operation. The CO light off temperature
as well as the CO conversion at several reaction
temperatures is given in Table 3.

IABLE 3
o ¥ CO Conversion
CO SO, Light Off @ Temp. (°C)
Catalyst GHSV PPm  ppm T (°C) 100 -150 200 250

A 500,000 250 200 250 0 15 47 50

B 500,000 250 200 >260 0 7 25 45

The non-alumina based support had lower light off
temperature as well as higher CO conversion at all
temperatures tested. This clearly indicates that in the
presence of S0O,, the catalyst per this invention is more
active than catalyst B in converting CO and is less
susceptible to sulfation. Alumina based catalyst sulfates
(forms aluminum sulfates) which results 1n catalyst
deactivation.

EXAMPLE 5
Catalysts A and B were aged in SO, /steam'at 950°F for 16
hours to determine the effect of sulfation on their
performance. The catalysts were aged for 16 hours in 2%
SO;, 88% air, and 10% steam. The catalysts were then
tested for CO oxidation in the absence of SO,. The results
in Table 4 clearly indicate that the Ti0,/Si0O, based
catalysts have higher tolerance for the SO,/steam compared
to the alumina supported catalyst. |

_—
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'titania, I n the anatase phase, is highly dispersed and stabilized by the
sjlica. It is interesting to note that the anatase titania is the |east

stable titania phase. On the contrary, a binary titania-silica prepared
froma cogel, with simlar chem cal conposition, was conpl et Shest HRYHREORMplaced

with no titania XRD pattern. -The fwuRgt ion of hi ghl y _d|
or titania coating on the silica is to anchor the precious
m nim zes precious nmetal sintering and, thus, allows the cat

high activity at reaction conditions.IXBLE @ is a neutral support for
preci ous netals deposition. The weak integagbi esnbetyesn Si Jerr] and
preci ous netal resul g Li’gﬁ;@v@fg preci ous net al @ SpeWEes | (L)

Catalystppm T (°C) 100 150 200 250 300
A° 250 140 45 52 55 57 60

B 250 200 10 30 50 57 62

The CO conversion of the non-alumina based catalyst
(Pt/Ti0,/8i0,) resembled that of fresh catalyst. The |
poisoning effect of the S0,/S0, on the alumina based
catalyst seemed to be permanent. On the contrary, the
Pt/Tio,/Si0, recovered most of its activity after aging in
the S0,/air/steam atniosphere. This may be related to the
acidic properties of the support that interacts weakly
with the SO, formed during aging. On the other hand,
alumina would sulfate and, thus, result in catalyst
deactivation.

EXAMPLE 6§
This was similar to Example 5 except that during testing
SO, (200 ppm) were introduced with the CO feed. Results
are given in Table 5.

- TABLE 5
. €O S0, Light} co. Conversion
Catalyst ppm ppam OfFE T 125 150 200 250
A 250 200 | 250 ’ 8 15 42 50
B 250 200 270 0 8 25 :45
EXAMPLE 7

This example illustrates the synthesis procedure for 2%
Pt/25% Zr0,/Si0,.

330 g of zirconyl nitrate was dissolved in 480 ml of
hot water. 400 g of SiO, particles (SYLOID 74 from
Davison) were mixed with the zirconyl nitrate solution
for at least one hour to impregnate the silica. The
mixture was dried at 120°C for 16 hours and calcined at
880°C. |

392 g of the 25% 2r0,/Si0, support was mixed with 400
ml of Pt amine salt solution containing 8 g Pt (made by
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at very noderate conditions. On the contrary, Tierr] and Zrgerr]

interact with precious netals to significantly reduce precious netal
sintering. A maj or problem however, in using zirconia or titania as a sole
support for precious netals is the Ioss i n support surface area at reaction
conditions. Both zirconia and titania (Anatase) have a high initial surface
area (100-150"nferr]/g), but surface areadetreases si gnificantly after
calcination at 500[err]C.. The loss in surface area of zirconia or titania

at reaction conditions, is unfavorable si ce f¥Ch Ios§ rg;ults grecious
met al s,nteﬂgggtzng 54.3 g of Pt amine sa Pt = 14 lut1

with 400 ml of water). 40 ml of acetic acid were added
during mixing for 2 hours. A slurry of this catalyst was
prepared by mixing the wet cake catalyst above with 400
ml of water (solid content = 33%). The slurry was ball
milled for 19 hours and then applied to 200 cells/in,
honeycomb (6x6x3 inches honeycomb) so that the finished

~ coated honeycomb had a Pt pick-up of 41 g of Pt per ft,.
Fig. 5 shows the CO conversion of the above catalyst
after exposure to S0,. The standarad commerciél catalyst
used was catalyst B above. As can be seen, the catalyst
of this invention had a substantially higher activity '
than the alumina-containing catalyst.
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- 12 - Therefore, covering the silica particulate w th stable netal
oxi des such as ZrJerr] or TiQerr], using the preparation procedure as
descri bed above with respect to the present invention is—very—faverable—

relative to reducing precious nmetal sinteri¥g.=Covering thﬁls%géﬁala Re
: is S as Been i

- ' A0

1. A sulfur-resistant oxidation catalyst comprising
silica, a coating of titania or zirconia or a mixture
thereof or precursors of said oxides on said silica and
at least one precious metal supported on said coated
silica. '

2. The catalyst of claim 1 wherein said titania or
zirconia coating is present in amounts of from at least
5 wt.% based on said coated silica.

3. The catalyst of claim 1 wherein said titania or
zirconia coating is present in amounts of at least about
10 wt.% based on said coated silica.

4. The catalyst of claim 3 wherein said titania or
zirconia coating is present in amounts of at least about
10 to about 25 wt.%$ based on said coated silica.

5. The catalyst of claims 1, 2 or 3 wherein said silica
is in the form of a silica particle.

6. The catalyst of claim 5 wherein said titania or
zirconia coating is applied as a titanium or zirconium
salt which is calcined in an oxygen-containing gas to
form the respective metal oxide.

7. The catalyst of claims 1, 2 or 3 wherein said titania
or zirconia coating is applied as a titanium or zirconium
salt which is calcined in an oxygen-containing gas to

_ form the respective metal oxide.

8. The catalyst of claims 1 or 6 or wherein said precious
metal is platinum.
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surface with ZrJerr] or TiQ2 is therefore.essential for. higher precious

netal di spersion and superior catalytic perfornance. Qe ihestin Réplatdde
silica surface covered depends prinmarily on the prepa e as
well as on the amount of Tierr] or Zr& &fr} used. F mmm ption
experiments, a measure of Pt dispersion, on a 2%)Pt/Z ] wth
varying amounts of Zr(ferr], it was concluded that the Pt dispersion '
i ncreased S|gn|A|snhfuy-asslabaztCEXLQQ§F°ma§aﬁ@dﬂGﬁSéﬁmﬂﬂ@ml?Qwﬁ 10% by
wei ght (Fig. gL h8ké a8 | BoBtedi ¥PERSRORANAI yANKE Watthedudl tO a | esser
extent, as tRe 2F

err vel was increased between ﬁ(%‘an,d 25% At the 25%
level of Zr GpeRrtaining EFFFE‘:SlQﬁrPScﬁlMEaCG\?&t&? With AitagHia, or

consequent| y,i+86nPh or a mixture thereof or a precursor of said
oxides and at least one precious metal supported on said
coated silica particles.

