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Partial Oxidation of Propene on Mo-Pr-0 Catalysts 
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A study of the propene mild oxidation on Mo-Pr-O catalysts and the characterization of cata- 
lysts (with Mo/(Mo + Pr) atomic ratios ranging from 0 to 1) has been carried out. The yield of CO + 
CO2 decreased and the selectivity to acrolein and acetaldehyde + acetic acid increased significantly 
with increasing MOO, content up to atomic ratios Mo/(Mo + Pr) = 0.80-0.88. Afterward, the 
selectivity decreased. The samples are composed of crystalline needles of MOO, and agglomerates 
where MO and Pr were detected. Pr is present as Pr601, in catalysts with low MO content, this oxide 
being gradually converted to Pr203 with increasing MOO, loading. It appears that the presence of 
Moor also has the effect of dispersing the praseodymium oxide. In the catalysts with high Pr 
content, the reduction rate decreases continuously with time indicating that this process takes 
place according to the contracting sphere model. However, the catalysts with high MO content 
present sigmoidal reduction curves; i.e., they reduce according to the nucleation model. The extent 
of reduction, for reduction times lower than 0.5 h, decreased with increasing MoOj content in the 
samples. The observed maxima in selectivity for partial oxidation products seem to be due to the 
higher structural stability of highly disperse Pr203 relative to Pr,O,, when the latter oxide is mixed 
with MOO, in the above atomic ratios. o 1987 Academic press, IK 

INTRODUCTION 

In the last years, catalytic oxidation has 
been the object of an intense study not only 
because of its theoretical interest but also 
because of its practical importance. Total 
oxidation processes have found wide appli- 
cation for the removal of atmospheric pol- 
lutants. Partial oxidation products are of 
great importance in the petrochemical in- 
dustry. For example, propylene is used in 
the preparation of polyurethanes and poly- 
esters. Acrolein (a product of propylene ox- 
idation) has been used for the obtention of 
methionine, glycerol (I), and acrylic acid 
(2), of great importance in the production of 
organic polymers. The introduction of cata- 
lysts based in Moo3 . B&O3 has represented 
a significant advance in selective oxidation 
of hydrocarbons. Other systems such as U- 
Sb (3), Sn-Sb (4), and Fe-Sb (5) oxides 
have, also, been used for this purpose. 

The rare-earth oxides catalyze a variety 
of reactions such as the isotopic exchange 

i To whom correspondence should be addressed. 

of molecular oxygen with the oxide lattice 
(6), dehydrogenation of alcohols (7, 8), oxi- 
dation of NO, NO2 (9), Hz (IO), propene 
(11), butane (12), etc. In this work we mod- 
ify Moo3 by addition of a second compo- 
nent (Pr601i) to study the effect of the rare- 
earth oxide in the properties of Mo-Pr-0 
catalysts. Pr,Oi, has been chosen because 
of its high catalytic activity for oxidation 
(12). To the authors’ knowledge, no data on 
activity and selectivity for oxidation on this 
binary system are available in the literature. 
The reactivity of the oxygen in the oxide 
has been shown to be a factor which plays 
an important role in the oxidation of hydro- 
carbons (13). Thus, particular attention has 
been paid to the strength of the bond of 
lattice oxygen in the different catalyst sam- 
ples and its influence in total and partial 
oxidation of propene. Indeed, selectivity to 
deep oxidation products was found to be 
high for catalysts containing labile oxygen 
(Pr60i1) while formation of acrolein, acetal- 
dehyde, and acetic acid is favored by 
st ongly bound oxygen. This is clearly seen 
by the observed disappearance of Pr601, 
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and the simultaneous appearance of small 
amounts of highly disperse Pr203 as the MO 
content in the samples increases. 

