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Methanol-butene coupling reaction on ZSM -5 catalyst
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Abstract:In this paper, the coupling reaction of methanol and butene on ZSM -5 molecular sieve was
studied ,and it was found that the coupling reaction showed different characteristics at different tempera-
tures. The high temperature above 350 °C was conducive to the formation of light olefins such as ethylene
and propylene , while the low temperature was more conducive to the formation of long chain hydrocar-
bons. At 250 C and lower temperatures, almost no hydrocarbon products were generated from methanol
feed alone, showing a significant reaction induction period. Adding different concentrations of butene can
greatly increase the methanol conversion and shorten the reaction induction period. However, with the
increase of butylene concentration ,the methanol conversion increased first and then decreased with the reac-
tion time. The higher the butylene concentration ,the faster the change rate. The organic species retained in
the catalyst after reaction are mainly polymethylbenzenes,and the coke deposition is closely related to the

amount of butene added,indicating that the formation of coke species is mainly related to the further
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transformation of the olefin/methanol coupling products,and the formation of these species greatly affects

the product distribution of the coupling reaction, reflecting the complexity of the methanol conversion reac-

tion mechanism. It also provides a possible way to further regulate the distribution of olefin products.
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Figure 1 Conversion of methanol and butene at different
reaction temperatures
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Figure 2 Conversion of methanol and butene and product yields at higher temperatures (300 °C ~ 650 °C)
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Figure 3 Conversion of methanol and butene and product yield at lower temperature with methane as internal standard
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Figure 4 Conversion of methanol and butene with different contents of butene
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Figure 5 Ethylene and propene yield with time on stream
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Figure 6 Pentene and C;, yield with time on stream
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Figure 7 The evolution of propylene/ethylene ratio with time on stream pure butene feeding
(left) and butene/methanol co-reaction ( right)
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Figure 8 GC-MS diagram of retained species after methanol,1% butene,5% butene,15% butene,
20% butene,25% butene conversion
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Figure 9 Thermogravigram of catalyst samples after reaction at 250 °C
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Figure 10 Evolution of coke species during methanol and butene conversion at 250 °C
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