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Abstract: The Mo/ZSM-5 catalysts extruded with various oxides as supports were prepared. Fourier transform infrared spectroscopy of
pyridine adsorption, NH3 temperature-programmed desorption, and H, temperature-programmed reduction were employed to characterize
the catalysts. Methane dehydroaromatization in the absence of oxygen over the catalysts was investigated in a fixed-bed reactor. The results
showed that the catalyst extruded with ZnO presented the highest activity among all the catalysts tested. Methane conversion and aromatics
selectivity were 9.3% and 53.7%, respectively. The improved activity of the catalyst extruded with ZnO for methane dehydroaromatization
was attributed to its appropriated Bronsted acidity. Moreover, addition of ZnO, an n-type semiconductor, benefited the reduction of Mo®*

species.
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Tablel Acid distribution of Mo/ZSM-5 catalysts extruded with dif-
ferent oxides (obtained from IR spectra of pyridine adsorption and
desorption at 450 °C)

Catalyst As AL Ag/(AstAL)
Mo/ZSM-5 0.95 0.44 0.69
Mo/ZSM-5(SiO,) 0.62 0.09 0.87
Mo/ZSM-5(Zn0) 0.14 0.70 0.17
Mo/ZSM-5(Ce0O,) 0.60 0.07 0.89

Ag—Integrated area of the IR peak at 1546 cm™ for measure of the
Bronsted acid amount.

A_—Integrated area of the IR peak at 1453 cm™ for measure of the
Lewis acid amount.
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Table 2 Acid distribution of Mo/ZSM-5 catalysts extruded with
different oxides (obtained from NHz-TPD profiles)

Amount of acid sites (mmol/g)
Weak Medium Strong  Total
Mo/ZSM-5(Si0;)  0.35 (256 °C) 0.45 (330 °C) 0.39 (468 °C) 1.20
Mo/ZSM-5(ZnO)  0.33 (245°C) 0.53 (313 °C) 0.38 (483 °C) 1.23
Mo/ZSM-5(Ce0Q,) 0.29 (247 °C) 0.26 (309 °C) 0.48 (480 °C) 1.04
The temperature in parentheses is the peak position.
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Fig. 1. Catalytic performance of Mo/ZSM-5 catalysts extruded with
different oxides as a function of reaction time. Reaction conditions:
10% N,-90% CH,, SV = 1.5 L/(g-h), 0.8 g catalyst, 0.1 MPa, 700 °C.
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Table 3 Catalytic performance of Mo/ZSM-5 catalysts extruded with different oxides for dehydroaromatization of methane

Selectivity (%)
Catalyst X(CHJ)/% -
CO C, hydrocarbon  Benzene Toluene Cgaromatic hydrocarbon  Naphthalene  Coke
Mo/ZSM-5 9.0 0.0 8.1 42.9 3.0 0.6 1.3 44.2
Mo/ZSM-5(Si0O,) 7.1 0.0 8.3 445 3.2 0.6 1.2 422
Mo/ZSM-5(Zn0) 9.3 0.8 7.4 45.8 5.7 0.6 1.6 38.1
Mo/ZSM-5(Ce0,) 5.5 0.7 6.8 334 3.3 0.6 1.4 53.7

Reaction conditions:10%N,-90%CH,, SV=1.5 L/(g-h), 0.8 g catalyst, 0.1 MPa, 700 °C, 7.5 h.
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Fig. 2. XRD patterns of Mo/ZSM-5 catalysts extruded with different
oxides.
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Table 4 Textural properties of Mo/ZSM-5 catalysts extruded with
different oxides (obtained from N, adsorption)

Specific . Total pore  Micropore
Micropore
Catalyst surface area ) volume volume
) area (m“/g) 3 3

(m/g) (em7g)  (cm’/g)
Mo/ZSM-5 314 256 0.35 0.11
Mo/ZSM-5(Zn0) 280 241 0.24 0.10
Mo/ZSM-5(Si0,) 316 214 0.24 0.09
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Fig. 3. Cyclohexane adsorption capacity of Mo/ZSM-5 catalysts
extruded with different oxides.
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Fig. 4. H,-TPR profiles of Mo/ZSM-5 catalysts extruded with dif-
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