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ABSTRACT

The activity of platinum promoted with-ceria( over alumina was investigated. The
presence of ceria doped in alumina by sol gel method dramatically increased the activity of
platinum over alumina at a low range of temperatures. T, of the 5%Pt/5%Ce0O,/ALO; was
145°C, while Tj,, of the 5%Pt over commercial alumina was 170°C. This may result from
the oxygen storage properties of ceria.  Furthermore, sol gel method offered the uniformity
to the final metal oxide and in turns le‘ci to a better activity to CO oxidation comparmg to
that of the other (catalyst preparation technique.

Finally, iron oxide was used as an oxygen storage compound. -However, the result
was not(as_good ‘as the result from ceria. The activity of platinum over alumina catalyst
containing 5%Fe,O; increased about 12% comparing with that of platinum over commercial
alumina. Interestingly, CO was completely converted to CO, at temperature of 180°C for all
catalysts.

Keywords: CO oxidation, promoted platinum over alumina catalyst, oxygen storage, sol gel

method, impregnation.

INTRODUCTION

The catalytic CO oxidation has been
extensively studied around the world due to a
variety of applications for this reaction, such as CO
sensors (Chen et al, 2005; Neri et al, 2003), CO
detector in households (Fan and Zhang 2001), and
CO, lasers (Meixer et al, 1995; Gersum and Roth,
1996). Many types of metals, both transition and

¥

noble metals, have been investigated for CO
oxidation reaction. Noble metals, such as Pt, Pd, and
Au are expensive but they are very stable for the
reaction. Indeed, Pt is the well-known metal used in
this reaction (Kapoor et al, 2005; Manasilp and
Gulari, 2002; Oran and Uner, 2004; Zhang et al,
2005). The high dispersion of Pt over various
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RESULTS AND DISCUSSION
Catalyst characterization

A specific surface area of each support was
measured and the results are shown in Table 3.1.
This Table showed that a specific surface area of a
commercial alumina was the least, comparing to
others. A specific surface area of supports prepared
by sol gel method was around 37% greater than
that of a commercial alumina. This was due to the
nature of sol gel method itself. Indeed, the presence
of a modifier (such as -diol compounds) always
increased the specific surface area of those solid
oxides. From the Table, the specific surface area of a
5%Ce0,/ALO; with a modifier was 45% greater
than that of a 5%Ce0,/ALO; without a modifier.
The presence of different doping compounds led to
different specific surface area of the final selid
oxides. The results also showed that with the same
preparation technique (sol-gel), a specific-surface
area of a 5%FeQ,/ALO, was 4% less than-that of
the 5%CeQ,/ALO; withoula modifier. This might
be caused by the atomiic size oD Ce and Fe.

Table 3:1. Specific surface areas of supports.

Commercial ALO;

Sol-gel ALO, <
5%Ce0:/ ALO; (8G)

5%CeOy/ ALO, with modifier (SG)
5%Fe,05/ ALO, (SG) ;
15% Fe,0,/ ALO, (SG)

Note: SG = sol gel method

All supports were impregnated with 5%Pt
loading via incipient wetness impregnation
technique. Platinum crystalline size of each sample
was measured by XRD. However, there was no peak
of platinum observed. This means that Pt crystalline
size of each sample was less than five nm. In other
word, Pt was well dispersed in all supports.
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Activity of catalysts to CO oxidation
1. Activity of supports to CO oxidation

The supports such as commercial alumina,
5%Ce0,/ALO; (SG) and 5%Fe,0./AlLQO, were
tested their activity under 1%CO, 1%0Q, balance
with He. The results are shown in Figure 3.1. It
was found that over the studied temperatures
(100-220°C), CO conversion was nearly zero. This
means that no supports are active to €O oxidation

reaction.
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Figure 3.1 Activity of supports to CO oxidation.
Gas composition: 1%CO, 1%0, and He as
balance. SV = 48,000 cc/g/h.

2. Activity of platinum over alumina catalysts

The platinum was impregnated into the
supports in order to study the effect of metal over
supports to the activity of catalyst to CO oxidation.
A commercial alumina was obtained from Sigma-
Aldrich Company meanwhile the other was
prepared via sol gel method. The specific surface
areas of these two supports were 157.0 m’/g and
228.0 m*/g, respectively. It was found that at
temperatures around 130°C to 160°C, a 5%Pt over
sol gel alumina showed slightly better activity to
CO oxidation than that of a 5%Pt over commercial
alumina (approximately 3%), as shown in Figure
3.2, Furthermore, both catalysts showed that CO
was completely converted to CO, at 180°C. This
was caused by desorption process of CO over Pt
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sites at high temperatures. Although the sol gel
alumina has a higher specific surface area than the
commercial alumina, the activities of these two
catalysts impregnated with the same Pt loading to
CO oxidation reaction are very close. Therefore, the
specific surface area might not be a dominant
parameter to increase the activity of these catalysts
to CO oxidation.
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Figure 3.2. Results of catalytic CO oxidation of 5%Pt
over alymina. Gas composition: 1%CO, 1%0,
and He'as balance. SV = 48,000 cc/g/h.

