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Conventional Direct DME
Thermochemical calculation

Sorption enhanced DME
Experimental observation
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Experimental tests at ECN at 40 bar, 275 °C
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Experimental facilities for safety characterization of material streams 

DTA/ATG for pre-screening 
of self heating of solids

Isothermal oven 
test

20-liters sphere apparatus for 
explosibility characterization

DTA/ATG for pre-
screening of self heating
of solids
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explosibility characteristics

Isothermal oven test
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γ

Abstract

Acidic γ-Al2O3 is an active catalyst for the dehydration of methanol to dimethyl ether (DME). However, the produced steam

reduces the activity. In this work, the influence of the exposure of γ-Al2O3 to steam on the catalytic activity for methanol

dehydration has been determined. At 250 °C and increasing stream partial pressure the conversion of γ-Al2O3 into γ-AlO(OH)

is observed at a p(H2O) of 13–14 bar. As a consequence, the catalytic activity decreases, reducing the rate of methanol

dehydration to around 25%. However, this conversion is reversible and under reaction conditions γ-AlO(OH) converts back to

γ-Al2O3, recovering its catalytic activity.

Abstract

Enhancement by steam separation is a promising process intensification for many types of reactions in which water is formed as

a byproduct. For this, two main technologies are reactive vapor permeation (membrane technology) and reactive adsorption.

Both can achieve significant conversion enhancement of equilibrium limited reactions by in situ removal of the by-product

steam, while additionally it may help protecting catalysts from steam-induced deactivation.

In general, reactive permeation or reactive adsorption would be preferable for distinctly different process conditions and

requirements. However, although some advantages of reactive steam separation are readily apparent from a theoretical,

thermodynamic point of view, the developments in several research lines make clear that the feasibility of in situ steam removal

should be addressed case specifically and not only from a theoretical point of view. This includes the hydrothermal stability of

the membranes and their permselectivity for reactive steam permeation, whereas high-temperature working capacities and heat

management are crucial aspects for reactive steam adsorption. Together, these developments can accelerate further discovery,

innovation and the rollout of steam separation enhanced reaction processes.
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