10. The catalyst of claim 9 wherein said titania or
zirconia coating is present in amounts of from at least
5 wt.3 based on said coated silica.

11. The catal&st of claim 9 wherein said titania or
zirconia coating is present in amounts of at least about
10 wt.% based on said coated silica.

12. The catalyst of claim 11 wherein said titania or
zirconia coating is present in amounts of at least about
10 to about 25 wt.$ based on said coated silica.

13. The catalyst of claims 9, 10 or 11 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an 0,-containing gas
to form the respective metal oxide.

14. The catalyst of claim 13 wherein said precious metal
is platinum. '

15. A process for purifying waste and exhaust gas steams
of carbon monoxide and/or hydrocarbons wherein said
exhaust and waste gas stream also contains SO, components,
comprising contacting said waste and exhaust stream with
an 02-containing gas at a temperature sufficient to cause
oxidation of said carbon monoxide and hydrocarbons and in
the presence of a sulfur-resistant oxidation catalyét,
said oxidation catalyst comprising silica coated with
titania or zirconia or a mixture thereof or precursors of
said oxides and at least one precxous metal supported on

said coated silica.
* -C L M § % 27
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woul d have substantially been in contact with zirconia and not silica. This
resulted in effective dispersion of the Pt after cal ci nats as BemyRepladged>
for several hours. On the contrary, a binary support moulg H i t he
silica exposed which would result in nuch- A8 bei ng anchor Pt
anchored to a _silica support always leads to sintering and |oss in netal

di spersion even at tenperatures as |ow as 350-400[err]C. _This is a

consi derabl y RéweFhecppocess: Ot Fdr i vhenein 338 fitamid @heni cal
reactions. Pt ,3pcRaiadceating &0 Prasaitbil iashiid iof SHewoit , 1éssper

this invention, retains small” Pt, cr steﬂéltﬁs_even after calcination in air
at 700[err]C.5 wt.% based on said coated silica. -

17. The process of claim 15 wherein said titania or
zirconia coating is present in amounts of at least about
10 wt.% based on said coated silica.

18. The process of claim 17 wherein said titania or
zirconia coating is present in amounts of at least about
10 to about 25 wt.% based on said coated silica.

19. The process'of claims 15, 16 or 17 wherein said
silica is in the form of a silica particle.

20. The process of claim 19 wherein said titania and
zirconia coating is applied as a titanium or zirconium
.salt which is calcined in an O,~containing gas to form the
respective'metal oxide.

2l1. The process of claims 15, 16 or 17 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an O,-containing gas
to form the respective metal oxide.

22. The process of claims 15 or 20 wherein said precious
metal is platinum.

23. A process for purifying waste and exhaust gas steams
of carbon monoxide and/or hydrocarbon wherein said
exhéust and waste gas stream also contains SO, components,
compriSing contacting said waste and exhaust stream with
an O,-containing gas at a temperature sufficient to cause
oxidation of said carbon monoxide and hydrocarbon and in
the presence of a sulfur resistant oxidation catalyst,
said oxidation catalyst comprising a ceramic honeycomb
coated with a catalytic washcoat containing particles of
silica coated with titania or zirconia or a mixture
thereof or precursors of said oxides and at least one
precious metal supported on said coated silica pafticles.

~ This is the replacement. s'heet;
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.results were also observed for the titania-
catalyst (2% Pt/ Ti(err]/Sierr]) with Tierr
.pattern showed that the TiJerr]
crystallites less than 60 [err] meOO[err]
which indicates that TiQerr] remained highly dis

crystallites On the 30%T|Qerr]/S|CIerH upyport tion at

500[err]C wer e

(6 nm

24. The process of claim 23
zirconia coating is present
5 wt.% based on said coated

25. The process of claim 23
zirconia coating is present

stabilized silica
%

remai ned in the anatase phase W th
even afteHMsﬂha&haBﬂn

wherein said titania or
in amounts of from at least
silica.

wherein said titania or
in amounts of at least about
silica.

10 wt. based on said coated

26. The process of claim 25 wherein said titania or
zirconia'coating is present in amounts of at least about
10 to about 25 wt.% based on said coated silica.

27. The process of claims 23, 24 and 25 wherein said
titania and zirconia coating is applied as a titanium or.
zirconium salt which is calcined in an O,~containing gas
to form the respective metal oxides.

28. The process of claims 23 and 27 wherein said precious
metal is platinum. '

29. A process for oxidizing gaseous sulfur-containing
compounds to SO,, SO; or mixtures thereof comprising
contatting said gaseous sulfur-containing compounds in an
O,-containing gas at a temperature sufficient to oxidize
said sulfur-containing compounds and in the presence of a
sulfur-resistant oxidation catalyst, said catalyst
comprising silica, a coating of titania or zirconia or a
mixture thereof or precursors of said oxides and at least
one precious metal supported.on said coated silica.

30. The process of claim 29 wherein said titania or

zirconia coating is present

5 wt.% based on said coated

31. The process of claim 29
zirconia coating is present
10 wt. based on said coated

in amounts of from at least
silica. '

wherein said titania or
in amounts of at least about
silica.

* c L M S *
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- 13 - snmaller than the detectability limt of the XRD,-T—ndi—Cﬁf‘l—r\’gj—ﬁ@h—’—

di spersion, see Table 1. The Pt crystallites on the 15% Ti égﬁﬁ Jaced
support, calcined to simlar conditions (500[err]C), were
which is still considerably well dispersed. Simlar results

from CO chem sorption nmeasurenents as indi<ag@d-i n Table 1.
hi gher Pt dispersion with increase in TiQ (0-30% coverage of the SlC{err}

32. The process of claim 31 wherein said titania or
zirconia coating is present in amounts of at least about -
10 to about 25 wt.% based on said coated silica.

33. The process of claims 29, 30 or 31 wherein said
silica is in the form of a silica particle.

34. The process of claim 33 wherein said titania and
zirconia coating is applied as a titanium or zirconium
salt which is calcined in an o,-contalnlng gas to form the
respective metal oxlde.

35. The process of claims 29, 30 or 31 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an O,-containing gas
to form the respective metal oxide.

36. The process of claims 29 or 34 wherein said precious
metal is platinum.

37. A process for oxidizing SO, to SO; comprising
contacting said SO, in an O,~containing gas at a
temperature sufficient to oxidize said SO, and in the
presence of a sulfur resistant oxidation catalyst, said
catalyét comprising a ceramic honeycomb coated with a
catalytic washcoat containing particles of silica coated
~with titania or zirconia or a mixture thereof or
precursors of said oxides and at least one precious metal
supported on said coated silica particles.

38. The process of claim 37 wherein said titania or
zirconia coating is present in amounts of from at least
5 wt.% based on said coated silica.

T EIORIUIE v e e vomiecoment seer
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surface. The results clearly indicate that higher coverage of the silica
surface with TiO2 or ZrQ2 is nore favorable for better precious netal

di sper si on. _ TABLE 1 Catalyst Calc. T CO
‘Uptake (cc/g) Pt Cryst. (XRD, A) Ti(err] Cryst (XRD A) ' A.. 500

. 07 _ 150 NA B. 5,500 .41 53
C.. 500 - . 94 30 Catalyst A=2%

Pt/SiJerr] Catalyst B = 2%Pt/15%Tiqe.rr]/Siqerr] Catalyst C = 2%
Pt/30% TiJerr]/Siqerr]

- 39. The process of clalm 37 wherein said tltanla or
. zirconia coating is present in amounts of at least about
10 wt.% based on said coated silica.

