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Low-temperature oxidation of dimethyl ether
to methyl formate with high selectivity over Mo0Q,-Sn0O, catalysts
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Abstract: Low-temperature oxidation of dimethyl ether (DME) to methyl formate ( MF) with high selectivity
was realized in a continuous flow fixed-bed reactor over the multifunctional MoO,-SnO, catalysts designed and
prepared intentionally. The effect of the preparation methods including mechanical mixing, co-precipitation and
co-precipitation-impregnation on the catalyst activity was investigated. The results showed that the selectivity to
MF reaches 94. 1% at 160 C over the catalyst prepared by co-precipitation-impregnation, with DME conversion
of 33.9% and absence of CO, in the products. The results of NH,-TPD, CO,-TPD and H,-TPR characterizations
indicated that the catalysts prepared by various methods are also obviously different in the surface acidic, alkaline
and redox properties. The results of Raman, XRD and TEM revealed that MoO, structure and particle sizes have
a significant influence on the catalyst activity ; small particle size and oligomeric MoO, may be responsible for the
high activity of the MoO,-SnO, catalysts from co-precipitation-impregnation in the selective oxidation of DME to
MF at low temperature.
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Table 1 Catalytic oxidation of DME over the MoO,-SnO, catalysts prepared from different methods
p ) hod DME Selectivity s/ %
reparatlorl metho conversion x/ % CcO CH4 C02 FA® methanol MFb DMM*¢
Mechanic mixture 13.5 0.0 0.0 0.0 8.1 73.2 18.7 0.0
Co-precipitation 10.8 0.0 0.0 0.0 16.0 9.6 72.7 1.7
Co-precipitation-impregnation 33.9 0.0 0.0 0.0 3.2 0.7 94.1 2.1

reaction conditions: 160 C , atmospheric pressure, DME:0,=1:1, GHSV=480 h™';
a: FA=HCHO, b: MF=HCOOCH,, ¢c: DMM=(CH,0),CH,
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Figure 1 NH,-TPD profiles of catalysts prepared
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for different methods
a: co-precipitation-impregnation ;
b: co-precipitation; ¢: mechanical mixture
2 Sy X AR 7 3 1 # B9 MoO,-SnO, fEAL 5]
[ CO,-TPD 1I&1, &l 2 R, ANIR] J 12 ] 4 ) i
AT BT —A> CO, Y 5t B 0 , {EL 2 06 1o AU i
ANTR] o TG A R R T R A B T B A B
11T B 114 22 /0 WU Bt 5 o 75 3 A AN [ T A A2 284k
UUVEIR A ] 4 i AR BAT B 2 A i, 008
VR A AR DIUARIR & 32 il o A 710 28 1T

catalysts: MoO,;-SnO, (MoO,/Sn0O, =1:1)

i TR A B P 2 P R T 19
PR LIRS T DLTE 3R 1A ) 2 A5 b 3L i
] 5 AL R AR A Y R P R Pt A DA

~ Intensity/(a.u.)

a

b
c
| ' | ' | ' 1 ' |
100 200 300 400 500 600
Temperature ¢/°C
B2 AR[E Dy il & AR Co,-TPD i<k

Figure 2 CO,-TPD profiles of catalysts prepared
for different methods
a: mechanical mixture;

b: co-precipitation-impregnation; c: co-precipitation
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Figure 3 H,-TPR profiles of catalysts prepared
for different methods
a; co-precipitation-impregnation ;

b: co-precipitation; c¢: MoO,; d: SnO,
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Table 2 Surface textile properties and the composition of the
MoO;-SnO, catalysts prepared from different methods

Composition w/ %

. ABET/
Preparation method . (ICP-AES)
m-g”) Mo Sn
Mechanic mixture 15.5 32.54 38.19
Co-precipitation 19.5 33.39 37.57
Co-precipitation- 9.1 33.14  35.90

impregnation
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Figure 4 Raman spectra of catalysts prepared
for different methods
a: co-precipitation-impregnation ;

b: co-precipitation; c. mechanical mixture
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Figure 5 XRD patterns of catalysts prepared
for different methods

a; MoO,; b: co-precipitation-impregnation;
c: co-precipitation; d: SnO,
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Figure 6 TEM images of catalysts prepared by different methods

(a): co-precipitation; (b): co-precipitation-impregnation
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