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Formation of Al:(MoO4); on MoO3/y-AloO3 Catalyst Systems
as Studied by Luminescence Spectroscopy

Catalysts of the type Co/Mo/y-ALO, are
widely used in the oil and chemical indus-
tries. Their structure has been studied by
several investigators (1-4), but there is
considerable disagreement as to the occur-
rence of compounds such as CoMoO,,
CoAl, 0,4, and Al (MoO,);. On the basis of
reflectance spectroscopic data Lipsch and
Schuit (2) and van Sint Fiet (3) concluded
that in the Mo/y-Al,O, system an MoO,
monolayer is formed on the y-Al,O, support.
The reflectance spectra obtained by Krylov
and Margolis (4) seemed to be indicative of
the generation of Al,(MoO,);, but no such
evidence was found by Miller et al. (5)
from their X-PES results. The Al (MoO,);
particles, if formed, are generally too small
and too poorly crystallized to be detectable
by X-ray diffraction techniques.

In an attempt to clarify this situation we
investigated several MoQO./y-Al:O; samples
by a new method which makes use of the
luminescence from Cr** tracer ions. The
method is based on the fact that the wave-
length of Cr#*" emission depends on the lat-
tice in which the ion is incorporated. Thus,
emission from Cr®* in the supported catalyst
shows up as several signals, corresponding
to the various compounds present. By pre-
paring and measuring the relevant Cr*+-
doped compounds [y-Al,O;, MoO;, Al-
(Mo0O,);] separately, the compounds pres-
ent in the catalyst can be identified from a
comparison of the spectra.

The luminescence spectra were recorded
on the speetrometer described previously
(6). Since the Cr3* R line emission in
Al,(MoO,); has a relatively short deeay
time (<0.5 ms) the equipment was rear-
ranged for fluorescence measurements by
placing the slots of the two chopper discs
of the Beequerel-type phosphoroscope in
phase (6). Scattered light, which can be

very intense in this arrangement, was effi-
ciently suppressed with the aid of “crossed
filters.”

Al (M00y),:Cr was prepared from a so-
lution containing stoichiometric amounts of
Al(NO,); and ammonium heptamolybdate,
together with a trace of Cr(NO,), [0.1% w
Cr on Al,(MoQ,),]. The solution was evap-
orated to dryness and the residue succes-
sively caleined at 500°, 700°, and 900°C.
Identification of Al,(MoQ,), was achieved
by X-ray analysis. The powder pattern of
this compound was simulated using the
single crystal data of the isomorphous
AL (WO0,); (7) together with molybdenum
scattering factors and the Al,(Mo0Q,); lat-
tice parameters.

Mo0O,/y-AL,0; catalysts (up to 20% w
Mo) containing 0.01% Cr were prepared by
adding Cr(NO,); to the ammonium hepta-
molybdate impregnation solution. The
y-Al:O; support was prepared from crystal-
line boehmite (surface area 120 m2/gm).
After dry impregnation the catalyst was
dried and calcined at 500°C.

Figure 1 shows the emission spectrum of
Al;(MoOy);:Cr. The two sharp peaks at
about 740 nm are attributed to phosphores-
cence emissions from the 2E, level. The
broad band around 810 nm is due to fluores-
cence from the *T,, level. The spectrum is
characteristic of Al,(Mo0O,);:Cr since Cr
emissions in oxide lattices are normally
found at lower wavelengths, between 690
and 720 nm (8).

The emission spectra of y-AlLQO;:Cr in the
fluorescence and the phosphorescence mode
were identical, consisting of a peak at 703
nm with a shoulder at 720 nm. MoO,:Cr
gave no measurable emission.

The emission, measured in the fluores-
cence mode, from the 10% Mo/y-Al,04
catalyst is shown in Fig. 2. Comparison with
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Fia. 1. Emission spectrum of Al{MoQ4);:Cr.

Fig. 1 unambiguously shows that this is the
spectrum due to Cr in Al,(MoQ,)s, thus in-
dicating the presence of this compound in
catalysts calcined at 500°C. The emission
due to y-Al,0;:Cr measured in the fluores-
cence mode was extremely weak.
Al;(MoO,); formation was also estab-
lished for catalysts with lower loadings:
with 3% Mo and after 3 hours calcination
at 500°C, the compound could still be de-
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Fic. 2. Emission spectrum of 10% MoOs/y-
Ale;;ICr.

NOTES

tected. Its generation in catalysts with high
Mo loadings was confirmed by X-ray
diffraction.

In conclusion, our results clearly demon-
strate the existence of Al,(MoO.), on the
catalyst. From the sharpness of the emission
bands it is evident that the compound is
formed in more than a monolayer and is
reasonably well crystallized. The occurrence
of small MoO; crystallites, however, cannot
be entirely ruled out. In the formation of
Al;(MoO,);, Mo% ions change from octa-
hedral to tetrahedral coordination (9).

Similar results (10) were obtained by us
for the WO,/y-ALO; system, where Raman
and Cr** phosphorescence spectra estab-
lished the formation of AlL(WO,)s.
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