40. The process of claim 39 wherein said titania or
zirconia coating is present in amounts of at least about
10 to about 25 wt.% based on said coated silica.

41. The process of claims 37, 38 or 39 wherein said
titania and zirconia coating is applied as a titanium or
zirconium salt which is calcined in an O,-containing gas
to form the respective metal oxides. '

42. The process of claim 41 .wherein said precious metal
is platinum.

43. The process of claim 37 wherein said SO, is present in

an exhaust or waste gas stream which is contacted with
said ceramic honeycomb. '

Sheet Has Been Replaced
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CO Upt ake I's a neasure of exposed Pt surface. Hi gher nunbers indicate
hi gher di spersion. NA = Not applicable and = Below detection |imts 1
A=0. 1nm The hi gher Pt dispersion on the zirconia- and
titani a-stabilized silica, prepared according to the present invention,
also resulted in higher SJerr] conversion in the SJerr] oxidation
reaction. Conversion of S(err] over 2.\5@ % Pt/SiJerr] catalyst was

[

initially very I ow and the catalyst acti“fity became nil in a short time on
stream -

OXIDATION CATALYST RESISTANT TO SULFATION
ABSTRACT

A sulfur resistance CO, hydrocarbon and SO, oxidation
catalyst is provided conxprising silica particleé which have
been coated with titania or zirconia or precursors thereof
and which have deposited thereon a precious metal such as
'plat:i.num. The coated silica catalyst can be included in a
washcoat for application to a ceramic honeycomb carrier.

heet Has Been Re laced
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On the other hand, SJerr] conversion activity was consi derably increased

using a 2 w.

% Pt catalyst (Fig. 4) due;to, addltlon of 25 wt. %ZrCIerr] or

25 w.% Tigerr] to the Sigerr] sufface. | - The fol | owrmg—exanptes
further
invention. The Exanples are to be construed as iIIustrativ

Fig.1

illustrate the preparation and usé of the cat al yst f t hi
ﬁ een Replaced

i
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- 14 - not for the purpose of
t he enbodi nents shown t herein.

of Tyzor LA (A titania conpound from Du'po?lt"cont aining 14.
410 g of silica particles (SYLOD 74 from Davi son), m Xxing:

Preparation.of Pt/Tigerr]/Si CIerr]A cat al yst was prepareq\hipg,iaﬁlggﬂ § gd
foll owed by drying and calcination at 700[err]C. 54.3 g of l I

limiting the scope of the_invention to only

EXAVWPLE T

r

ALt

was diluted with water to nake approxi mately 8 g of

Fig3

035

o 2 o
[\ m ol
L § T |
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o
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‘p

oit / _
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Pt solution. The TiJerr]/Sigerr] was m xed wth the Pt solution and the
Pt fixed on the catalyst by addition of an acetic acid solution. Water was
. then added to nmake a 30%solid slurry gng the slurry applied onto a
honeyconb to give a final product of 38 g of Pt/cu. ft (1342g/nferr]). The
catal yst was dried and calcined at 50[err]C. This catalyst was identified
as Catal yst A EXAMPLE 2

Preparation of Pt/Ce(err]/Al[err](err] Cederr]/Aferr]Jerr] was .
prepared by incipient wetness inpregnation of a ceriumnitrate solution
onto Al[err]Jerr]. The support was then dried and calcined at 700[err]C
for 2 hours. The preparation and deposition of the
Pt/Ce(Jerr]/Al[err]Jerr] catalyst

Fig. 5

0
Q

CO Conversion, %
8

- Pt/Zr02/Si02 ' -
—O~ Standard commercial caialyst
o0 150 200 250 300 350 400 450 500
Temperature, °C

W
?
T

This Sheet Has Been Replaced

L

This is the replacement sheet

27 JaN 93t

Date:



) o : : - : wosagp-0 WS
was simlar to Exanple 1 and identified as Catalyst B. Catalyst B had a
Cormnm tion.simlar..to..Catal y.st. _A, g| ven

as 38 g of Pt/Ft : p
(13429] EELATEMERTE RET aneyc@iﬁb ' [qEIg,ZAWENg SHEET
Cat gl J Descaingind : B2yl 6. teghgdd e eﬁh (vi¥gin) for CO oxidation at several
tenﬂeﬁ Cinieés) The£0 .Sohcentriafion was 250 ppmwith a Gas Hourly Space

Véldcr_yrojdaﬁgeaagﬁéH?ﬁemryx‘fhe results of the test are given in Table
2. 4femyuam waged M. to paged .=TABLE 2 CO ppn1 SQ2 ppm Light Of
T(C) %COConv [err]([err]() : 100
150 3001250 raceOA AbiEE0, 120 45 58 65
e T Ol\f c Y E TO _SULF ON
BACKGROUND OF THE INVENTION

The present invention relates to an oxidation
catalyst which is resistant to sulfur oxides. In
particular, the present invention is directed to an
oxidation catalyst useful in purifying exhaust aﬁd waste
gases and, more specifically, to an oxidation catalyst
capable of converting carbon monoxide and hydrocarbons to
carbon dioxide and water with high efficiency even in the
.presence of sulfur oxides.

The present invention also relates to a process for
converting carbon monoxide and hydrocarbons such as
contained in exhaust or waste gas streams to carbon
dioxide and water even when the exhaust or waste gas
streams contain sulfur oxide components. The invention is
also directed to a process for converting sulfur dioxide
to sulfur trioxide using the novel sulfur-resistant |
oxidation catalyst of the present invention.

Hydrocarbon and CO abatement in various waste and
exhaust gas streams may be accomplished by reacting the - :
waste or exhaust gas with air over a platinum-containing
catalyst. Typically used at present is a catalyst similar
to the auto exhaust catalyst which is comprised of
platinum supported on alumina supports or alumina-
containing supports which are often depo;ited over a
ceramic honeycomb. WO-A-90/00439 discusses the use of such
catalysts for treating diesel exhausts. Such catalysts are
effective oxidation catalysts and deactivation of such
catalysts is minimal when the waste or exhaust gas is devoid
of sulfur oxides, to be referred to as SO,, including SO,.
However, the exhaust and waste -gases of many industrial
operating systems including those cogenerating electricity
and steam which are powered with diesel fuel or refining gas
often contain up to a few hundred parts per million of

This is the replacement sheet
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CatB 250 0 120 o 40 55 65 70 Li ght

off tenperature was neasured as the mninmum tenperature rec IQ
50% CO conver si on. _qﬁgﬂ?ﬂEM%N$§H%Er

-2-

SO,. Under reaction conditions, SO, oxidizes to SO, which
in turn reacts with alumina to form aluminum sulfate and,
thus, renders the alumina-containing oxidation catalysts
inactive. . |

It is known to use oxidation catalysts which contain.
catalytic metals on refractory oxide supports other than
alumina. Thus, supports comprising silica, titania,
zirconia and mixtures of these oxides are known and such
supports including the binary and ternary mixtures of the
above oxides are known to be resistant to SO,.
Unfortunately, it is also known that it is daifficult to
anchor a precious metal such as platinum on a silica
supporz. The weak interaction between silica and precious
metals results in severe precious metal sintering at very
noderate conditions drastically reducing the surface area
anéd, thus, activity of the precious metal catalyst.
Moreover, although titania and zirconia interact with
precious metals to significantly reduce sintering of the
precious metal, the high initial surface area of both
zirconia and titania (anatase) is'drastically'reduced
after calcination at 500°C. The loss in surface area of
zirconia and titania at typical reactive oxidation
conditions is unfavorable inasmuch as the loss in surface
area results again in the sintering of the precious metal
and deactivation of the catalyst. |

