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Propane oxidation activity over Pt/zirconia was studied as a function of metal concentration,
metal surface area, and temperature. The catalysts, prepared by multiple impregnation of zirconia
with chloroplatinic acid, ranged in concentration from 0.02 to 1.5 wt% Pt. A recirculation batch
reactor was used for the activity experiments. At a fixed amount of Pt {4 mg), the oxidation rate
decreased by a factor of 20 with increasing metal concentration. When calculated per Pt surface
atom, as determined by CO chemisorption, the specific oxidation rate initially decreased and then
reached a constant value at concentrations above 0.10 wt% Pt. The apparent activation energy
remained constant at 17.8 * 3.5 kcal/mol with Pt concentration. To evaluate the effect of support
material, the data were compared to an analogous study in our laboratory over Pt/y-alumina. Over
highly dispersed platinum, propane oxidation activity was two orders of magaitude faster over Pt/
zirconia as compared to Pt/y-alumina. The activity change reflects a difference in interaction
between support and catalytic metal. At higher Pt concentrations the influence of the support
vanishes and the rate constants on both supports are the same, as expected. At lower Pt concentra-
tions, metal redispersion occurs readily in oxygen at 500°C on y-alumina, but not on zirconia,

according to observed changes in propane oxidation rate.

INTRODUCTION

Hydrocarbon (HC) oxidation is of contin-
ued interest in the automotive industry be-
cause of stricter government emission stan-
dards. Alkane oxidation compared to other
hydrocarbons, for example alkenes, is rela-
tively slow (/). Hence, while the total HC
concentration decreases as the exhaust
passes through the catalytic converter, the
fraction of low-molecular weight alkanes in-
creases. For example, Sigsby et al. (2)
reported that the alkane fraction at the cata-
lyst outlet had increased by about 30% com-
pared to the inlet. Thus, in order to meet
projected standards for HC emissions, a bet-
ter understanding is needed of the parame-
ters which influence the inherently slow
oxidation of short-chain alkanes. This inves-
tigation addresses differences in activity
which are associated with a change in Pt
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loading (dispersion), thermal treatment, and
support material by comparing zirconia and
y-alumina supports.

Previous investigations of alkane oxida-
tion over Pt catalysts have focused on the
unsupported metal (3, 4) and on y-alumina
(5, 6) or ceria/y-alumina (6) supports. These
studies concluded that the propane oxida-
tion rate, calculated per Pt surface atom, is
dependent on metal loading. In other words,
propane oxidation over Pt behaves as a
structure sensitive reaction. It has been
shown for the Pt/y-alumina system that
small metal clusters, which exist at low
metal concentrations, exhibit properties
much different from those of higher metal
concentration, which resemble bulk metal
(7-9). The question arises as to whether the
difference between small clusters and larger
crystalline particles is caused by a change
in particle properties or by a metal-support
interaction. Independent of the support,
small metal clusters are inherently different
from bulk-like particles. It is known that
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small clusters consisting of 50 to 100 atoms
exhibit different crystallographic planes and
possess different physical properties, such
as melting temperature, compared to the
bulk solid (/0). For even smaller unsup-
ported clusters, containing less than 25
atoms, nonmonotonic fluctuations have
been reported when changing the cluster
size by one atom at a time (//, 12). The
support material may, depending on its own
characteristics and properties, influence ca-
talytic activity for highly dispersed metals
in direct contact with the support. As the
metal concentration is increased and the
particles begin to grow the influence of the
support is expected to decrease. Clearly, it
is difficult to analyze the basic differences
in activity of small metal clusters and larger
bulk-like particles, especially since the sup-
port material itself may influence the topog-
raphy and energetics of the catalytic metal.

Recently, methane oxidation was com-
pared over Pt/zirconia and Pt/y-alumina
(13). For highly dispersed Pt the oxidation
rate was about 10 times faster over Pt/zirco-
nia compared to Pt/y-alumina. A possible
explanation for the rate difference is that
zirconia is a less reactive support compared
10 y-alumina (/4). Methane oxidation, how-
ever, proceeds through a different reaction
mechanism compared to higher alkanes be-
cause of the lack of a C-C bond. It is of
interest to study whether the influence of
the support observed for methane oxidation
(13) is also observed for higher alkanes. In
the current study propane oxidation was
chosen as a model for alkane oxidation. Zir-
conia was used as a support material for Pt.
The results are compared to an analogous
study in our laboratory on Pt/y-alumina (5)
to assess the influence of the support mate-
rial, metal concentration, and pretreatment
conditions.

