-

View metadata, citation and similar papers at core.ac.uk brought to you byj(: CORE

provided by University of Bath Research Portal

Citation for published version:
Omojola, T & van Veen, A 2017, '‘Comparing the desorption of methanol to DME over ZSM-5 catalysts' IChemE
Catalysis and Reaction Engineering Symposium, Sheffield, UK United Kingdom, 31/05/17 - 31/05/17, .

Publication date:
2017

Document Version
Peer reviewed version

Link to publication

University of Bath

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 31. May. 2019


https://core.ac.uk/display/200750334?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://researchportal.bath.ac.uk/en/publications/comparing-the-desorption-of-methanol-to-dme-over-zsm5-catalysts(2410b589-e2e1-4453-9121-f4e15d7cec89).html

Comparing the desorption of methanol to DME over ZSM-5 catalysts
Toyin Omojola*®, Andre C. van Veen®

* Department of Chemical Engineering, University of Bath. Bath. BA2 7AY
® School of Engineering, University of Warwick. Coventry. CV4 7AL
Corresponding author: andre.vanveen@warwick.ac.uk

1. Introduction

There exist three fundamental challenges on the conversion of methanol to hydrocarbons (MTH) over
zeolite catalysts: (i) the identification of the primary reactant as methanol and its anhydrous equilibrium
product, dimethyl ether (DME) initially compete for active sites, (ii) the validation of the first olefin
formed and (iii) the dominating mechanism leading from the primary reactant to the first olefin. Direct
mechanisms involving surface carbene, tri-methyloxonium ion, methyl ethyl ether, methane-
formaldehyde, CO, and indirect mechanisms involving impurities (acetone or ethanol) have been
suggested. These mechanisms lead to the pre-formation of a hydrocarbon pool which is responsible for
steady state MTH conversion. This contribution investigates the primary reactant for MTH conversion.

2. Experimental

Fresh and activated ZSM-5 catalysts of different Si/Al ratios (25, 36 and 135) were used. The
ammonium form of zeolites was pressed, crushed, and sieved to obtain particles sizes of 250 — 500 um.
Anhydrous DME (99.999%), Argon (99.999%) and ultra-high purity methanol (99.8%) were used. The
protonated zeolite form was obtained by thermal treatment under vacuum, ramping at 15 °C/min to
450°C, holding for 30 min before being subsequently cooled at 25 °C/min to process temperature. Also,
in separate experiments, the activated zeolite catalysts were obtained by subjecting the protonated
zeolites to steady state MTH conversion at 370 °C and withdrawing after 2 hrs TOS. Temperature
programmed desorption (TPD) experiments were conducted at different heating rates and initial
coverages. Thereafter, desorption parameters were extracted separately using the Redhead and the
Polanyi-Wigner method to account for the absence and presence of re-adsorption effects respectively.

3. Results and discussion

Using the redhead method, deconvolution of the desorption profile leads to identification of two
desorption sites on ZSM-5 (25) and ZSM-5 (36) and three desorption sites on ZSM-5 (135). DME was
observed to have a higher activation energy of desorption than methanol over fresh ZSM-5 catalysts.
These sites were identified as low temperature Lewis sites and medium/high temperature Bronsted acid
sites. In the absence of re-adsorption, the activation energies increase with Si/Al ratios. This effect is,
however, removed when re-adsorption
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4. Conclusions

This work identifies the key specie  zgpm-5 (25)
involved in surface reactions as well as

provides a detailed understanding on the diffusion of species in the zeolite pore structure. Also, the
influence of the well-established hydrocarbon pool on the desorption of methanol and DME is
elucidated.



