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Influence of Coprecipitated Cobalt on the Reducibility of Vanadium

Phosphate
B. K. Hodnett*t and B. Delmon

Groupe de Physico-Chimie Minerale et de Catalyse, Universite Catholique de Louvain, Place Croix du Sud, 1,

1348 Louvain-la-Neuve, Belgium

The reducibility of 8-vanadium phosphate doped with cobalt has been measured and correlated with changes

in the textural properties brought about by this dopant.

In recent years numerous patents have been issued for pro-
cesses which attempt to increase the activity, selectivity, and
lifetime of vanadium phosphate based catalysts used in the
selective oxidation of n-butane or butenes to maleic anhydride
by the addition of small quantities of a third metal.~® The
exclusive role of some additives is probably to increase the
catalyst lifetime by supressing sublimation of phosphorus at
the high temperatures at which these catalysts work and thus
retainingan optimum P: V ratio.”® This is the case withalkaline
earth metals. Other metals have been reported to increase the
selectivity. Among the metals which have been reported in the
patent literature as dopants for this purpose Zn,**-1! Tj10
U,'2 Cu,** 8i,% and Ca? have figured prominently. However no
explanation of their mode of action has been reported. In
particular it is known that additives may drastically change
the textural properties of catalysts,'® but there have been no
reports of this aspect for vanadium phosphate based catalysts.

We report herein an attempt to determine the influence of
coprecipitated cobalt on the textural properties and reactivity
towards hydrogen of well crystallised 3-VPO;. Indeed it is
generally recognised that the catalytic properties of oxidation
catalysts are related to their reducibility and oxidisability.!
We have shown that this is true for undoped VPO catalysts.15-17
It was thus logical to investigate together the influence of
cobalt on the textural properties and reducibility of doped
catalysts.

t Present address: Department of Chemistry, University of
Waterloo, Waterloo, Ontario, Canada N2L 3Gl.

In order to demonstrate as clearly as possible the influence
of added cobalt it was necessary to begin with a well defined
system. Therefore we could not choose a catalyst which would
give an optimum selectivity as this would contain several
phases.’® Instead, the P:V ratio (=1) and calcination condi-
tions were chosen so as to give an undoped material consisting
almost entirely of 8-VPO, whose structure is well known.!s

The catalysts used in this study were prepared by adding
9.1 g V,0; and the appropriate amount of Co(NO,),.6H,0, to
give Co:V atomic ratios in the range 0—0.05, to 150 g 859
lactic acid in water and refluxing for 16 h. This was followed
by the addition of 11.42 g 859, H,PO, in water and the result-
ing solution was refluxed for a further 4 h. The excess lactic
acid was evaporated off and the solid obtained was calcined at
773 K in air for 16 h. This material was made into pellets,
broken up, and sieved. The particles of size 0.315—0.5 mm
were retained. The average oxidation states of vanadium were
measured by dissolution of the catalysts in 2 M H,SO, followed
by double titration using KMnO, and Fe(NH,),(SO,),.15:1¢
Values close to -+-4.9 were obtained over the whole range of
cobalt contents. Specific surface areas were measured by the
Brunauer-Emmett-Teller (B.E.T.) method using nitrogen as
the adsorbate at 77 K. Reductions by hydrogen gas were
carried out on a McBain spiral spring balance at 573 K. The
full details of this procedure are given elsewhere.'”

Table 1 summarises the reduction behaviour of the various
cobalt containing catalysts in the form of the percentage
weight losses measured after their exposure to hydrogen for
the periods indicated. A 5% weight loss corresponds to the
total transformation of B-VPO; into (VO,),P,0,, ie. the
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Table 1. Influence of added cobalt on the reducibility and surface
area of B-VPO;.

Weight loss, %? B.E.T. surface

— - area/
Co:V 2h 4 h 8h 15h m? g™!
0.0 1.78 2.38 2.96 341 9.7
0.01 0.99 1.57 2.20 2.85 6.8
0.025 0.61 1.00 1.55 2.24 6.1
0.05 0.30 0.45 0.80 1.27 33

& Percentage weight losses after exposure of the catalyst to hydrogen
at 573 K for the periods indicated.

reduction of vanadium from the v to the 1v oxidation state.
These data indicate that coprecipitated cobalt strongly
inhibits the reduction process.

The B.E.T. surface areas of the catalysts are reported in
Table 1. A good correlation was observed between reducibility
and surface area indicating that the primary influence of
cobalt was to modify the textural properties of B-VPO,
thereby reducing its surface area and thus its reactivity towards
hydrogen.
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