EXPERIMENTAL

The zirconia used in the study was a high-
temperature “ceramic grade” material ob-
tained from Aldrich. It was highly crystalline
and had a monoclinic structure as indicated
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by X-ray diffraction (/5). The BET surface
area, as determined by nitrogen adsorption
at liquid nitrogen temperature, is 5.5 m?/g.
The catalysts were prepared by saturating
the well-stirred zirconia with approximately
one-half of the desired amount of chloropla-
tinic acid. The samples were dried at 120°C
for 2 hin air, followed by a repeat impregna-
tion with the remaining Pt solution. The cat-
alysts were again dried at 120°C for 2 h and
finally calcined at 600°C for 20 h. The con-
centration range was 0.02—1.5 wt% Pt. The
pretreatment was kept constant for all sam-
ples with reduction in hydrogen at 400°C
for 2 h, followed by exposure to oxygen
at 500°C for 20 h. The above procedure is
analogous to the method used in the synthe-
sis of the Pt/y-alumina samples (5).

A recirculating batch system was used for
the activity measurements. The total vol-
ume of the system was about 500 cm?, with
a reactor volume of approximately 150 cm®.
Details of the glass apparatus are described
elsewhere (/6). The reactant mixture con-
sisted typically of 10 Torr propane, 120 Torr
oxygen, and 520 Torr argon (1 Torr = 133.3
Pa). Pressures were measured by a quartz
spiral manometer. The initial mixture wasre-
circulated through the system, bypassing the
reactor, for at least 20 min to allow complete
mixing. At a predetermined time the stop-
cocks to the evacuated heated reactor were
opened and the gases were passed through
the powdered catalyst which was suspended
on a quartz-glass fritted disk. A glass-
enclosed thermocouple was positioned di-
rectly above the sample to measure the reac-
tion temperature. In the initial experiments,
each sample contained 4 mg Pt, as in the
case of the Pt/y-alumina study (5). How-
ever, mass-transfer problems developed be-
cause of the large amount of sample required
for 0.02-0.04 wt% Pt/zirconia. Thus, for
these catalysts a constant amount of sample
(1 g) was used with the data normalized to
represent 4 mg Pt. To check the validity of
this procedure, the activity experiments for
0.1-1.5 wt% Pt/zirconia were repeated us-
ing a 1-g sample. The data from both sets of
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experiments were in good agreement. Thus,
compatible data are reported on the basis of
1-g sample size, adjusted to represent 4 mg
Pt.

Data points for the activity curves were
obtained with a mass spectrometer (VG
Quadrupoles) which was initially calibrated
with pure propane, oxygen, carbon dioxide,
and argon. A sample (I ¢m®) was injected
into the mass spectrometer to measure the
gas composition as a function of time. The
mass peaks monitored were m/e 29 (frag-
mentation peak, propane), m/e 32 (parent
peak, oxygen), m/e 40 (parent peak, argon),
and m/e 44 (parent peak, carbon dioxide).
The contribution of propane to the m/e 44
peak was determined and subtracted. Argon
(ml/e 40) was used as a reference for peak
intensities. Based on the fixed amount of
argon the concentrations of reactants and
products were determined. Thus, the con-
sumption of propane (m/e 29) in the gas
phase was monitored as a function of time.
Under the standard experimental condition
of excess oxygen (O,: C;Hy = 12: 1) the end
product of the carbon consumed consisted
of at least 95% CO,, as determined by the
carbon balance and also, by comparison of
the amounts of propane and oxygen reacted.
The amount of CO was considered to be
negligible since the peak at m/e 28 was fully
accounted by background nitrogen and CO,
fragmentation. The amount of surface Pt
was measured volumetrically by CO chemi-
sorption at room temperature on samples
reduced in hydrogen at 400°C and thor-
oughly evacuated in sit. A conventional
glass vacuum apparatus was used for the
volumetric measurements. The pressure
was measured by a quartz spiral manome-
ter. The unoccupied volume of the adsorp-
tion vessel was measured by helium expan-
sion from a calibrated volume.