EXPERIMENTAL 

Materials 

The precursors were obtained by evapo- 
ration until dryness of solutions of 
(NH4)6Mo& * 4H20 (Merck, p.a.) and 
Pr(NO& . 5H20 (Fluka AG, p.a.) in HN03 
(Merck, reagent grade), at pH 2, in the 
proper concentrations for a given Mo/(Mo 
+ Pr) atomic ratio. The precipitate was 
dried overnight at 383 K and then heated in 
air at 0.15 K min-r up to 823 K and kept at 
this temperature for 14 h. The composition 
(atomic ratios Mo/(Mo + Pr)) and the BET 
specific surface areas (as determined by Kr 
adsorption at 77 K; Kr cross-sectional area, 
0.21 mm2) of the different catalysts are 
given in Table 1. 

Methods 

Catalytic activity. Details of the experi- 
mental technique used for catalytic activity 
experiments have been given elsewhere 
(14). The l-g catalyst samples (particle size 
between 0.42 and 0.59 mm) were mixed 
with SIC (of particle size as above) in a ra- 
tio catalyst : SIC = 1 : 4 in volume. Experi- 
ments were carried out in the interval 573- 

TABLE 1 

Composition and Specific Surface Areas of the 
Mo-Pr-0 Catalysts 

Catalysts Atomic ratio SBETO Temperature 
Mo/(Mo + Pr) (m* g-l) coefficient 

(kJ mole-‘) 

0 8.6 118.7 
0.09 14.0 116.6 
0.27 12.8 110.8 
0.43 7.0 108.7 
0.80 0.4 117.5 
0.88 0.5 106.2 
0.91 0.2 143.4 
0.95 0.2 - 
1 1.0 82.3 

u Kr cross-sectional area, 0.21 nmz. 

703 K; the reactants, water and helium 
were in molar ratios C3H6 : 02 : Hz0 : He = 
20: 30: 20: a (a, balance to atmospheric 
pressure). The total flow was 9.16 x 10m2 
mole h-t and the contact time W/F = 20 
g,,,, h moles CjH6’. Under these conditions 
no diffusional effects were observed. Blank 
runs for a reactant mixture of molar compo- 
sition as above, at 673 K, yielded a total 
conversion lower than 0.6%. Conversion 
into product i (xi (%)), total conversion (x, 
(%)), and selectivity to product i (Si (%)) 
were defined as 

moles of i x No. of C atoms of i 
Xi = moles of C3H6 x No. of C atoms of C3H6 x 100 

xt = x,, Sj = (XilXt) X 100. 

Analytical electron microscopy. Analyti- of the suspension obtained was then depos- 
cal electron microscopy measurements ited on a standard copper grid covered by a 
were carried out by means of a Philips SEM carbon film. The morphology of the speci- 
505 electron microscope equipped with a mens was examined by scanning electron 
Kevex energy-dispersive analyzer for the microscopy (SEM). The finely focused 
electron-stimulated characteristic X-ray electron beam allowed the analysis of the 
emission spectroscopy (EDAX). The accel- elemental composition of the samples, ei- 
erating voltage was fixed at 100 kV. The ther on local points or in selected areas of 
powdered samples were dispersed in dis- 3 x 3 mm. 
tilled water by an ultrasonic bath. One drop X-ray diffraction. X-ray diffraction pat- 
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terns of the oxidic (as prepared) and par- 
tially reduced catalysts were obtained with 
a Philips PW 1060 diffractometer operated 
at 36 kV and 20 mA, using nickel-filtered 
CL&~ (A = 0.1582 nm) radiation. 

Kinetics of reduction. Kinetics of reduc- 
tion measurements were carried out in a 
2000 Cahn microbalance working under dy- 
namic conditions. Sixty-milligram samples 
were heated at 773 K in a He stream (50 cm3 
mini) until a constant weight was obtained 
and then contacted with H2 (50 cm3 min-‘) 
at 773 K. The weight changes were taken as 
a measure of the extent of reduction ((Y) of 
the catalyst since the water readsorption is 
negligible under these conditions. cr was de- 
fined as the ratio between the experimental 
and the theoretical weight loss expected for 
a quantitative reduction of Moo3 to MoOz 
and of Pr601 I to Pr203. Initial reduction 
rates were calculated by analytical differen- 
tiation at time zero of the integral data fitted 
to a mathematical equation. 

