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Abstract

The kinetics of oxidative dehydrogenation of isobutyraldehyde to methacrolein over bismuth-antimony oxide
particles were investigated in both thermal balance and fixed bed reactors.

For the behavior of bismuth-antimony oxide particles, the reduction rate by feed gas and the regeneration
rate by air could be analyzed by applying uniform reaction model, and it was found that these reactions were
first order with respect to oxygen atom in bismuth-antimony oxide. In the respect of fluids, the rate controlling

step was the surface reaction which produced a mole of methacrolein dimer by the reaction between two moles.

of isobutyraldehyde adsorbed on two active sites and oxygen atom in bismuth-antimony oxide.
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Table 1. Conditions of Analysis by Gas Chromatography

‘Com-~ Column Length of | Carrier | Temp. of
ponent packings column | gas | column
IBA' PEG20M ‘ 0.75m | |
i1 H, 60°C
MAC Silicone DC550,  3.00m ‘
co | Molecalar T3 gom | H, | Room temp.
CO,  Silica gel | 2.00m I H, ‘ Room temp.
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Fig.2 Cyclic Operation
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Fig.3 Plots of 1-xs vs. & for Reduction of Bi-Sb Oxide at Feed Rate=61. 5 cc/min and P;,=0.0914 atm
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Cs : Concentration of oxygen atom in bismuth-
antimony oxide (g-atom g-particle™]

Cs, : Initial concentration of oxygen atom in bismuth-
antimony oxide [g-atom g-particle™)

E : Activation energy for dehydrogenation of isobutyr-
aldehyde (kcal g-mol™?)

E(g) : Activation energy for reduction of bismuth-
antimony oxide (kcal g-mol™)

F, : Feed rate [g-mol sec™}

{I) . : Adsorbed isobutyraldehyde

k : Rate constant for fluids (g-mol g~ sec™ atm™2)

k) : Rate constant for regeperation of bismuth--
antimony oxide (min™')

ke : Rate constant for reduction of bismuth-antimony-
oxide [min™?)

K : Adsorption equilibrium constant

(M), : Adsorbed methacrolein dimer

P : Partial pressure (atm)

Q : Adsorption energy (kcal g-mol™)

7 : Reaction rate for fliuds (g-mol g™ sec™?)

r¢ : Rate of regeneratlon of bismuth-antimony oxide-
(g-atom g~ min™!)

r © Rate of reduction of bismuth-antimony oxide-
(g-atom g™ min™%)

T : Absolute temperature [°K)

W : Weight of initial bismuth-antimony oxide (g)

xg : Fraction of remained oxygen atom to original
total oxygen atom in bismuth-antimony oxide (—)}

s, : Fraction of remained oxygen atom to original

total oxygen atom in bismuth-antimony oxide



when slow rate was extrapolated to time zero
at the point that rapid rate was changed to slow
rate in regeneration [—)

ys: Moles of J component in reactor exit gas per
mole of nitrogen and isobutyraldehyde fed (—)

o @ Active site

@ : Time [min)

7y ¢ Selectivity ()

Subscript

I : Tsobutyraldehyde

M : Methacrolein

o0 : Refers to initial condition
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