WO-A-90/05579 discloses a process for the oxidative

removal of carbon monoxide and hydrocarbons from waste gases,

which may possibly contain sulfur oxides, which process

comprises contacting the waste gas in an oxidizing atmosphere
at a temperature below 500°C in the presence of a catalyst

comprising at least one platinum-group metal (e.g. platinum,

palladium or rhodium) supported on at least one of silica,

zirconia, titania, zeolite and alpha alumina.
WO-2-91/18832, which includes the designations DE and GB

and which was published on 12 December 1991, discusses the

use of a silica-based monolithic catalyst which includes a

compound of titanium or zirconium, with platinum, for the
conversion of SO, to SO,. '

This is the replacement sheet
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Table 2 clearly indicates that both catal ysts tested fresh had simlar
activity. No difference in performance could be deduced when the catal ysts
were tested fresh in the absence of SQerr]. REPLACEMENT SHEET
EXAMPLE 4 Catal ysts A and B were tested for CO oxidation in the presence of
200 ppmof SO err]. This experinent Jngnicked cogeneration unit operation.

The CO light off tenperature as well as the CO conversion at several

reaction tenperatAgegrdinglyenitnifapnecpject of the present

invention to provide an effective carbon monoxide
oxidation catalyst. , '

It is another object of the present invention to
provide an effective carbon monoxide oxidation catalyst
which is stabilized against deactivation at the elevated
temperatures of reaction.

It is another object of the present invention to
provide an effective carbon monoxide oxidation catalyst
which is stabilized against deactivation by the presence

of SO,.

It is a further object of the present invention to
provide an effective oxidation catalyst which can
effectively oxidize gaseous sulfur-containing compounds
to SO;, SO, or mixtures thereof.

. Yet another object of the present invention is to
utilize a sulfur-resistant carbon moncxide oxidazion
catalyst in a process for purifying waste and exhaust gas
streams of hydrocarbons and carbon monoxide.

Yet still another object of the present invention is
to provide a.process for effectively oxidizing SO, to SO,
in the presence of a stabilized oxidation catalyst.

SUMMARY OF E INVENTION

In accordance with the present invention, an
oxidation catalyst is provided which is resistant to
deactivation by sulfur oxides and which is useful in the

' oxidation of carbon monoxide and hydroéarbons such as are
present in waste and exhaust gas streams which further
contain SO,. The catalyst of this invention is also useful
in oxidizing SO, to S0O;.

This is the replacement sheet
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TABLE 3 Catal yst GHSV CO ppm Sqerr]ppm.Li ght Of T([err]C % CO

Conversion @Tenp. ([err]Q)

150 200 250 A~ 500,000 250 200 250 REPLAGEMENT SHEET
0 15 47 50 B 500,000 250 200 >260

0 7 25 45 The non-al um na based support had | ower |ight off

tenperature as well as higher CO conversidorr at all tenperatures tested.
This clearly indicates that in the presence of SJerr], the catalyst per
this invention is nore active than catalyst B in converting CO and is |ess

_ YT

In pérticular, the present invention provides a sulfur-
resistant oxidation catalyst comprising silica particles, a
coating of titania or zirconia or a mixture thereof or
precursors of said oxides on said silica particles and at
least one precious metal supported on said coated silica
particles. .

The present invention also provides'- a process for
purifying a waste or exhaust gas stream of carbon monoxide,
hydrocarbons or both, wherein said waste ox exhaust gas
stream also contains SO, components, comprising contacting
said waste or exhaust gas stream with an O,<containing gas at
a temperature sufficient to cause oxidation of said carbon
monoxide and/or hydrocarbons and in the presence of a sulfur-
resistant oxidation catalyst, said oxidation catalyst
comprising silica particles coated with titania or zirconia
or a mixture thereof or precursors of said oxides and at
least one precious metal supported on said coated silica
particles.

The present invention also provides a process for
oxidizing gaseous sulfur-containing compounds to 50,, SO, or
mixtures thereof comprising contacting said gaseous sulfur-
containing compounds in an O,-containing gas at a temperature
sufficient to oxidize said sulfur-containing compounds and in
the presence of a sulfur-resistant oxidation catalyst, said
catalyst comprising silica particles, a coating of titania or
zirconia or a mixture thereof or precursors of said oxides
and at least one precious metal supported on said coated
silica particles.

The present invention will now be described with
reference to certain preferred embodiments thereof.

This is the replacement sheet
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susceptible to sulfation. A unmina based catalyst sulfates (fornms alum num
sul fates) which results in catal yst deactivation.

EXAMPLE 5 Catalysts A and B were aged in SJerr] /steam at HéEb@%ﬁME'&T ﬁHFET
16 hours to determne the effect of sulfation on their perfornmance. The
catal ysts were aged for 16 hours in 2% SOerr], 88%air, and | 0% steam
The catal ysts me*gﬁthe

CO oxidation SdJerr].
The results I%@QakY r?€ %ﬁﬁ?cﬁﬁ%ﬁ??ﬁﬁnt?ﬁ?qqkierﬁ%%égfﬁérﬁj ggsed]
catal ysts hawéxhagperti@lesawnheclfxohavhebéﬁ{lectpé}t%d esifile drakaRiR, t o the
al um na SUpEQEESQLQaSalﬂfitures thereof and upon which coated silica

particles there is supported a Group VIII precious metal including

but not limited to platinum, palladium and rhodium. The
coated particulate catalyst is then coated on a ceramic
honeycomb support as a washcoat for use. An important
feature of the invention is the coating of titania or
zirconia on the refractory silica particles. In
accordance with this invention, the titania and zirconia
coating is achieved by adding a titanium or zirconium
salt to coat and/or impregnate the silica particles, and
calcininq in air to convert the metal salt to the
respective oxide. The precious metal is subsequently
added to the coated silica by known means. Alternatively,
the precious metal can be applied to silica particles
which have been coated with titania or zirconia _
precursors, i.e., precipitated Ti or Zr salts, that will
be converted to the respective oxides during calcination
after the preéicus metal is applied or during use of the
catalyst. It has been found that the cocating of titania
or zirconia stabilizes the silica against sintering and
provides a surface where precious metal sintering is
minimized. Moreover, it has been found the silica
stabilizes the titania or zirconia coating against
sintering at elevated temperatures. The washcoat of
coated silica particles on the honeycomb is advantageous
inasmuch as the precious metal is dispefsed throughout
the thickness of washcoat layer.
B F DESCRIPTION O DRAWINGS .

Figure 1 is a graph illustrating the 800°C heat-aged
stability of silica, zirconia and mixtures thereof.

Figure 2 is a graph illustrating the two hour heat-
aged stability of silica relative to mixtures of titania
and silica.

Figure 3 is a graph illustrating the 2% platinum
dispersion on the catalyst of this invention relative to
the amount of zirconia added to the siliqa support.

This is the replacement shest
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- 16 - ' TABLE 4 Catal yst CO ppm Light Of"
Te[err] O %O Conversion @Tenp. ([err] O -

REPLACEMENT SHEET
-6 -

Fiqure_4 is a graph comparing SO, oxidation using the
catalysts of this invention relative to a catalyst
comprising 2% Pt/Sio,.