RESULTS AND DISCUSSION 

Catalytic Activity 

The main products obtained in propene 
oxidation were CO, CO2, acrolein, and ac- 
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FIG. 1. Reaction rate for oxidation. (0) 643 K, (fl) 
673 K, (0) 703 K. 
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FIG. 2. Selectivity to acrolein (solid lines) and acet- 
aldehyde + acetic acid (dashed lines). (0, 0) 643 K. 
(A, A) 673 K, (0. n ) 703 K. 

etaldehyde; acetic acid and acetone were 
obtained in small concentrations. Values of 
rc,uh (rate of propene disappearance) as a 
function of the catalyst composition and 
temperature are plotted in Fig. 1 @clnI and 
products distribution at 703 K for catalysts 
with atomic ratio Mo/(Mo + Pr) < 0.43 
were not measured because the high cata- 
lytic activity observed in these cases did 
not allow a proper temperature control). 
The catalytic activity decreases for increas- 
ing Moo3 content in the catalyst; this effect 
becomes more pronounced for increasing 
reaction temperatures. However, this ac- 
tivity is nearly constant for Mo/(Mo + Pr) 
ratios between 0.40 and 0.90 showing little 
pronounced maximum for a ratio of 0.84- 
0.88. Temperature coefficients obtained 
from ln rc?& vs l/T Arrhenius plots are 
given in Table 1 (last column). 

Selectivities to acrolein, acetaldehyde + 
acetic acid, and CO + CO2 as a function of 
the catalyst composition and reaction tem- 
perature are given in Figs. 2 and 3. The 
yield of CO + CO2 is 100% for PrdOll at 673 
K and decreases remarkably for increasing 
MOO? content. The ratio CO/COZ presents 
a maximum for catalysts with Mo/(Mo + 
Pr) = 0.80-0.88 for the three temperatures 
studied. The selectivity to acrolein and ac- 
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FIG. 3. Selectivity to CO + CO2 at 673 K (0). CO/ 
CO2 ratios: (0) 643 K, (A) 673 K, (0) 703 K. 

etaldehyde + acetic acid is negligible for 
catalyst of Mo/(Mo + Pr) 5 0.43. How- 
ever, it increases significantly for catalysts 
with higher Moo3 content showing maxima 
for Mo/(Mo + Pr) = 0.80-0.88. The fact 
that the position of maxima for CO/CO2 ra- 
tio is practically coincident with maxima 
for partial oxidation products is consistent 
with previous data of propene oxidation 
on SiOz-supported MoOj-Pr601 I catalysts 
which showed that CO is a secondary oxi- 
dation product (25). This suggests that CO 
should be produced by oxidation of acrolein 
or acetaldehyde. 

SEM and EDAX Analyses 

SEM and EDAX micrographs of some 
representative Mo-Pr-0 catalysts are 
given in Fig. 4 (samples will be referred to 
as in Table 1). Catalysts b and d are com- 
posed by agglomerates with Pr as main 
component and MO in low concentrations. 
Catalyst e presents crystalline needles 
which are characteristic of MOO, and ag- 
glomerates where MO and Pr were de- 
tected. Catalyst f (not shown) gave micro- 
graphs similar to those of e, the difference 
being that in the former Pr was detected in 

the agglomerates in very low concentra- 
tions. It is seen in this series of micrographs 
that the Mo-Pr-0 catalysts are composed 
by a part formed by crystallized needles of 
Moo3 and a part of agglomerates composed 
of MO and Pr, the former decreasing and 
the latter increasing in concentrations with 
increasing Pr content in the catalyst. This is 
consistent with the fact that the specific 
surface areas observed in the catalysts 
where Pr is the main component (a-d, Ta- 
ble 1) are remarkably higher (by more than 
a factor of 10) than the areas of the catalysts 
with higher MO content (e-i). Catalyst a 
(Pr601r) has a specific surface area lower 
than that of catalysts b and c. This supports 
the view that the presence of Moo3 has the 
effect of dispersing the praseodymium ox- 
ide through formation of the Mo-Pr phase. 
The presence of phases composed only of 
Pr was not detected even in catalyst b with 
a high content in praseodymium oxide. 