3. Effect of ceria to CO oxidation

The effect of the addition of ‘oxXygen stotage
compounds into platinum owver alumina ‘catalysts
was studied. The 5%(CeO,/ALQ, support was
prepared via sol gel method:— Its-specific surface
area was 217.0 m?/ g\ The activity of the support to
CO oxidation \was’ subsequently determined. The
result is\shown in Figure 33. The 5%CeQ,/ALO,
was not active to CO oxidation at all. However,
when the 5 %wt Pt or 5%Pt was impregnated and
loaded into this support, the activity of the
platinum over alumina with the addition of
5%Ce0, dramatically increased the rate of CO
oxidation reaction. It was found that CO conversion
increased from 0% CO conversion for pure support
and 13%CO conversion for 5%Pt/commercial
alumina to 40% CO conversion for 5%Pt/5%CeQ,/
ALQ; at the temperature of 140°C. The T,, of the
promoted catalyst was compared with that of the
platinum over alumina. T, is defined as the
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temperature at which 50% of CO at the initial
concentration was converted to CO,. It was found
that T., of a 5%Pt/ALO, was 170°C and T, of a
5%Pt/5%Ce0,/ALO, was 145°C. This means that
the addition of 5% ceria oxide in the alumina
support has a positive effect to the activity of the
Another
interesting point is that both catalysts with and

catalyst to CO oxidation reaction.

without ceria oxides can completely convert CO to
CO:; at the same temperatures (~180°C). In fact, the
presence of ceria increased |the\performance of
platinum over alurina only \at low temperature
ranges. This-phenoménon could be explained as
follows: Ceria is ‘an oxygen storage compound. Its
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Figure 3.3. Effect of ceria containing in platinum
alumina catalyst to CO oxidation. Gas
composition’ 1%CO, 1%0, and He as
balance. SV = 48,000 cc/g/h.

oxidation state can be +3 or +4. At low temperature,
the support contained cerium oxide itself can
release oxygen atom in the lattice. This leads to the
changing of oxidation state of ceria from +4 to +3.
When an oxygen molecule in the gas mixture is
adsorbed on the same site, the oxygen molecule will
dissociate and fill back to the position losing an
oxygen atom. This results in the changing of
oxidation state of Ce atom from +3 to +4. This
phenomenon increases the possibility of CO
adsorbed and O adsorbed to be reacted and formed
CO; as a product. However, this phenomenon does
not dominate at high temperatures (>170°C)
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because of the adsorption-desorption mechanism.
Therefore, CO conversion at high temperatures was
the same for both catalysts.

4. Effect of preparation method

Further study was conducted with a
commercial alumina. The ceria precursor and
platinum precursor were impregnated into a
commercial alumina by incipient wetness
impregnation method. The obtained catalyst was a
5%Pt/5%CeQ0,/Al;0;. The performance of this
catalyst to CO oxidation was tested under 1%CO,
1%Q, and He as balance.
Figure 34. This result was compared with those

The result is shown in

obtained from a 5%Pt/commercial alumina and a
5%Pt/5%Ce0,/ALO; (SG). It was found that the
activity of a 5%Pt/5%CeQ,/AlLQ, prepared from the
impregnation of cerium and platinum precursor
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Figure 3.4 Effect-0f catalyst preparation method
to, CO oxidation. Gas composition: 1%CO,
1%0; and He as balance. SV = 48,000 cc/g/h.

into a commercial alumina was quite the same as
the activity of the 5%Pt over commercial alumina.
These results obviously indicated that the
preparation method had a strong effect to the
performance of the catalyst to CO oxidation. One
major reason might be from the uniformity of
Ce0,/ALO; oxide prepared by sol gel method.
Both ceria and alumina were well mixed together in
the sol and then they were bonding together during

the condensation reactions to obtain gel. On the
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other hand, ceria in the impregnation catalyst was
physically deposited on alumina. The uniformity of
ceria over alumina depends on the way to
introduce ceria precursor into alumina. These may
lead to the different structures of ceria oxide in
alumina and may cause the differences in the
activities of both catalysts to CO oxidation.

The set of experiment on a type of oxygen
storage was further carried on. The 5%Pt/5%Fe,O./
ALO, and 5%Pt/15%Fe,0:/ALOy catalysts were
prepared by sol gel method. \A ferrous nitrate was
used as a precursor. The preparation procedure was
the same as that ‘of the CeQ,/ALQ;. The results of
the activity ‘o CO\ oxidation of this catalyst are
shown “in Figure 35 As can be seen from Figure
35, the (aetivity of the 5%Pt/5%Fe,0s/ALO; to CO
oxidation was very close to that of the"5%Pt over
commercial alumina, except at temperaturés around
120°C to 170°C. At this temperature \range; the
activity of Fe promoted catalyst was/slightly better
than that of platinum-over commercial alumina
(~12%). Thig may, becaused by the high specific
surface area of \this” support (209 m?/g). However,
once the result of a 5%Pt was compared with that of
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Figure 3.5. Results of CO oxidation of promoted
platinum over alumina. Gas composition: 1%
CO, 1%0, and He as balance. SV = 8,000 cc/g/h.

sol gel alumina (specific surface area of 228 m’/g),
it was expected that a better performance to CO
oxidation was not only from a higher specific
surface area of supports but also from the presence
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supports has a positive effect to the activity of this
catalyst to CO oxidation (Bourane et al., 2004).
Moreover, this catalyst is very stable (no
deactivation observed). This results in intensive
development of platinum over different supports.
One possible way to improve the activity of
platinum over alumina catalysts to a CO oxidation
reaction is the addition of some compounds, such
as cerium oxide or iron oxide. The presence of these
compounds in the supports might enhance the
activity of these catalysts due to the oxygen storage
properties (Bedrane et al, 2002; Descorme et al,
2002; Rocchine et al,, 2002).