Figure S is a grﬁph illustrating the effectiveness
of the catalyst of this invention in oxidizing €O upon
aging of the catalyst with SO, compared to the
effectiveness'of a standard commercial catalyst.

DETAILED DESCRIPTION OF THE INVENTION

The oxidation catalyst of the present invention
finds its preferred use in oxidizing carbon monoxide and
hydrocarbons contained in exhaust and waste gas streams
for conversion to CO, and water and wherein the waste and’
exhauét gas streams contain sulfur oxide compounds (SO0,).
The catalyst of this invention is particularly useful in
purifying exhaust gas from cogeneration units. In the
catalyst of this invention, the alumina refractory base
typically used in commercially available oxidation
catalysts is replaced with silica which is stabilized by
the addition of titania or zirconia to yield a base which-
can effectively anchor the preciocus metal component and
is resistant to so, deqfadation and deactivation. In view
of the SO, resistance of the catalyst of this invention,
the catalyst can also be used to oxidize gaseous sulfur-
containing.compounds to SO,, SO; or mixtures thereof which
has particulér importance in various commercial
applications involving the formation of sulfur-containing
compounds including sulfuric acid and in the formation of
various surface active agents. Moreover, oxidation of SO,
to SO; is valuable in cleaning exhaust and waste gas
streams  of sulfur as the S0O; is substantially easier to
remove than SO,.

The silica substrate is in the form of a refractory
particulate having a sufficient surface area to be
~catalytically active, e.g. > 10 m?*/g, and is stabilized by
coating the refractory silica particulate with titanium
or zirconium oxide .or” a mixture therecf. The starting
materials for the zirconia and titania coating are

This is the replacement sheet
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100 150 200 250 300 A 250 140

45
52 55 57 60 B 250 200 REPLACEMGNT SHIEET
50 57 62 The CO conversion of the non-alum na based catal yst

(Pt/TlC{err]/S|C{err]) resenbl ed that of fresh catalyst. The poi soning
effect of the SJerr]/SJerr] on the gl umna based catal yst seemed to be
permanent. On the contrary, the Pt/TiQerr]/SiJerr] recovered nost of its

activity aftﬁ&eaaramynlhhensokeﬁ] bai ﬁéawasuwowhehear&rhcaaﬁw be
related to the_,_aci t he Sﬁﬁgort th gracts Mgakly with

the Soterr] PEFRetRa PRRGLEIaEe Biltrs BERERCR, Ape vhich 35 ulER

converted to the oxide by calcination in an 0,-containing
gas such as air. Useful inorganic salts can include the
chlorides, nitrates and sulfates of the respective
metals. Organic acid salts such as the acetates,
oxalates, etc. are also useful. Upon coating with the
metal salt, the coated silica is calcined at a
temperature typically above 500°C. Alternatively, the
source for the zirconia and titania coating can be
colloidal titania and zirconia. Further still, the silica
particles can be slurried with a titanium or zirconium
salt solution as described above and then treated to
precipitate a titanium or zirconium oxide precursor salt
onto the surface of the silica prior to the addition of
the precious metal. The titanium and zirconium precursor
salt can be converted to the oxide subsequent to the
addition of the precious metal. In its broadest form,
this further alternative method involves the addition of
any titanium and zirconium compound. which is a precursor

for titania or zirconia and wh;ch corresponding oxide can
be formed prior to precious metal addition, subsequent to
precious metal addition and even during the use of the
catalyst. - | '

It is an important aspect of this invention that the
titania and zirconia addition to the silica be in the
form of coating and/or impregnated into the silica. Thus,
methods of forming mixed gels or co-precipitates of
zirconia and/or titania with silica are not believed to
be sufficient to provide the improvements in catalyst
stability which have been found using the catalyst as
prepared by the coating processes as above described.
Thus, methods of co-precipitating or co-gelling titania
or zirconia with silica are not considered part of the
present invention.

This is the replacement sheef

oate; 25 FEB 1993



al um na woul d sulfate and, thus, result in catalyst deactivation.
EXAMPLE 6 This was S|n1Iar to Exanple 5 except that during testing SOerr]

(200 ppm were introduced with the CO feed. Results are give 11 BHEET
TABLE 5 Catalyst CO ppm SOerr]ppm Light Of T % CO c@ﬁegﬁéaﬁt @§

(TenpQ) 8- 125 150 200 250
250 200 250 8 15 42 50 B 250
200 270rg provide tRe impPoved?Reat 4Bability and

EXAMPLE 7 -

resistance to SO, which has been found in the catalyst of
this invention, the titania and zirconia should comprise
greater than 5 wt.% of the stabilized silica. Coating
weights of 10 to 25 wt.% are preferred to sufficiently
provide the necessary stabilization. Coating weights
above 25% are not believed to provide any substantial
increase in stability although coating weights above 25%
can be used as no detriment in catalyst stability or
effectiveness is believed to occur at the higher coating
loadings. Coating weights of greater than 5 wt.$% to 25
wt.$ correspond to 0.17 mg/m®* of BET surface area to 0.83
mg/m* of BET surface area.

Subsequent to the formation of the titania or
zirconia coating or precursor thereof on the silica
particulate, the stabilized silica is coated with the .
precious metal component. Useful precious metals for the
oxidation catalyst of this invention include platinum,
palladium, ruthenium, iridium, rhodium, or a mixture
therecf. The precious metal component can be added to the
stabilized silica by an impregnation method, a kneading
method or the like convéntion;lly used method. A method
of impregnation is preferred. It is preferable to add the
precious metal component on the stabilized silica in an
amount of from about 0.1 to 3% by weight bhased on the

- weight of the catalyst. Aé starting materials for the
precious metal component, there can be used salts and
complexes of precicus metals such as chloroplatinic acid,
platinum-amine complexes, as well as the chlorides and
nitrates of the various precious metals.

The catalyst of this invention containing the
‘precious metal dispersed upon the titania- or zirconia-
stabilized silica particulate itself is applied as a
layer or multiple layers of coated silica particles on a
carrier such as a refractory honeycomb carrier. Thus, the
catalyst is dispersed within a liquid wash coat which
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This exanple illustrates the synthesis procedure for 2% Pt/ 25%
Zrgerr]/Sigerr]. 330 g of zirconyl nitrate was dissolved in 480 n
of hot water. 400 g of SiQ2 particles (SYLO D 74 from Da\RERYALEMENE Spicged
with the zirconyl nitrate solution for at |east one hour to inpregnate the
silica. The m xture was dried at 120fLegrd C for. 16 hours and cal ci ned at
880[err] C 392 g of the 25% ZrJerr]/SiJerr] support was mxed with

400 nm of Pthadl AfpgaghatesUuth@ NuHEyidhE CarHidl HyBileeidds well
known in the art. This supported catalyst is preferred as
the precious metal is highly dispersed throughout the
washcoat and is not merely applied as a surface coating
that is more readily damaged and deactivated.
Alternatively, although not preferred, it is possible to
apply the zirconia stabilized silica as a wash coat on
the honeycomb carrier and then subsequently impregnate
the treated carrier with the precious metal component.

The coated particulate catalyst of this invention
may also be molded such as by a tableting method, an
extrusion method, a rolling granulated method and the
like conventionally used method to form a catalyst having
any desired shape such as cylinder, sheet, ribbing,
.corrugated sheet, donut, grid, etc. such instances, if
desired, the catalyst of this inventicn can be supported
on well known carriers such as alumina, silica, silica-
alumina, bentonite, diatomaceous earth, silicon carbide,
titania, zirconia, magnesia, pumice and active carbon.