X-Ray Diffraction 

X-ray diffraction patterns of some cata- 
lysts of the Mo-Pr-0 series are given in 
Fig. 5. Pattern a corresponds to Pr60r1. Pat- 
tern b contains peaks of Pr601 i and peaks of 
low intensity of Pr203 indicating that a frac- 
tion of Pr601i is transformed into Pr203. 
This phenomenon is clearly seen in patterns 
b, c, and d, where peaks of Pr601r and Pr203 
decrease and increase in intensity, respec- 
tively, as the Moo3 content in the catalyst 
increases (Mo/(Mo + Pr) ratio changes 
from 0.09 to 0.43). This clearly shows that 
Pr203 is structurally more stable than Pr6011 
when Moo3 is added to the latter. 

Further addition of Moo3 causes a pro- 
found structural change in the catalyst. 
Thus, patterns e (not shown) and f (of sam- 
ples with Mo/(Mo + Pr) = 0.80-0.88) are 
substantially different from the previous 
ones: Peaks of Moo3 and peaks of low in- 
tensity of Pr203 were found. No significant 
differences were observed between these 
patterns, similarly to that found in the cor- 
responding SEM micrographs of the re- 



PARTIAL OXIDATION OF PROPENE 329 

FIG. 4. SEM (top) and EDAX (bottom) micrographs for catalysts with variable atomic ratio, r = MO/ 
:Mo + Pr). Magnification, 4.02 x 10’. Samples as in Table 1. I 

spec tive samples. Pattern i corresponds to These samples are c, d, e, and f after being 
mol] tbdite (MoOj). used in the experiments of kinetics of re- 

X. -ray diffraction patterns for the reduced duction at 773 K in 50 cm3 min-1 HZ flow 
samj pies, cr, d,, e,, and f, are given in Fig. 6. (times of reduction can be found in Fig. 7; 

b 
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d 

FIG. 4-Continued. 
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e 

FIG. 4-Contintrd. 
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phase C 

FIG. 5. X-rav diffraction oattems for oxidized (as-prepared) catalysts. Samples as in Table 1. (A) 
Pr601,, (B) Pr& (C) MOO;. 

time of reduction for sample e, was 3 h). 
Patterns c, and d, contain only peaks of 
Pr203, these being more intense in the 
former. This indicates that reduction of 
Pr601r has been more complete in sample c 
than in sample d. Pattern e, includes peaks 
of ModOr r, MOO;!, and MO. The presence in 
pattern f, of peaks of unreduced Moo3 be- 
sides peaks of Mo40r 1, MOO;!, and MO indi- 
cates that reduction in sample e has been 
more profound than in sample f. 

Kinetics of Reduction 

Curves of kinetics of reduction under iso- 
thermal conditions (773 K) for the Mo-Pr- 
0 catalyst series are plotted in Fig. 7. The 
shape of the curves depends on the atomic 

