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Abstract— The vapor phase catalytic oxidation of 1-butene to maleic anhydride was studied over V-P/TiO, cata-
lvsts which different calcination temperatures.

The evaluation of phase strongly depended on calcination temperature. The temperature of a structural transforma-
tion of metal oxide from amorphous to crystalline was observed at 400°C and that of titania from anatase to rutile was
at 600°C.

The structural changes had pronounced effect on the catalytic activity for the oxidation of 1-butene, and the max-
imum yield of maleic anhydride was observed for the catalyst calcined at 520°C.

The kinetics data were studied with a redox mechanism. The data obtained under the conditions of low partial
pressure of butene could be explained in terms of the pseudo-first order kinetics.
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A : air cylinder B : butene cylinder
N1-3 : needle valve F1-2 : flowmeter
RF : rotameter M : mixing chamber
V1-3 : sampling valve  G1-2 : gaschromatograph
I . integrator R : reactor
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Fig. 1. Schematic diagram of experimental ap-
paratus.
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Fig. 2. XRD diagrams of P-V(P/V=1.5)TiOf{an-
atase) with the variation of calcination

temperature.
a: 120°C, b: 200°C, c: 300°C, d: 400°C, e:
520°C, f: 600°C, g: 700°C
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Fig. 3. Butene conversion. and maleic anhydride
selectivity for the P/V(P/V=1.5)/TiOfan-
atase) with the variation calcination. tem-
perature.
reaction temperature: 310°C
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Fig. 4. X-ray image of V and P of P-V(P/V=1.5)/ Ti0{(anatase) catalyst with different calcination tem-
perature.
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Fig. 5. Scanning electron microscope graphs of
P-V(P/V=1.5))TiOJanatase) catalyst with
different calcination temperatures.
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Table 1. Product distribution of butene oxidation

Reaction temp. [ °C] 270 310
Conversion [%] 50 81
Selectivity [%] 57 63
Product [%]
butadiene 14 7
maleic anhydride 27 51
carbon oxides 7 21
furan trace trace
acetaldehyde trace trace
acetic acid 1 1
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Fig. 6. The conversion and selectivity of maleic
anhydride with the variation of reaction
temperature.
feed: 0.7 mol% in air
W/F: 1.5 [g.hr./g-mole]
calcination temp.: 520°C
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Fig. 10. First-order plot for butene depletion with
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Table 2. Reaction rate constants obtained by ex-

periment
Temperature Rate constant [g-mole/g-cat.hr]
[°C] k, ko k; ky ks
270 0.30 0.15 1.39 0.50 0.35
290 0.51 0.19 2.10 0.70 0.40
310 0.81 0.27 3.09 0.90 0.48
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Fig. 11. Temperature dependency of the reaction
rate constant.



EYAE Folol ol

Table 3. Activation energy and frequency factor

Activation energy Frequency factor

Reaction E ko
[kcal/g-mole] [g-mole/g-cat.hr]
1 16.40 13.99
2 10.14 7.47
3 13.19 12.53
4 9.70 8.30
5 4.98 3.57
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