The stability of the present oxidation catalyst with
respect to both elevated temperature and contact with S0,
has been studied experimentally. While exact theories as
to how the improvements in stability have occurred cannot
be presented, empirical comparative results may be
illuminating. Thus, it has been found that the additien
of 2Zr0, or TiO, to silica has a pronounced positive effect
on stabilizing the SiO, against sintering. Figure 1 shows
that the addition of 5% 2r0, to a silica surface resulted
in a highly heat stable support. Thus, the surface area
of the 2r0,/Si0, (%2r0, = 5-25%) remained almost unchanged
after calcination for several days at 800°C. Similar
stabilization of silica was also found upon a TiO,
‘addition as shown in Fig. 2. As further shown in Fig. 1,
pure silica, on the other hand, lost more than 60% of its
surface area after 24 hours at 800°C.

An important characteristic that differentiates the TiO,-
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-17- 'diluting 54.3 g of Pt amne salt (%Pt = 14.73) solution with 400
m of .water). 40 nml of acetic acid were added during mxing for 2 hours. A

slurry.of this catalyst was REPLACEMENT SHEET
- 10 - |

and 2ro0,- stabilized silica prepared by this invention vs
binary titania- and zirconia-silica compounds is the
stabilization of the 2r0, and TiO, phases by the silica in
the catalysts of this invention. The precise nature of
the interaction between 2r0, or TiO, and silica leading to
stabilization is not clear, however, an interesting
observation of the 2r0, and TiO, structure has been noted.
X-ray diffraction (XRD) of 2r0,/SiO, base as prepared by
this invention shows that the zirconia ﬁrcduced on the
silica surface yielded a diffraction pattern which
matched tetragonal zirconia (beta zirconia). The beta
phase is usually formed by calcinihg pure zirconia at
témperatures of 1000°C or higher compared to monoclinic
zirconia (baddeleyite) which is formed at lower
temperatures. Stabilization of the zirconia by silica
assures that the silica will remain covered with 2ZroQ,,
thus, minimizing the interaction of the precious metal
such as platinum with the silica base. In-the'catalyst of
this invention, lower 2r0, loadings of 5 wt.% were
believed to be crystalline even though no XRD pattern was
observed. Typically, a diffraction pattern of zirconia
will on be observed if the 2r0, crystallites are in excess
of 40 A (4nm) and, thus, smaller crystallites are beyond
detection. Accordingly, is believed that the zirconia at
the low 5 wt% level was highly dispersed with
crystallites smaller than 40 A (4nm). Binary zirconia silica
made by coprecipitation or cogellation has no XRD
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prepared by m xing the wet cake catal yst above with 400 mM of water (solid
content = 33%. The slurry was ball mlled for 19 hours and t@en anlifF to
200 cells/in[err] (31 cells/cnmferr]) honeyconb (6x6x3 i n6RBLAGEMENT SHE

(15. 24x15. 24x7.62 cm honeyconb) so that the finished coated honeyconb had
a Pt pick-up of 41 g of Pt per ft[errd 101448 g/nferr]). Fig. 5 shows the CO
conversion of the above catal yst after exposure to SJerr]. The standard

comerci al catal yst used was catal yst B above. As can, be seen, the catal yst
of this ingattern ARA ahatihseaahi aF| FhRi gNEL g iSANSASHAS ¢

al um na- cond,aidddw £8P St . Exposed silica acts as a poor support
for precious metals resulting in severe catalyst
deactivation by precious metal sintering.

Similar observations have been found for titania-
stabilized silica formed in accordance with the present
invention. Titania (TiO;) in the anatase phase is stable
at temperatures less than 500°C. Surprisingly, it has
been found that TiO, supported on SiO, was present in the
anatase phase even after calcination in air at 900°C for
several hours. The average titénia.crystallite size,
measured by XRD, remained less than 40 A (4 nm) after
calcination at 500°C. This clearly indicates that the
titania, in the anatase phase, is highly dispersed and
stabilized by the silica. It is interesting to note that
the anatase titania is the least stable titania phase. On
the contrary, a binary titania-silica prepared from a
cogel, with similar chemical composition, was completely
amorphous with no titania XRD pattern.

The function of highly dispersed zirconia or titania
ceating on the silica is to anchor the precious metal.
This minimizes precious metal sintering and, thus, allows
the catalyst to retain high activity at reaction
conditions. Silica is a neutral support for precious
metals deposition. The weak interaction between SiO, and
precious metal results in severe precious metal sintering
at very moderate conditions. On the contrary, TiO, and
Zr0, interact with precious metals to significantly reduce
Precious metal sintering. A major problem, however, in
using zirconia or titania as a sole support for precious
metals is the loss in Support surface area at reaction
conditions. Both zirconia and titania (Anatase) have a
high initial surface area (100-150 m?/g), but surface area
decreases significantly after calcination at 500°C. The
loss in surface area of zirconia or titania at reaction
conditions, is unfavbrable since such loss results in

Precious metal sintering. L
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- 12 -

Therefore, covering the silica particulate with
stable metal oxides such as 2r0, or TiO;, using the
preparation procedure as described above with respect to
the present invention is very favorable relative to
reducing precious metal sintering. Covering the silica
surface with 2ro0, or TiO, is therefore essential for
higher precious metal dispersion and. superior catalytic
performance. The extent of the silica surface covered
depends primarily on the preparation procedure as well as
on the amount of Tio, or 2r0, used. From CO chemisorption
experiments, a measure of Pt dispersion, on a 2%
Pt/2r0,/Si0, with varying amounts of Zro0,, it was
concluded that the Pt dispersion increased significantly
as the 2r0, level was increased from 5 to 10% by weight
(Fig. 3). An increase in Pt dispersion was observed, but
to a lesser extent, as the Zréz level was increased
between 10 and 25%. At the 25% level of 2r0,, the silica
surface was covered with zirconia, consequently, the Pt
would have substantially been in contact with zirconia
and not silica. This resulted in effective dispersion of
the Pt after calcination at 500°C for several hours. On
the contrary, a binary support would have most of the
silica exposed which would result in much Pt being
anchored to silica. Pt anchored to a silica support
always leads to sintering and loss in metal dispersion
even at temperatures as low as 350-400°C. This is a
considerably lower temperature than required to carry out
many chemical reactions. Pt anchored on a zirconia-
stabilized silica support, as per this invention, retalns
small Pt crystallites even after calcination in air at
700°cC. ' |

Similar results were also observed for the titania-
stabilized silica catalyst (2% Pt/TiO,/SiO,) with Tio,
level at 15 and 30%. XRD pattern showed that the TioO,
remained in the anatase..phase with cfystallites less than
60 A (6 nm) even after calcination at 700°C which indicates that
TiO, remained highly disperséd The Pt crystallites on the
30% Tio,/Si0, support, after calcxnatlon at 500°C, were
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1. A sul fur-resistant oxidation catalyst conprising silica particles, a
coating of titania or zirconia or a mxture thereof or precursgors of said-
oxides on said silica particles and at |east one precious net aﬁE-%hﬁﬁfMﬁf\HcSHEET
on said coated silica particles. 2. The catal yst of claim1l wherein

said titania or zirconia coating is prggent in an anmbunt of at least 5 w.%
based on said coated silica particles. 3. The catal yst of claim?2

wherei n saighiiéPnt¥a®reié @éveotability limit of the XRD,
indicating high dispersion, see Table 1. The Pt
crystallites on the 15% TiO,/SiO, support, calcined to
similar conditions (500°C), were measured at 50 A which
is still considerably well dispersed. Similar results
were observed from CO chemisorption measurements as
indicated in Table 1. Table 1 shows'higner Pt dispersion
with increase in TiO, (0-30%) coverage of the SiO,
surface. The results clearly indicate that higher
coverage of the silica surface with TiO, or 2r0, is more
favorable for better precious metal dispersion.