The objectives of this research were (1) to
investigate the effect of the presence of ceria in
platinum over alumina to CO oxidation, (2) to
study the effect of preparation methods to” the
activity of the catalysts to CO oxidationp and\(3) to
study types of oxygen storage compounds to an
activity of a Pt over_alumina |catalyst for CO
oxidation reaction. Tor"this study, the catalyst
supports were prepared by /sol gel method and
tested the actiyity of these catalysts to CO oxidation
reaction, The\obtained results were compared with
the. activity of the catalysts over supports obtained
fromocommercials.

EXPERIMENTAL DETAILS
Catalyst preparation

Promoted \aluminium-oxides were prepared
by sol geb and impregnation methods. Cerium (IV)
nitrate\ hexahydrate [Ce(NO;),.6H,0], aluminium
isopropoxide [Al(OC,Hs);, 97.5%], and ferrous
nitrate [Fe(NO;);] were obtained from Aldrich. They
were used as a precursor in the preparation of
supports by sol-gel method (Brinker and Scherer,
1990; Jones, 1989). Various supports were prepared
as the following procedure: Alumina isopropoxide
was used as a starting precursor. The known
amount of this precursor was added into hot water.
The solution was stirred for 30 min until the
solution was uniform. Then, a suitable amount of
nitric acid was added in order to peptize the sol.
After the sol became clear, a known amount of
cerium (IV) nitrate or of ferrous nitrate was added
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into the solution, and this solution was stirred for
30 min. The obtained solution was subsequently
aged overnight at a room temperature. After aging,
the sol was heated until it became gel. The obtained
gel was aging overnight. The final gel was dried
under conventional oven and then calcined at an
appropriate temperature. The obtained solid oxide
used as a support was ground and sieved to 80-100
meshes. The obtained supports were. impregnated
with a known amount of Pt (precursor by incipient
wetness impregnation' method.) The obtained
catalysts were purged-under H, conditions before
testing theircactivity \to €O oxidation,

The ‘other method used for the preparation of
doped alumina was an impregnation, which was the
same as'the method used for introducing Pt into the
sol-gel prepared supports. By this fmethod, alumina
(Al,O;) was obtained from Aldrich-This\alumina has
a specific surface area approximately, 157.0 m*/g. The
known amount of cerjum and platinum precursors
were added into \a <commercial alumina by
The| obtained solid was dried and
calcined ‘at the\same condition as the first method.

impregnation,

X-ray diffraction was used to identify the
phases present in these samples. A Rigaku Rotating
anode X-ray diffractometer system generating CuKa
radiation was used to obtain the XRD patterns.
Furthermore, the BET surface area and average pore
radius of catalysts were measured by an Autosorb-1
Gas Sorption System (Quantachrome Corporation).

Activity measurement

The activity of these catalysts was tested in a
micro reactor. The amount of catalysts used was
100 mg. The total gas flow rate was 80 cc/min. The
inlet gas composition contained 1%CQ, 1%0, and
balance with He. The reaction temperature was
controlled by a temperature controller with a K-
type thermocouple placed on the top of the catalyst
bed. The accuracy of the temperature measurement
was t1°C. The range of studied temperatures was
from 100°C to 220°C. All gases were trapped to
remove moisture before they passed through GC. The
gas composition at the entrance and at the exit of the
reactor was analyzed by GC with TCD detector.
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of an oxygen storage compound such as Fe,O,. This
results from the changing for oxidation state of Fe
from +3 to +2 causing Fe as an oxygen storage
element (similar to Ce). However, its performance
was weaker than that of Ce. Therefore, the better
activity of catalyst to CO oxidation was observed
when there was a presence of cerium oxide in the
catalyst. Again, all catalysts completely converted
CO to CO; at a temperature of 180°C.

CONCLUSIONS

This investigation may be concluded as follows:

1. The addition of an oxygen storage
compound, such as cerium oxide and iron oxide
into platinum over alumina catalyst has a positivé
effect on its performance to CO oxidation.

2. The preparation method is-a dominant
factor to obtain a high actiyity of promoted
platinum catalyst to CO-oxidation,

3. Tip of a b%Pt£5%Ce0i/ALO, (SG) was
145°C and T, of-a 5%Pt (over commercial alumina
was 170°C(“This result may be caused by the
presence-of ¢eria‘as an oxygen storage compound.

4. Specific surface area was not a strong
parameter to obtain a high activity to €COloxidation
of these types of catalysts.
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