RESULTS AND DISCUSSION
Propane Oxidation Rates over Pt/ Zirconia

The rate of propane oxidation over bulk
(4) and supported (5) Pt has been described
as first order with respect to propane con-
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Fi1G. 1. Reaction isotherms of propane oxidation on
0.81 wt% Pt/zirconia at (@) 230°C, (W) 275°C, and (®)
310°C.

centration and independent of oxygen pres-
sure provided an excess of oxygen gas is
used. For the current study the initial re-
actant mixture consisted of propane and ox-
ygen at a ratio O,: C;Hy = 12: 1. The com-
plete oxidation of propane to carbon dioxide
requires a ratio of O,: C;Hy, = 5: 1.

In Fig. 1 propane per batch volume is
plotted logarithmically as a function of time
for 0.81 wt% Pt/zirconia. Reactionisotherms
measured at 230, 275, and 310°C are shown.
The linearity of the data illustrates that pro-
pane oxidation, under our experimental con-
ditions, can be described as first orderin pro-
pane concentration. Increasing the oxygen
pressure 2-5 fold had no effect on the oxida-
tion rate. The system required about 10 min
to reach steady-state conditions. In some
cases, the rate decreased after about 90 min
and the activity data deviated from linearity.
However, the deactivation was reversible
in that the original activity was completely
restored after a brief evacuation at the reac-
tion temperature between experimental
runs. An example of reaction-isotherm cur-
vature and its reproducibility is depicted in
Fig. 2 for two consecutive activity experi-
ments at 275°C for 0.81 wt% Pt/zirconia.
The data presented in Figs. 1 and 2 for 0.81
wt% Pt/zirconia illustrate the limits in cur-
vature, ranging from a good linear fit (Fig.
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FiG. 2. Reaction isotherms of propane oxidation on
0.81 wt% Pt/zirconia at 275°C for (O) run 1 and (@)
run 2.

1) to pronounced curvature (Fig. 2). No
meaningful correlation between the occa-
sional curvature and basic reaction parame-
ters, such as Pt concentration or reaction
temperature, was established. The reasons
for the occasional deactivation remain un-
certain and thus. the data were analyzed
within the linear portion of the plot from 10
to 90 min.

The rate constant, &, can be described by
two parameters k, and £. The preexponen-
tial factor, kg, is related to the density of
active sites and E is an apparent activation
energy derived from the temperature depen-
dence of k. The apparent activation energy
remained constant at 17.8 = 3.5 kcal/mol
over the entire Pt concentration range, as
shown in Fig. 3. Any systematic change with
metal concentration, if it exists, falls within
the limits of data scatter. This value is in
agreement with previously reported activa-
tion energies for propane oxidation over Pt
which range from 17 to 22 kcal/mol (3-6).
Results of a parallel investigation (5) from
this laboratory are also plotted in Fig. 3 for
comparison. The average apparent activa-
tion energy obtained for Pt/y-alumina (5),
22.1 = 3.4 kcal/mol, is 4 kcal/mol higher
than that over Pt/zirconia. At this point,
the difference is thought to be insignificant
considering the experimental uncertainty in-
volved.
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FiG. 3. Apparent activation energy for propane oxi-
dation as a function of Pt concentration for (@)
Pt/zirconia, (—) average for Pt/zirconia: 17.8 = 3.5
kcal/mol; and () Pt/y-alumina (5). (— —) average for
Pt/y-alumina: 22.1 * 3.4 kcal/mol. Marker represents
3.5 kcal/mol.

Effect of Pt Concentration on
Oxidation Rates

The dependence of the rate constant, &,
on Pt concentration is shown in Fig. 4. The
rate constant decreased by a factor of 20,
from 152 x 10" %10 6.55 x 10" min~!, over
the concentration range from 0.02 to 1.5
wt% Pt. Thus, for a given amount of Pt, the
rate is fastest over highly dispersed metal
and decreases as the particle size increases.

For highly dispersed Pt it is assumed that
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FiG. 4. Rate constant, k, for propane oxidation as a
function of Pt concentration at 275°C. Values represent
4 mg bulk Pt for each case.
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TABLE |