_ TABLE 1 : _

Catalyst Calc.T CO Uptaka (cc/g) Pt Cryst. (XRD, A) TiOz Cryst. (XRD A)
A..500 07 150 NA
B..500 41 53 ‘
C..500 94 * 30

Catalyst A = 2% PY/SiO,

Catalyst B = 2% P¥/15% TiOo/SiOz

Catalyst C = 2% Pt/30% TiO,/SiOp )
CO Uptake is a measure of exposed Pt surface. Higher numbers indicate higher dispersion.
NA = Not applicable and .

* = Below detection limits

1A=0.1nm.

The higher Pt dispersion on the zirconia- and
titania-stabilized silica, prepared according to the
present invention, also resulted in higher SO, conversion
in the SO, oxidation reaction. Conversion of SO, over 2
wt.% Pt/Si0O, catalyst was initially very low and the
catalyst activity became nil in a short time on stream.
On the other hand, SO, conversion activity was
considerably increased using a 2 wt.% Pt catalyst (Fig.
4) due to addition of 25 wt.% 2Zro0, or 25 wt.% Tio, to the
Si0, surface.

The following examples further illustrate the
preparation and use of the catalyst of this invention.
The Examples are to be construed as illustrative only and
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coating is present in an anount of at |east 10 wt.% based on said coated
silica particles. 4. The catalyst of claim3 V\/nereln saldtltanla or

zirconia coating is present in an anmount of 10 to 25 w. U&B%deog |
coated silica particles. 5. The cat al XSt of any of clains 1 tIgIEﬁﬁSﬁEET

\;Ts(r:gimnursnaisgl E [ t/ﬁlni:a or zi Irconi a coati my 1#s- appl i ed as a titanium or
r espect ve Q% fo5, & r}beesprzgpgs'eneéjf 'fiﬁft9§¥ggﬁécg@:tdﬁé“dfgtgés to formthe
invention to only the embodiments shown therein.
EXAMPLE 1
Preparation of Pt/Ti0,/SiO.A catalyst was prepared by
adding 635 g of Tyzor LA (A titania compound from Dupont
containing 14.2% "rioz) to 410 g of silica particles
(SYLOID 74 from Davison), mixing well for 1 hour followed
by drying and calcination at 700°C. 54.3 g of Pt amine
salt was diluted with water to make approximately 8 g of
Pt solution. The Ti0,/Si0, was mixed with the Pt solution
and the Pt fixed on the catalyst by addition of an acetic
acid solution. Water was then added to make a 30% solid
slurry and the slurry applied onto a honeycomb to give a
final product of 38 g of Pt/cu. ft (1342g/m3). The catalyst was
dried and calcined at 500°C. This catalyst was identified
as Catalyst A. _
EXAMPLE 2
Preparation of Pt/CeO,/Al,0,
Ce0,/Al,0; was prepared by incipient wetness impregnation
of a cerium nitrate solution onto Al,0,. The support was
then dried and calcined at 700°C for 2 hours. The |
preparation and deposition of thé Pt/Ce0,;/Al,0, catalyst
was similar to Example 1 and identified as Catalyst B.
Ccatalyst B had a composition similar to Catalyst A given
as 38 g of Pt/Ft? (1342g/w’) of the honeycomb.
EXAMPLE 3
Catalysts A and B were tested fresh (virgin) for CO
oxidation at several temperatures. The CO concentration
was 250 ppm with a Gas Hourly Space Velocity of

600,000 hr-t. The results of the test are given in
Table 2.
TABLE 2
COppm | SO, ppm | Light Off T(°C) % CQ Conv @ (°C)
100 150 200 250
CatA 250 . 0 120 45 58 65 70
CatB 250 0 120 40 55 65 70

Light off temperature was measured as the minimum
temperature required to give 50% CO conversion.
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6. The catalyst of any of claims 1 to 5 wherein said precious metal is

plati num 7. The catal yst of any of clains 1 to 6 conprising a ceramc
‘honeyconb support that is coated with a washcoat ContainingREPﬂﬁbHWENF%HEET
silica particles. 8. A process for purifying a waste or exhaust gas

stream of carbon nonoxi de, hydrocarbangsar both, wherein said waste or

Table 2 clearly indicates that both catalysts tested
fresh had similar activity. No difference in performance
could be deduced when the catalysts were tested fresh in
the absence of So,. '

' EXAMPLE 4
catalysts A and B were tested for CO oxidation in the
presence of 200 ppm of SO,. This experiment mimicked
cogeneration unit operation. The CO light off temperature
as well as the CO conversion at several reaction
temperatures is given in Table 3.

TABLE 3 _
Catalyst | GHSV | COppm | SO, ppm | Light Off T (°C) | % CO Conversion @ Temp. (°C)
’ 100 150 200 250
A 500,000 250 200 250 0 15 47 50
B 500,000 250 200 >260 0] 7 25 45

The non-alumina based support had lower light off
temperature as well as higher CO conversion at all
" temperatures tested. This clearly indicates that in the
presence of SO,, the catalyst per this invention is more
active than catalyst B in converting CO and is less
susceptible to sulfation. Alumina based catalyst sulfates

(forms aluminum sulfates) which results in catalyst
deactivation.

EXAMPLE 5
Catalysts A and B were aged in SO, /steam at 950°F for 16
hours to determine the effect of sulfation on their
performance. The catalysts were aged for 16 hours in 2%
SO,, 88% air, and 10% steam. The catalysts were then
tested for CO oxidation in the absence of S0,. The results
in Table 4 clearly indicate that the TiO,/Si0, based
catalysts have higher tolerance for the S0,/steam compared
to the alumina supported catalyst. '
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“

exhaust . gas stream al so contains SJerr] conponents, conprising contacting

said waste or exhaust gas streamw th an (Jerr] containing gas
tenmperature sufficient to cause oxidation RE&LA%EMENT SHEET
- 16 -
TABLE 4

Catalyst | CO ppm | Light Off T (°C) % CO Conversion @ Temp. (°C)

100 150 200 250 300
A 250 140 45 S2 55 57 60
B 250 200 10 30 S0 57 62

_ The CO conversion of the non-alumina based catalyst
(Pt/Ti0,/Si0,) resembled that of fresh catalyst. The
poisoning effect of the S0,/S0, on the alumina based
catalyst seemed to be permanent. On the contrary, the
Pt/Ti0,/Si0, recovered most of its activity after' aging in
the SO,/air/steam atmosphere. This may be related to the
acidic properties'of the support that-interacts weakly
with the S0, formed during aging. On the other hand,
alumina would sulfate and, thus, resﬁlt in catalyst
deactivation.

EXAMPLE §
This was similar to Example 5 except that during testing -
SO, (200 ppm) were introduced with the CO feed. Results
are given in Table 5.

