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Vanadium-phosphorus catalysts specially modified with promotors can ensure an efficient and
tive oxidation of G hydrocarbons, even also that of butane to maleic anhydride. The catalysts
incorporated Mg, Ca or Ba ions provide a higher conversion of butane, yield of maleic anhy
and selectivity for the latter compound than the unmodified catalyst. The conversion of butar
yield of maleic anhydride decrease with increasing basicity of the incorporated modifiers i
order: Mg, Ca, Ba, however, the selectivity of formation of maleic anhydride increases in the
site order, which is interpreted by the idea that on the modified V—P catalysts the conversion
tane decreases faster than the yield of the anhydride with the natural basicity of the above-me
modifiers.
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The catalysts based on vanadium and phosphorus oxides have been used in tt
mercially important selective oxidation of, Bydrocarbon fraction to maleic anhydrid
(MA) since mid 70’s already. As their physicochemical and catalytic properties de
on a number of factors, these catalysts continue to be a subject of systematic re:

At present attention has been increasingly focused on the problem of improving
catalytic properties by incorporating some metal ions, the so-called modifiers (M)
their lattice (patents®). Only recently, also the number of original papers dealing v
V-P-M-0 catalysts has been increa8MgA variety of metals from the periodic sys
tem have been used as the modifiers, and published data indicate their influence
yield and selectivity of formation of MA and on the reaction rate on these catalyst
reviews, see ret&19. Out of those mentioned only the papgéfsliscuss the mechan
ism of operation of the modifiers. The authors presume that the modifiers perform
plex functions in the catalysts: they modify the properties of the Jf0) phase,
which is generally considered the most important in the polyphase vanadium-
phorus cataly$f, they form solid solutions that direct the catalytic activity of the sc
phasé3, and they also affect the rate of the rate-limiting reaction stage — the spl
off of the proton from butarié
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In continuation with the previous studiég'®also the aim of the present paper is
investigate the effect of some other selected metats,Mg, Ca, Ba, on catalytic
properties of the correspondingly modified vanadium—phosphorus catalyst and e
the role of modifier.

EXPERIMENTAL

Most experimental conditions were described in previous papershe unmodified precursor was
prepared by refluxing a mixture of,@s; and concentrated HCI. After addingFD, in the amount
ensuring the final molar ratio of P : V = 1.2 the refluxing was continued. The solvent of the
green-blue suspension obtained was evaporated and the residue was dried at enhanced ten
ground and sieved to obtain the required grain size.

The precursors of metal-modified catalysts were prepared by adding the respective amount:
chlorides (MgCJ, CaCl, BaCl) — to obtain the required molar ratio of M : V = 0.14 — before t
refluxing with H;PO,, the rest of synthesis being identical with that for the unmodified catalyst
cursor.

Before the catalytic measurements, both the unmodified and modified precursors were ¢
formed and then activated by a known procedjuire order to obtain reproducible results, each ca
lyst was activated until it gradually reached a 90-95% conversion of butane by a choice of c
time at the temperatures of 450—4Q.

The selective catalytic oxidation of butane (a mixture of 1.1 to 1.4 vol.% of butane with a
MA was carried out in an integral through-flow reactor. The glass reactor containing the ca
(4 cn?, grain size 0.6-0.8 mm) was heated in such a way that the temperature °& 4khg the
catalyst bed remain constdhtThe gaseous reaction products passed through the apparatus
heated above 13%C to prevent condensation of MA and were analyzed (like the entering rea
mixture) on two gas chromatographs Chrom 4 with a flame-ionization and a heat-conductivity
tors.

The chemical analysis of individual components of catalysts is described briefly elséwhere