Dependence of Dispersion on Pt Concentration

Concentration Measured Dispersion  Assumed
Pt (wt%) (CO:Pt = 0.70: 1) in Fig. §
0.02 212 1.00
0.03 1.6t 1.00
0.04 1.02 1.00
0.10 0.38 0.38
0.81 0.20 0.20
1.50 0.08 0.08

every Pt atom is a surface atom (/7). As the
concentration is increased and the particles
begin to grow, the number of surface atoms
on a constant amount of Pt decreases. An
alternative approach is to express the rate
constant per Pt surface atom. The disper-
sion, or fraction of surface atoms, was deter-
mined by CO chemisorption. Based on pre-
vious considerations (5, /7) an adsorption
stoichiometry Of COchcmlsorhed:Ptmrmuc atom
= 0.7:1 was used to calculated metal dis-
persion. The measured dispersions are
shown in the second column of Table I.
The tabulated values were corrected for CO
adsorption on zirconia. Dispersion values in
Table 1 for the two samples of lowest metal
concentration, 0.02 and 0.03 wt%, exceed
1.0. A maximum value of one is expected
for the dispersion when every Pt atom is a
surface atom. For highly dispersed samples
adsorption on the support can introduce a
large error because of the extremely small
amount of metal present. Also, multiple ad-
sorption on highly dispersed metal cannot
be ruled out (7, I8, 19).

An expression describing the turnover
rate per Pt surface atom is derived by divid-
ing the rate constant by the dispersion. This
type of rate constant is examined in Fig. 5.
Data reproducibility at the lower concentra-
tions is quite good, as shown by the small
error bars in Fig. 5. However, the calcula-
tion of a specific rate per surface Pt atom
introduces another substantial intrinsic un-
certainty associated with Pt dispersion.
Based on CO adsorption (Table 1) disper-

HUBBARD ET AL.

0.2 T T
- 1
E onl &g 11
o |
8 ‘”% N ] 1
IS I S
f 005 I ]
3 }
& | ‘ J !

8o X T B Y

Pt Concentration (weight %)

F1G. 5. Specific rate constant calculated per Pt sur-
face atom for propane oxidation as a function of Pt
concentration at 275°C. Values derived from disper-

sions listed in Table |: (@) column 2, (- —) average
value over concentration range: 82.6 = 17.3 x 107}
min~ ! (0) column 3. (—) average value above 0.10

wi% PL: 72.9 = 10,9 x 107 min~ .

sion values greater than unity were mea-
sured. It 1s questionable, however, whether
multiple adsorption, which is indicated by
the CO chemisorption data, exists also for
the larger propane molecule, especially in
the presence of oxygen. To illustrate this
difficulty, two sets of data are plotted in
Fig. 5 at the two lowest concentrations. The
filled symbols display the specific rate con-
stant calculated with the dispersion values
measured by CO chemisorption (Table 1,
column 2). The open circles represent the
data assuming a maximum dispersion of one
(Table 1, column 3). Clearly, an intrinsic
shortcoming exists in determining a turn-
over rate per surface atom based on conven-
tional chemisorption capacity. Indeed, one
cannot always expect the basic assumption
to hold that the density of chemisorption
sites measured by one gas at room tempera-
ture represents the density of active sites
involved in the catalytic reaction of another
gas at a different temperature. Although fre-
quently the reaction-site density appears to
be proportional to a chemisorption-site
density,

If a maximum dispersion of unity is as-
sumed, the specific rate constant is greatest
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for the samples at the lowest concentrations
and decreases by a factor of two to a con-
stant value of 72.9 = 10.9 x 107* min™'
above 0.10 wt% Pt (Fig. 3, solid line). This
curve resembles the trend shown in Fig. 4
for the rate constant measured over a con-
stant amount (4 mg) of bulk Pt. The change
in Fig. 5, however, is quantitatively much
fess pronounced. An increased activity de-
rived for the highly dispersed Pt has to be
explained by an increase in the density of
active sites, since the apparent activation
energy remains constant with metal concen-
tration. Somorjai (20) has pointed out that
“rough surfaces do chemistry™ presumably,
at least in part, because of a more advanta-
geous adsorption geometry. Surface rough-
ness seems to prevail on smaller crystallites
which tend to possess more kink and step
sites and thus favor catalysis, while larger
particles exhibit more planar or terrace sites
(/0). One cannot categorically reject a sec-
ond interpretation of the data invoking a
promotion effect of the zirconia support.
However, it appears less likely that zirco-
nia, which does not interact strongly with
the active metal (/4), would synergistically
enhance the catalytic activity of Pt.