ratio Mo/(Mo + Pr). While in the catalysts 
with a high Pr content (a, b) the reduction 
rate decreases continuously with time, the 
catalysts with high MO content (d, f, h, i) 
present sigmoidal reduction curves. This 
suggests that reduction takes place through 
two different mechanisms. Reduction of the 
Pr-rich catalysts (Mo/(Mo + Pr) < 0.27) 
takes place according to the contracting 
sphere model (26) where the process starts 
with a very fast nucleation which results in 
a total coverage of the catalyst grains 
(Pr60r1) by a thin layer of the reduced phase 
(Pr203). This causes a continuous decrease 
in the reaction rate in the interface Pr601,- 
Pr203 as the grains of the starting oxide are 
consumed in the reaction. Reduction of the 
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catalysts with high MO content (Mo/(Mo + (reduction of Mo03). These reduction pro- 
Pr)) 2 0.43 takes place according to the nu- cesses are described, respectively, by the 
cleation model: First, the reduction rate in- contracting cube equation (17), l-(1 -(y)iin 
creases because of the slow growth of nu- = kt, and by the Avrami-Erofeev equation 
clei already formed and the appearance of 1-a = exp(-kt”), where n and k are temper- 
new ones. In the inflection point, the re- ature-dependent constants. 
duced nuclei overlap and the reduction The reduction degree (a) is an important 
starts advancing from the surface to the factor which is a function of the composi- 
bulk. From this point on, the interface of tion of the catalyst. Thus, Pr-rich catalysts 
oxidized-reduced phases starts decreasing (Mo/(Mo + Pr) 5 0.9; a, b) reach a high 
and so does the reduction rate. The reduc- reduction degree in comparatively short 
tion curve yielded by the catalyst with a times, e.g., values of (Y of OS-O.7 were 
ratio of Mo/(Mo + Pr) = 0.27 (c) is a combi- measured at reduction times below 1 h. At 
nation of the characteristic curves pro- higher t, (Y increases very slowly. On the 
duced by the contracting sphere model (re- contrary, MO-rich catalysts (Mo/(Mo + Pr) 
duction of PrnO1 i) and the nucleation model 2 0.88; f, h, i) are reduced at a much lower 

phase A 

I 70 60 50 40 30 20 10 
28 

FIG. 6. X-ray diffraction patterns for reduced catalysts (reduction as in Fig. 7). Samples as in Table 
1. (A) Prh, (B) Mcdb. (Cl MoCh, 0 MO, (El MoO3. 
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FIG. 7. Kinetics of reduction in a flow of 50 cm-’ min-’ Hz at 773 K. Samples as in Table I. 

reduction rate, and consequently CY in- mentioned above, is also seen for catalysts 
creases very slowly throughout the period with ratios 0.27 5 Mo/(Mo i- Pr) 5 0.43. 
studied (3 h); after this time, the reduction The straight line connecting the initial re- 
rate does not tend to zero as rapidly as in duction rates of the pure components 
samples with high Pr content. On the other (Pr60i1 and Mo03) would indicate the ideal 
hand, these MO-rich catalysts reach higher behavior which would be followed if the r0 
reduction degrees (cw L 1) than samples values in the Mo-Pr-0 catalysts were addi- 
with lower MO concentration, for reduction tive rates of the pure components. The de- 
times t 2 3 h. This indicates that molybde- parture of the experimental r0 values from 
num in reduced Moo3 has an oxidation this line shows the inhibiting effect in the 
state lower than 4+ in accordance with X- initial reduction rate of Pr601, exerted by 
ray diffraction results which showed that Moo3 for Mo/(Mo + Pr) 5 0.27. This effect 
metallic MO, besides MoOz and ModO,, , is is much more marked in catalysts with 
present in e, and f, samples (Fig. 6). The atomic ratios Mo/(Mo + Pr) 2 0.43. be- 
samples with ratios 0.27 I Mo/(Mo + Pr) 5 
0.43 (c, d) exhibit a behavior which is inter- 
mediate between the two situations men- 
tioned above. The extent of reduction, as 
measured by cy, decreases with increasing 
Moo3 content in samples with both low 
(Mo/(Mo + Pr) < 0.27) and high (Mo/(Mo 
+ Pr) > 0.43) concentrations in Mo03. This 
is consistent with X-ray diffraction results. 

