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Research on stop-effect on the catalytic dehydration of ethanol over HZSM-5
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Abstract: The stop-effect phenomenon on the catalytic dehydration of ethanol over HZSM-5 zeolite was
observed. That is, when stopping ethanol-water feed for a period of time and restoring the feed, a dramatic
increase on ethylene selectivity could be found. At different reaction conditions, it was found that the stop-effect
was enhanced by increasing the stop time and reaction temperature or decreasing the feed speed. When the
ethanol concentration was kept at 55% , the stop-effect could be strengthened and the high ethylene selectivity
was maintained at long time. 500 h catalyst stability test showed that the stop-effect can improve the life span of
the catalyst effectively. By studying the aqueous ethanol dehydration mechanism and experimental results, the
preliminary conclusion is that causes of the stop-effect on the catalytic dehydration of ethanol over HZSM-5 is the
accumulation of ethoxy intermediate and regeneration of empty catalytic active sites in stop operation.
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Figure 1 Typical stop-effect experiment on the
catalytic dehydration of ethanol over HZSM-5
reaction conditions; 503 K, 50% ethanol feedstock,
WHSV=3.0h"";

A': continuous feed; B: feed after stop 5 min;

M : ethanol conversion;

@ . cthylene selectivity; A : ether selectivity
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Table 1  Specific surface area and pore structure of

HZSM-5 catalysts with various reaction conditions

Aggr/ Vimicro” Pore width
Catalyst ,
(m?-g™") (cm’- g™") d/nm
HZ 282 0.174 0.541
CHZ 274 0.171 0.536
SHZ-5 272 0.177 0.540
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Figure 2 NH,-TPD profiles of HZSM-5
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Figure 3  Stop-effect on the catalytic dehydration of ethanol
over HZSM-5 with various stop-time reaction conditions :
523 K, 55% ethanol feedstock, WHSV = 4.0h™";

A continuous feed; B: feed after stop 60 min;

C. feed after stop 30 min; D feed after stop 15 min;

E. feed after stop 5 min;

MW : ethanol conversion; O: ethylene selectivity;

A ; ether selectivity
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Figure 4 Stop-effect on the catalytic dehydration of ethanol over HZSM-5 with various reaction temperature
reaction conditions; 55% ethanol feedstock, WHSV = 3.0 h™'; A continuous feed; B: feed after stop 5 min;
M : cthanol conversion; O: ethylene selectivity; A : ether selectivity
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Figure 5 Stop-effect on the catalytic dehydration of ethanol over HZSM-5 with various concentration of ethanol feedstock
reaction conditions: 493 K, WHSV = 3.0 h™'; A: continuous feed; B: feed after stop 5 min;
MW : ethanol conversion; O: ethylene selectivity; A : ether selectivity
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Figure 6 Stop-effect on the catalytic dehydration of ethanol over HZSM-5 with various ethanol space velocity
reaction conditions: 493 K, 55% ethanol feedstock; A continuous feed; B feed after stop 5 min;
MW : ethanol conversion; O: ethylene selectivity; A : ether selectivity
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Figure 8 Reaction mechanism for catalytic dehydration of ethanol over HZSM-5
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