On the other hand, if a Pt atom would
provide dual adsorption sites for propane
the change in catalytic activity as a function
of dispersion, i.e., particle size, becomes
too small to be convincing within the repro-
ducibility of the rate constant. Under the
assumption of dual site adsorption, indi-
cated by the filled symbols in Fig. 5, and
considering the poor rate reproducibility at
the two highest Pt concentrations the rate
constant is given by a constant value of
82.6 + 17.3 x 107 min~! (Fig. 5, dashed
line). Therefore, it can only be safely stated
that different from y-alumina which interacts
strongly with highly dispersed Pt and deacti-
vates it, zirconia does not inhibit the cata-
lytic activity of Pt. In summary, the combi-
nation of a support that does not strongly
interact with the metal and the abundance
of certain Pt sites predominant on small
clusters provides catalytic activity for pro-
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pane oxidation which is as good as, if not
better than that provided by larger Pt parti-
cles, where a support effect is negligible.

Effect of Sample Pretreatment

Redispersion of Pt on y-alumina has been
shown to occur under oxidizing conditions
at about 500°C provided chloride was pres-
ent ({7, 21-25). The mechanism is thought
to occur via a mobile platinum oxychloride
species (22, 24, 25). The Pt/zirconia samples
of this study were prepared from chloropla-
tinic acid and it was of interest to investigate
whether platinum could be redispersed on
zirconia as well.

Previously, CO adsorption was used to
monitor changes in dispersion of Pt/y-alu-
mina after various pretreatments (25). In an
analogous fashion, CO chemisorption was
used to measure the dispersion of 0.10 wt%
Pt/zirconia before and after exposure to ox-
ygen. Evidence for Pt redispersion on y-
alumina under these conditions was ob-
served after 12 h (/7). After standard pre-
treatment the measured dispersion of 0.10
wt% Pt/zirconia was 0.38 = 0.05. After ex-
posure to oxygen for 96 h at 500°C the mea-
sured dispersion was 0.40 x 0.04. Thus, Pt
is not easily redispersed on zirconia com-
pared to y-alumina. Recall that zircoma
does not interact strongly with the active
metal compared to y-alumina (/4). There-
fore, there is no driving force toward redis-
persion of Pt supported on zirconia as there
is for y-alumina.

To further investigate the effect of oxygen
pretreatment on Pt/zirconia, experiments in-
volving oxidation/reduction cycles at 500°C
were conducted. Figure 6 is a plot of the rate
constant over 4 mg of bulk Pt for a number
of reaction isotherms. The data points repre-
sent the activity measurements at 230°C for
0.10 wt% Pt/zirconia. Points not shown
(runs 3,5,6,7) were measured at 275°C. The
vertical lines on the graph indicate the con-
ditions of sample treatment prior to the ac-
tivity experiment. The rate constant for the
first three isotherms (runs 1,2.4) was .80 =
0.6 x 1073 min~'. The sample was then
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FiG. 6. Changes in rate constant, &, at 230°C after
oxygen and hydrogen treatments at different tempera-
tures and exposure times on 0.10 wt% Pt/zirconia.

heated in hydrogen at 500°C for 40 h. The
propane activity increased 4.5 times to
8.42 x 107* min ' (run 8). The sample was
then alternatively heated in oxygen and hydro-
gen, mostly at S00°C, as shown in Fig. 6, with
activity experiments at 230°C conducted be-
tween sample treatments. Overall, the rate
constant remained unchanged at 8.52 =
0.9 x 107 min~ " with further cycling. It is
interesting to note that the catalyst sample
appears to exist in two different “stable
states.” The first one of lower activity exists
after standard sample pretreatment: calcina-
tion in air at 600°C for 20 h, followed by
reduction in hydrogen at 400°C for 2 h and
finally exposure to oxygen at 500°C for 20
h. Reduction in hydrogen at 500°C for 40 h
produced a catalyst with significantly en-
hanced activity. Further exposure at 500°C
to either oxygen or hydrogen had little effect
on the propane oxidation rate. The lower
initial activity may reflect an inhibition by
residual chloride, which is removed during
hydrogen treatment.

