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Oxidative Esterification of Lower Alcohols over
the Single-Phase Catalysts of the Sb-Mo-O System

Lianchi WANG, Masashi TSUDA, Koichi EGUCH]I,
Hiromichi ARAI and Tetsuro SEIYAMA

Oxidative esterification of lower alcohols was tested over the single-phase catalysts of the Sb-Mo-0 system,

which was known as SbsMo10031 (X phase), SbzMo19031 (Y phase) and SbzMoOg (Z phase) .

In the case of

ethanol, X phase and Y phase gave stable activity compared to the Sbz04~MoOs mixed oxide catalyst, where Y

phase gave higher yield of ethyl acetate but X phase gave acetaldehyde mainly.

In comparison with oxidative

esterification of a series of alcohols of C;-Cy, it is concluded that the Sb-Mo-O catalyst is effective only in etha-

nol oxidation.

The reduction experiment of the catalyst suggested that lattice oxygen was used in the stage of

ethanol oxidation to acetaldehyde rather than the adsorbed oxygen.
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Fig. 1 Time course of the activity and selectivity of

. ethanol oxidation over SbaMo1003; catalyst at
300C

conversion of ethanol

conversion of oxygen

selectivity to ethyl acetate

selectivity to acetic acid

selectivity to acetaldehyde

selectivity to CO+CO;

PODPEO®

NOBALRIE %47 % - 72, Fig. 1 I Y fHARIC 5152
Iy - VEBALRICOBRREILERT. BiCkRE L
X 512 Sby04~MoOs fili iz B V> T IS HET CBEEE =

Table 1  Crystal structure and specific surface area of the single-phase
catalyst of Sb-Mo-0 system )
phase Sb4M010031 (X) szMOmOa] (X) szMOOs (Z)
system hexagonal orthorhombic trictinic
structure bronze bronze fluorite
oxidation state of Mo 5+ 5.5+ 6—x)+
color black purple orange
surface area (m*/g) 1.4 1.5 0.8
Table 2  Oxidation of ethanol over the Sb-Mo-O single-phase catalysts at 300°C

catalyst SbsMo10031 (X) SbaMo10031 (Y) SbaMoQg (Z)
conversion (%) 76.6 82.0 6.2
yield (%)

ethyl acetate 5.0 17.1 0

acetaldehyde 65.4 57.3 6.1

acetic acid 4.5 3.2 0

CO+CO; 2.7 3.0 0

ethylene 0.5 1.6 ) 0 7
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Table 3  Oxidation of various alcohols over the SbsMo1oO3; (Y phase) catalyst at 300C
alcohol MeOH EtOH 1-PrOH  2-PrOH 1-BuOH 2-BuOH
conversion (%) 42.1 82.0 72.2 100 79.2 100
yield (%)

ester 1.1 17.1 0.2 0 2.9 0

aldehyde 41.0 57.3 64.1 0.3 73.3 1.1

olefin 0 1.6 6.7 85.3 2.9 94.1

CO+CO, 0.6 3.0 1.5 0.2 1.4 0.9
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Table 4 Oxidation of methanol, 1-propanol and 2-propanol
over the Sb-Mo-0O single-phase catalysts at 300°C

catalyst

SbsMo10031 (X)

szMOloO:n (Y) szMOOs (Z)

oxidation of methanol

conversion (%) 77.7 42.1 0.1
yield (%)
methyl formate 1.3 1.1 0
paraformaldehyde 76.1 41.0 0.1
CO+CO; 0.3 0 0
oxidation of 1-propanol .
conversion (%) 49.1 72.2 16.1
yield (%)
propyl propionate 0.2 0.2 0.2
propionaldehyde 44.8 64.1 14.9
acrolein 0.3 0.3 0.4
CO+CO, 2.0 1.5 0
propylene 2.6 6.7 0.6
oxidation of 2-propanol
conversion (%) 100 100 36.6
yield (%)
propionaldehyde 0.2 0.3 0
propionic acid 0.7 1.0 0
acetone 8.8 13.2 13.2
CO+CO, 0.5 0.2 0
propylene 89.8 85.3 23.4
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Fig. 2 Temperature dependence of SbsMo10031
catalyst for the oxidation of 2-propanol
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Fig. 3 Relationship between the formation rate of
products at 300°C and the reduction of
Sb2Mo1003; catalyst
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