TABLE § : _
Catalyst | COppm | SO,ppm | LightOff T | % CO Conversion @ (Temp°C)
125 150 200 250
A 250 200 250 ‘8 15 42 S0
B | 250 200 | 270 0 8 | 25 | 45
EXAMPLE 7

This example illustrates the synthesis procedure for 2%
Pt/25% 2Zr0,/Sio,. ' '

330 g of zirconyl nitrate was dissolved in 480 ml of
hot water. 400 g of SiO, particles (SYLOID 74 from
Davison) were mixed with the zirconyl nitrate solution
for at least one hour to impregnate the silica. The
mixture was dried at 120°C for 16 hours and calcined at
gso°cC. _

392 g of the 25% 2r0,/Si0, support was mixed with 400
ml of Pt amine salt solution containing 8 g Pt (made by

This is the replacement sheet

oate. 25 FEB 1999



- 19 - of said carbon nonoxi de and/or hydrocarbons and in the presence of

a sulfur-resistant oxidation. catalyst, said oxidation catal :
conprising silica particles coated with titania or zirconia or %?ﬁ%QQQWEyTSHEET
t hereof or precursors of said oxides and at |east one precious netal

supported on said coated silica particlgs.. 9. A process for oxidizing
gaseous sul fur-containing conpounds to Serr], SJerr] or mxture thereof
conpri sing contacting

diluting 54.3 g of Pt amine salt (% Pt = 14.73) solution
with 400 ml of water). 40 ml of acetic acid were added
during mixing for 2 hours. A slurry of this catalyst was
prepared by mixing the wet cake catalyst above with 400

ml of water (solid content = 33%). The slurry was ball
milled for 19 hours and then applied to 200 cells/in’ -

{31 cells/cm®) honeycomb (6x6x3 inches (15.24x15.24x7.62 cm) honeycomb)

so that the finished coated honeyéomb had a Pt pick-up of 41 g of Pt per

£t (1448 g/mP). Fig. 5 shows the CO conversion of the above catalyst
after exposure to S0O,. The standard commercial catalyst

used was catalyst B above. As can be seen, the catalyst
of this invention had a substantially higher activity
than the alumina-containing catalyst.
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sai d gaseous sul fur-containing conpounds with an Jerr]-containing gas at a
tenperature sufficient to oxidize said sulfur- containing conpounds and in

the presence of a sulfur-resistant oxidation catal yst, sai st
conprising silica particles, a coating of titania or zi rcoﬁﬁ@ﬁé&’éEMSHEE

t hereof or precursors of said oxides and at | east one precious netal -
supported on said coated silica particlles~ 10. The process of claim8 or
9 wherein said titania or zirconia coating is present in an anmount of at

| east 5 wt. % based on said coated silica.
Claims

1. A sulfur-resistant oxidation catalyst comprising silica
particies, a coating of titania or zirconia or a mixture thereof
or precursors of said oxides on said silica particles and at
least one precious metal supported on said coated silica
particles. ' -

2. The catalyst of claim 1 wherein said titania or zirconia
coating is present in an amount of at least 5 wt.% based on said
coated silica particles.

3. The catalyst of claim 2 wherein said titania or. zirconia
coating is present in an amount of at least 10 wt.% based on
said coated silica particles. '

4. The catalyst of claim 3 wherein said titania or zirconia
coating is present in an amount of 10 to 25 wt.% based on said
coated silica particles. )

5. The catalyst of any of claims 1.to 4 wherein said titania
"or zirconia coating is applied as a titanium or zirconium salt

which is calcined in an oxygen-containing gas to form the

respective metal oxide.

6. The catalyst of any of claims 1 to 5 wherein said precious

metal is platinum.

7. The catalyst of any of claims 1 to 6 comprising a ceramic
honeycomb support that is coated with a washcoat containing said

coated silica particles.

8. A process for purifying a waste or exhaust gas stream of

carbon monoxide, hydrocarbons or both, wherein said waste or

exhaust gas stream also contains SO, components, comprising
contacting said waste ‘or exhaust gas stream with an O0,-

containing gas at a temperature sufficient to cause oxidation

/

T
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11. The process of claim 10 wherein said.titania or zirconia coating is

present in an anmount of at |east 10 w.% based on said coated silica. 12.
The process of claim1l wherein said titania or zirconia coa‘BEMCEMEM&ErEq‘
in an anount of 10 to 25 wt.% based on said coated silica. 13. The

process of any claims 8 to 12 wherein said titania and zirconia coating i s
applied as a titaniumor zirconiumsall9 -

of said carbon monoxide and/or hydrocarbons and in the presence
of a sulfur-resistant oxidation catalyst, said oxidation
catalyst comprising silica particles coated with titania or
zirconia or a mixture thereof or precursors of said oxides and
at least one precious metal supported on said coated silica
particles.

9. A process for oxidizing gaseous sulfur-containing
compounds to SO,, SO; or mixture thereof comprising contaéting
said gaseous sulfur-containing compounds with an O,—containing
gas at a temperature sufficient to oxidize said sulfur=
containing compounds and in the presence of a sulfur-resistant.
oxidaticn cataiyst, said catalyst comprising silica particles, .
a coating of titania or zirconia or a mixture thereof or
precursors of said oxides and at least one precious metal
supported on said coated silica particles.

10. The process of claim 8 or 9 wherein said titania or
zirconia coating is present in an amount of at least 5 wt.%
based on said coated silica. '

11. The process of claim 10 wherein said titania or zirconia
coating is present in an amount of at least 10 wt.3% based on
said coated silica.

12. The process of claim 11 wherein said titania or zirconia
coating is present in an amount of 10 to 25 wt.% based on said
coated silica. '

13. The process of any claims 8 to 12 wherein said titania and
zirconia coating is applied as a titanium or zirconium salt
which is calcined in an 0O,~containing gas to fofm'the respective
metal oxide.

14. The process of any claims 8 to 13 wherein said precious
metal is platinum.
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which is calcined in an 02-containing gas to formthe respective netal
oxi de. 14. The process of any clains 8 to 13 wherein said precious netal

['s platinum : REPLACEMENTSHEET
- 20 -

15. The process of any of claims 8 to 14 wherein said
oxidation catalyst comprises a ceramic honeycomb support that
is coated with a washcoat containing said coated silica

particles.

16. The process of claim 15 as appendant to claim 9, wherein
S0, is oxidized to S0,. '

17. - The process of claim 16 wherein said SO, is present in an
exhaust or waste gas stream which is contacted with said

catalyst.

I O O O T s tho replacement shoet
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- 20 - 15. The process of any of clains é:r--b 14 wherein said oxidation
catal yst conprises a ceram c honeyconb: suppert that is coated with a

washcoat containing said coated silica particles. 16. The process of
claim15 as appendant to claim9, wherein REP
_ -— ’ LACEMENT SHEET

OXIDATION CATALYST RESISTANT TO SULFATION

ABSTRACT

A sulfur resistance CO, hydrocarbon and SO, oxidation
catalyst is provided comprising silica particles which have
been coated with titania or zirconia or precursors thereof
and which have deposited thereon a precious metal such as
platinum. The coated silica catalyst can be included in a
washcoat for application to a ceramic honeycomb carrier.
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SO err] is oxidized to SO[err].

17. The ﬁr‘bc'e'ss of claim 16 wherein said

Sderr] is present in an exhaust or, waste gas, streamwhich is contacted
With said catal yst. - '
RE PLACEMENT SHEET
-1 -
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