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Highlights

» Travelling microwave reactor enables the proceakesap.

» The novel coaxial traveling MW reactor is desigheaptimize heat generation by avoiding
resonance.

* A conical shaped transition is used to keep impeelamatching and reduce microwave
reflections.

» Simulation results show that standing wave is oahgd along the reactor.

1. Introduction

The main goal of this study is to develop an infieats adaptable reactor technology for non-oxidativ
coupling of methane that will increase the seléstiof methane valorization reactions to C2+ hydmbons
and liquid fuels, which are cheaper to transpo# ttuhigher density and energetic values. Forghipose,

a novel type of microwave reactor is designed grtarmized. The coupling reaction has exhibited psing
results under microwave irradiation, as compared tmnventional packed-bed reactor with a bifumetio
catalysts [1]. Furthermore, microwave-assisted ggsmffers several advantages over the traditammeas in
terms of reaction acceleration, volumetric heatinggroving product yields and selectivity, and reidg
undesired side reactions [2]. In addition, operptiha lower bulk gas temperature can lead to aiderable
improvement in reaction selectivity that can be imézed by designing microwave-absorbing catalyElte
microwave equipment, used in process engineeribgrddories can be divided in three basic categories
single-mode, multimode, and travelling microwavevides. The particular reactor concept investigated
this study is the travelling microwave reactor (TMRhich was first introduced by Sturm [3]. Thisveb
reactor concept, has the potential to enable higiiform microwave heating by avoiding resonant
conditions[4]. The specific purpose is to constraietl tune the reactor such that the microwave freditle
the reactor travels in only one direction to ava@h-uniform electromagnetic interference pattem @on-
uniform heating along the axial direction of thaator.

2. Methods

Our aim in this project is not only to focus on th&rowave transmission line and its control to edlke
microwave field uniform, but also on developmentifdegration between microwave energy and a chamic
processing system and solutions that could finth&urimplementation in these systems. For this qagp
we suggested a coaxial waveguide structure, wha$ to cut—off frequency for the used transverse
electromagnetic mode and is able to carry trawgltimcrowave fields. A cross-sectional schemati¢hef
proposed microwave reactor along the axial diredsademonstrated in figure 1.
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Figure 1. A cross-sectional schematic of the traveling micaegreactor.

The stainless steel inner and outer conductors tharcoaxial waveguide structure and their diansedee
adjusted such that the characteristic impedandheofivaveguide is maintained at(®0The quartz tubes
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form a sealed tor0|dal reactor |nS|de the waveguitiéde playlng the roIe of dielectric insulator the
coaxial waveguide. This provides a way to have latively high temperature reactor inside a cooler
waveguide structure, while maintaining fluid contaent. The catalyst particles/supports are planeitie
space between the quartz tubes and the proceds/feactants flow in the axial direction along ta¢alyst
supports. A conical-shaped coaxial transition fibetd with PTFE is also designed to be placed leetwthe
microwave generator port and the reactor intersedt adapt the two devices with minimum microwave
reflections. With the intention of preventing anyicrowave leakage upward, we considered a tapered
coaxial absorber at the end of the waveguide.

3. Results and discussion

A traveling microwave reactor, comprising the cadxransition and absorbing load sections, is desig
and simulated using the electromagnetic field satioih software of CST Studio Suite. The Finite
Integration Technique (FIT) solver is employed $onulations, which is a time-domain method for sujv
Maxwell equations and obtaining a fast estimatibelectromagnetic performance over desired bandwidt
Figure 2 presents the simulation results for tisridution of microwave fields inside the optimizeshctor
design. From the simulation results, it can be ¢banhwe have indeed a travelling microwave fidtihg the
reactor.
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Figure 2. Simulation study of the traveling microwave reactor  Figure 3. Reflection coefficient of the transition element.

Obtaining proper travelling waves inside the reaotguires good impedance matching between the pért
the structure. Figure 3 demonstrates the simulatsalts for the reflection coefficient of traneiti main
reactor, load and overall structure in the freqyerange of 2-3 GHz, which all are less than -17dBha
working frequency (2.45GHz). This would be a prdadt there is no standing wave generated along the
structure.

4, Conclusions

A novel coaxial traveling microwave reactor for heate reforming is proposed to optimize the heagggion by
avoiding the resonance. The design of the suggestedor is done using the electromagnetic fiehdugation

software of CST Studio Suite. A time-domain meti®dsed for solving Maxwell equations and obtairdnfast
estimation of electromagnetic performance overdasired bandwidth. Simulation results prove thahding
wave is not formed along the reactor and micronevergy travels ahead. Consequently, the heatirfgromity

in the TMR is expected to improve. To validate xgbectation, heating characteristic of differeattysts in the
designed reactor are measured and will be discusgbd paper.
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