RESULTS AND DISCUSSION

In order to determine the effect of the individual cations (Mg, Ca, Ba) incorporat
the lattice of the vanadium—phosphorus catalyst on its catalytic properties, we c
out a series of experiments estimating the dependence of conversion of butane,
of MA, CO and CQon the contact time (i.e. the ratio of catalyst volume in éio the
volume flow rate in crhis™). The catalysts compared had the molar ratios of P :°
1.2 (.e. slight excess of phosphorus) and M : V = 0.14. In general, the optir
amounts can differ for individual modifiers, but according to our experience the al
given value is close to the optimum amount of most metal additiveise measurement:
were realized at the contact times of 0.3-0.6 s at the working temperature°@f. 450
The catalytic properties are known to be influenced by the method of preparin
way of forming and activating even in the case of the unmodified cafafswhich is
explained by partial changes in kind and proportion of pR&s&sproportion of crys-
talline and amorphous phase¥ lattice defects192?as well as acid-base propertie
of the surfacé?3 Various ways of preparation result in different characteristics of volt
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and — first of all — surface characteristics of the catalyst. By the incorporation of I
fiers into the catalyst lattice this variability is still increased, depending on chemical nat
the additive. The changes in physical and chemical characteristics of catalyst volun
surface must be reflected in the catalytic properties of the modified vanadium—
phorus catalysts. This is interpreted by the effect of chemical nature and concen
of modifier on the number and strength of the Lewis or Brgnsted acidic sites v
affect the course of the rate-limiting ste. splitting off of the proton from butane
molecule, and by the fact that the necessary Brgnsted acidic sites facilitate the des
of MA (which is also acidic in nature). The important factors affecting the change of
lytic properties also include the effect of modifiers on the lattice defectiveriéss

The experimental results obtained are graphically presented in Figs 1a—1d. It
seen that the increase in both butane conversion and MA yield with increasing c
time is higher with the modified catalysts than with the unmodified one in the w
range measured. Furthermore it can be stated that at all the contact times the
ameters are highest for the magnesium-modified catalyst (Fig. 1b), being lower f
calcium modified one (Fig. 1c) and lowest in this series for the barium-modified
(Fig. 1d). The selectivity of MA formation (cun& Figs 1b-1d) is higher when corr
pared with that for the unmodified catalyst (Fig. 1a), but the differences betwee
individual modified catalysts are small at short contact times.

Table | gives concrete catalytic data for selected contact times. Obviously, the
fiers used increase the butane conversion, MA vyield, and selectivity of MA form:
as compared with the unmodified catalyst. The basic catalytic data presented,
for the selectivity, decrease with increasing natural basicity of the metal modifier. |
the results in Table 1 it also follows that the differences in selectivity betweer
individual modified catalysts increase with increasing contact times. We can see a
of increasing selectivity of MA formation when going from magnesium to bari

TaBLE |
Butane conversion valueX); MA yields (Y), and MA formation selectivitiesS[, in mole %, for
selected contact times)(at 450°C

0.3s 20s 6.0s
Catalyst
X Y S X Y S X Y S
V-P-O 6.2 3.9 62.9 29.3 18.5 63.1 64.7 34.7 53.6

V—-P-Mg-O 13.0 9.0 69.2 53.0 355 67.0 93.0 54.5 58.6
V-P-Ca-O 11.3 7.7 68.1 48.3 335 69.4 83.0 51.0 61.4
V—-P-Ba-O 6.8 4.8 70.6 29.3 20.5 70.6 54.0 37.0 68.5
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which agrees with increasing natural basicity of the added modifier. Although
generally supposed that an increase in number or strength of basic centres at the
of vanadium—phosphorus catalysts results in a firmer bonding of acidic products (
also MA) at the catalyst surface during the selective oxidation of butane, no c
ponding selectivity decrease was observed which would indicate possible addi
oxidation (giving the product of total oxidation) of acidic intermediates or MA dul
their prolonged presence at the catalyst surface. In our opinion, the effect of the
base relations at the catalyst surface on the course of the reaction in question i
complex. The results given in this paper as well as other experimental results ob
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Dependence of butane conversid), (MA yield (2), MA formation selectivity 8), and CO and CO
yields (expressed by the butane consumédar(d 5, respectively) on contact time in partial oxide
tion of butane at 456C. a V-P-O catalysth V-P—-Mg-O catalyst; V-P-Ca-O catalystl V-P-Ba—-O
catalyst
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by us with modified catalysts indicate that the acid—base relations at the surface
an optimum with regard to the course of selective oxidation. This fact shows t
deeper study of the influence of modifiers, structural characteristics of the cat
phase composition and other factors on the number and strength of the Lewi
Brgnsted centres and their proportions will be necessary.

From the experimental results given it follows that, in accordance with the inci
of natural basicity from magnesium to barium, the butane conversion decreases
than the MA vyield, which partially increases the catalyst selectivity.

The catalytic activity is more realistic characteristics of a catalyst than its basic
Iytic properties. Preliminarily it can be stated that the specific surface of the unmot
catalyst prepared in the medium of hydrochloric acid is lower than 3@mwhereas
that of the modified catalysts lies in the interval of 4.0-52%h Thus it can be state
that the initial specific rate (expressed in mol sr?) of butane oxidation will be
higher for the modified catalysts (except for that containing barium) than for the
modified catalyst. The same is also true for the specific rate of formation of MA.
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