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Catalyst EtOH
(SV/AL,)  conv. (%)

Yield (C-%)
CH, GH, CH, CH, CH, others

H-FER(55) 100 969 0 0 0 0 0
H-BEA(75) 1000 996 0 0 0 0 0
H-MOR20) 98 82 0 0 0 0 73

H-Y(5.6) 98 941 0 0 0 0 39

H-ZSM-5(80) 100 274 03 157 33 234 299

Temperature: 400 °C, W/F= 0.003 g/ml/min, C ,HsOH concentration: 20%.

#2 ZSM-5 L CTOI Y J — VEERGIZ BT B A
7.

Si/Al, ratio Yield (C-%)

C2H4 C2H6 C3 H6 CSHX C4HX CAHI 0 Z(_-:5

30 259 14 235 74 140 102 174

80 416 00 271 58 132 47 7.0

280 96.9 0.0 1.6 0.0 0.7 0.0 0.0
Temperature : 500 °C, W/F = 0.0025 g/ml/min , C,H;OH concentration : 50%.
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Production of Lower Olefin from Bio-ethanol on Zeolite Catalysts

Atsushi Takahashi and Tadahiro Fujitani

Heterogeneous catalysis group, Research Institute for Innovation in Sustainable Chemistry,
National Institute of Advanced Industrial Science and Technology (AIST)

Industrial demand for propylene is increasing. Alternative sources of propylene other than
petroleum are of wide interest. The catalytic transformation of bioethanol is a promising
avenue for the production of propylene. In this work, we investigated the catalytic activities
and the reaction mechanism for ethanol conversion to propylene over ZSM-5 catalysts.

We found that the ethylene production by the dehydration of ethanol is observed over
BEA, MOR, Y, and FER. On ZSM-5, propylene and butenes were produced, indicating that
the oligomerization of ethylene proceeded over ZSM-5. Futhermore, a moderate density of
Bronsted acid sites on ZSM-5 was necessary for effective production of propylene. According
to the result of the product distribution of the initial reaction stage at a very short contact
time, we propose the following mechanism for the ethanol conversion reaction. i) Ethanol
was converted to ethylene by rapid dehydration. ii) Ethylene directly transformed to
propylene via a m-complex on ZSM-5. Ethylene was also converted to butene by dimerization.
iii) Propylene or butene subsequently reacted with ethylene to form C5 or C6 olefins, respectively.

The catalyst deactivation of ZSM-5 is come from the dealumination because of the existence
of water which was produced by dehydration of ethanol. The catalytic durability of ZSM-5
was drastically improved by phosphorus modification. The dealumination with water was
significantly suppressed by the addition of phosphorus.

Keywords: propylene, ethanol, ZSM-5, dealumination, phosphorus modification