The initial reduction rates (rO) as a func- 
tion of the ratio Mo/(Mo + Pr) have been 
calculated and represented in Fig. 8. It is 
observed that two different reduction pro- 
cesses occur: a very fast one for catalysts 
where 0 5 Mo/(Mo + Pr) I 0.27 and a very Ho/lMa.Prl 

slow one for catalysts with 0.43 5 Mo/(Mo FIG. 8. Initial reduction rates as a function of the 
+ Pr) 5 1. The intermediate behavior, ratio Mo/(Mo + PI-). 
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cause of the gradual conversion of PrhO,, 
into Prz03 (see Fig. 5). 

Final Remarks 

In general, total oxidation is favored on 
catalysts with lattice oxygen of a high reac- 
tivity, weakly bound to the surface (18). On 
the contrary, partial oxidation is more 
likely to occur on catalysts with lattice oxy- 
gen of a lower reactivity. PrhOll has unsta- 
ble lattice oxygen of a high mobility, proba- 
bly because of its defective structure 
(between those of PrZ03 and Pro?) (19-22). 
Therefore, it falls within the first category. 
In accordance with this, PrhOll exhibits a 
high rate of exchange with molecular oxy- 
gen (18). 

A measure of the strength of the bond of 
surface oxygen with the lattice is the heat of 
formation of the oxide per gram-atom of ox- 
ygen (AH&. In agreement with the above 
considerations, Morooka et al. (23, 24) 
found the more active oxides for total oxi- 
dation of hydrocarbons to be those with 
lower AHMeo. PrhOil has a low heat of for- 
mation (12) and this explains its tendency 
to form deep oxidation products. 

However, an alternative form of measur- 
ing the strength of the surface oxygen bond 
is through reduction studies. AHM-o will be 
smaller (larger) for catalysts which are eas- 
ier (more difficult) to reduce. It is seen in 
Fig. 7 that the reducibility (as measured by 
the reduction degree, cw) for reduction times 
lower than 0.5 h decreases with increasing 
Mo/(Mo + Pr) ratios. In this same direc- 
tion, the selectivity to CO2 decreases and 
the selectivity to partial oxidation products 
increases (Figs. l-3). Similar correlations 
among reducibility, conversion, and selec- 
tivity were found by Sachtler and De Boer 
(25) in propene oxidation on a series of me- 
tallic molybdates and, also, by Germain and 
Perez (26) in propene oxidation on metallic 
oxides. 

These results are closely related to those 
reported by Trifiro et al. (27). These au- 
thors found that the most selective cata- 
lysts (within a series of molybdates) for 

propene oxidation are those exhibiting the 
lowest diffusion rate of lattice oxygen. Ox- 
ygen may be removed by diffusion of oxy- 
gen ions from the metal oxide to the in- 
terface reduced phase-gas (16) in the 
Mo-Pr-0 catalysts used in this study. 
Thus, the diffusion rate of oxygen will be 
lower and the selectivity will be higher for 
catalysts with lower reduction rates, i.e., 
those with higher Mo/(Mo + Pr) ratios, as it 
effectively occurs. 

Although the experimental results de- 
scribed further confirm the influence of the 
reactivity of lattice oxygen, it is firmly es- 
tablished that other factors play an impor- 
tant role in propene selective oxidation. 
Considerable evidence indicates that acro- 
lein formation takes place through a sym- 
metrical ally1 intermediate and subsequent 
insertion of oxygen (28). This occurs by in- 
teraction of the hydrocarbon and oxygen 
with a reduction site and an oxidation site, 
respectively, through a redox cycle. The 
catalyst bulk structure and the activation of 
both reacting molecules are, therefore, pa- 
rameters which greatly influence the overall 
oxidation process. 