Comparison of Ptly-Alumina
and Pt/ Zirconia

To assess differences originating from the
support, zirconia was chosen for a compari-
son with y-alumina (5) since the two materi-
als possess distinctly different properties.
For example, zirconia is a highly crystalline
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face atom for propane oxidation as a function of
Pt concentration at 275°C for (@} Pi/zirconia and
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material with a relatively low BET surface
area of 5.5 m?/g, compared to y-alumina,
which is poorly crystalline and has a much
higher BET surface area of 85 m*/g.
Figure 71s a comparison plot of the depen-
dence of the specific rate constant on plati-
num concentration for Pt/zirconia and Pt/y-
alumina (5) at 275°C. To account for the
difference in support surface area the ab-
scissa unit is a metal concentration term de-
fined as the amount of Pt per BET surface
area. For Pt/zirconia, the maximum specific
activity for propane oxidation is found at
low metal concentrations. At the same low
concentrations, the specific activity for
Pt/y-alumina is at its lowest, two orders of
magnitude less compared to Pt/zirconia. The
difference in activity reflects the influence of
the support on the catalytic metal. Small Pt
particles supported on y-alumina require a
higher reduction temperature compared to
large particles which behave similar to bulk
Pt (7). This observation can be taken as evi-
dence of the interaction between y-alumina
and highly dispersed Pt. Zirconia is a less
reactive support compared to y-alumina as
indicated by infrared data of CO adsorption
(13). Dispersed Pt on y-alumina has a CO
adsorption band at 2068 ¢cm ™' and can be
distinguished from crystalline Pt which has
an adsorption band at 2080 cm ™', For Pt/
zirconia only one CO adsorption band at
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2080 c¢cm ™2 was observed over the entire
concentration range. This is evidence that
Pt does not interact strongly with zirconia.
Thus, it appears that highly dispersed Pt is
very active for propane oxidation provided
the metal is supported on an inert material.
An alternative explanation, based on a syn-
ergistic catalytic enhancement of Pt by a
weakly interacting zirconia, cannot be ruled
out. On the other hand, small Pt clusters are
partially deactivated when supported on -
alumina because of an interaction with the
support. Theoretical sites densities based on
common reaction mechanisms can be calcu-
lated from fundamental constants and ex-
perimental data (26). Based on previous data
(5), only one-third of the sites of highly dis-
persed Ptony-aluminaare active for propane
oxidation compared to highly dispersed Pt
on zirconia. At higher Pt concentrations
the influence of the support vanishes and the
rate constants on both supports are the
same, within experimental uncertainty,
as expected.

Sample pretreatment can also have an in-
fluence on propane oxidation activity over
Pt/zirconia and Pt/y-alumina (5). Exposure
to hydrogen at temperatures of at least
500°C increases the oxidation rate over both
supports. While exposure to oxygen at
500°C has no effect on the rate for Pt on
zirconia, redispersion occurs readily on -
alumina (17, 21-25). In fact, a decrease in
oxidation rate over Pt/y-alumina has been
observed even at temperatures below 300°C
during propane oxidation (5).

CONCLUSIONS

(1) The specific rate of propane oxidation
over Pt/zirconia calculated per Pt surface
atom was found to decrease with Pt loading
in the concentration range from 0.02 to
about 0.10 wt% Pt (0.2-0.9 umol Pt/m* BET
surface area). This conclusion is based on
the assumption that the oxidation process
does not involve chemisorption of more
than one propane molecule per Pt surface
atom. Taking into account uncertainties as-
sociated with the apparent Pt dispersion it
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can be safely stated that the propane oxida-
tion activity over Pt/zirconia is not lowered
by a metal-support interaction. For higher
concentrations, i.e., larger Pt particle size,
the specific oxidation rate remains constant
with Pt [oading and is in agreement with that
measured for Pt/y-alumina.

(2) The catalytic activity of highly dis-
persed platinum for propane oxidation is at
least one order of magnitude higher on
Pt/zirconia than on Pt/y-alumina. This obser-
vation is in agreement with results reported
recently by Hicks et al. for methane oxida-
tion (/3). Thus, while Pt becomes deacti-
vated by an interaction with y-alumina, any
interaction between platinum and zirconia,
if it exists, results in catalyst promotion, not
inhibition as is observed for Pt/y-alumina.

(3) The rate change with particle size is
predominately associated with a change in-
the density of active sites, since the appar-
ent activation energy remains constant at
17.8 = 3.5 kcal/mol with concentration. The
average apparent activation energy for pro-
pane oxidation is somewhat lower than that
measured for Pt/y-alumina, but both values
are considered to be identical within the ex-
perimental error.

(4) The lack of interaction between Pt and
zirconia prevents redispersion of Pt, ob-
served in the case of y-alumina at low Pt
concentrations. Thus, pretreatment in oxy-
gen up to 600°C has been found to have little
effect, if any, on the activity of Pt/zirconia.
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