Selectivity to acrolein, acetaldehyde, and 
acetic acid increases for increasing Mo/(Mo 
+ Pr) ratios in the catalysts and exhibits a 
maximum for ratios of 0.80-0.88 (Fig. 2). 
Formation of appreciable amounts of acet- 
aldehyde and acetic acid should take place 
by a different mechanism from that in- 
volved in acrolein formation (allylic inter- 
mediate). Portefaix et al. (29), based on la- 
beled propene experiments, demonstrated 
that the C-C cleavage to yield acetalde- 
hyde does occur at the C=C double bond, 
by simultaneous interaction of propene 
with two oxygen atoms, also giving formal- 
dehyde which is readily oxidized to CO?. 
The attack at the double bond was also evi- 
denced by Cant and Hall (30) in the study of 
olefin oxidation on supported iridium. The 
difference between selective oxidation to 
yield acrolein and complete oxidation (the 
degradation process) lies in the reactivity of 
the oxygen species responsible for their 
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conversion (13): Nucleophilic oxygen 
would lead to allylic oxidation and electro- 
philic oxygen to degradation products. 

catalysts all the praseodymium is present as 
Pr203. 

Praseodymium is present as Pr60t1 in the 
catalysts with low ratios Mo/(Mo + Pr) as 
shown by X-ray diffraction (patterns a-d, 
Fig. 5). PrhOl, is gradually converted to 
Pr203 with increasing Moo3 content. In 
samples with Mo/(Mo + Pr) = 0.80-0.88, 
the presence of Pr601 I was not detected; all 
the praseodymium was in the form of Pr2 
03. This oxide, as all the sesquioxides of 
rare earths, is very difficult to reduce (31) 
and its oxygen has a low mobility. These 
characteristics favor propene oxidation to 
partial oxidation products. On the other 
hand, Pr203 is in low concentrations in 
these catalysts but it is in a state of higher 
dispersion than Moo3 as shown by scan- 
ning electron microscopy micrographs (Fig. 
4). This disperse phase of Pr203 should be 
responsible for the maxima observed in se- 
lectivity. The decrease in concentration 
and eventual absence of Pr203 in catalysts 
with Mo/(Mo + Pr) > 0.88 cause the ob- 
served decrease in selectivity (Fig. 2). 

Reduction with H2 of Pr601t and Moo3 
takes place according to the contracting 
sphere and the nucleation models, respec- 
tively. These two models are operative in 
the reduction of Mo-Pr-0 catalysts. Moo3 
exerted an inhibiting effect in the initial re- 
duction rate of praseodymium oxide. This 
was found to be related to the conversion of 
Pr60t1 into Pr203. These results strongly 
suggest that Pr203 is responsible for the 
maxima observed in catalytic activity and 
selectivity. Formation of acrolein is fa- 
vored by strongly bound lattice oxygen. 

The authors are indebted to CSIC and CAICYT for 
sponsorship of this work (Project No. 120). Thanks are 
also due to Dr. J. Marti of Empetrol, S.A., for obtain- 
ing analytical electron microscopy micrographs. 

CONCLUSIONS 

A new catalytic system, Mo-Pr-0, has 
been used for propene oxidation. The cata- 
lytic activity first decreased for increasing 
Moo3 content and then showed a maximum 
for an atomic ratio Mo/(Mo + Pr) = 0.84- 
0.88. The selectivity to acrolein and acetal- 
dehyde + acetic acid increased significantly 
for increasing MOO, content showing max- 
ima for Mo/(Mo + Pr) = 0.80-0.88. SEM 
and EDAX analyses showed the more ac- 
tive and selective catalysts to be composed 
of crystalline needles of Moo3 and agglom- 
erates containing MO and Pr. The presence 
of Moo3 has the effect of dispersing the 
praseodymium oxide through formation of 
the Mo-Pr phase. XRD patterns showed 
that Pr60,t is gradually transformed into 
Pr203 with increasing Moo3 content in the 
samples. This indicates that Pr203 is struc- 
turally more stable than PrsOll when Moo3 
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is added to the latter. In the more active 14. 
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