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This project was funded by the United States Department of Energy, National Energy
Technology Laboratory, in part, through a site support contract. Neither the United States
Government nor any agency thereof, nor any of their employees, nor the support
contractor, nor any of their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by frade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any
agency thereof.
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Advantages Electromagnetic Spectrum

« Selective heating is key to process intensification
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«

7
Increasing Wavelength

«  Microwave (MW) heating enhances catalyst |
activity, selectivity, and stability ’\

« Negdligible heat losses compared to traditional — Lo B SR
heating: >60-65% conversion efficiency T T D T T T
Radio \—Micro/ Infrared ~ Visible ' UV yp.. Gamma
Waves : Waves : Rays : Light Rays Rays
3 Hz 30 GHz 300 GHz 400 THz 790 THz 30 PHz 30 EHz
Conventional Heating Microwawve Heating lncreaWency
m‘"’
Limitations
Low = . .
5 « High energy consumption
3  Difficult to scale-up
The volatiles must pass through The volatiles can pass through a
a high temperature reaion lower temperature region

'Adam, Understanding microwave pyrolysis of biomass materials. PhD Diss, 2017.
2Muley, et al. "Microwave-assisted heterogeneous catalysis." (2021).
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Maxwell’'s Equations: Frequency Domain
VX (uVXE) + (iwoc — w?€)E=0 B = uH .
. Ray Optics
iwB =V XE regi
I m
Electric properties Magnetic properties
~7 1 mm
E=(E’_i6”) M=(ﬂ,_l‘u”) ;%
‘g X-rays interact with
g‘ 1 pm atomic structure,
cannot assume
Ab|||1'y to store Amount of electric Ab|||1'y to store Amount of mogneﬁc continuum materials
electric energy energy that can be magnetic energy energy that can be 1 nm N _
converted to heat converted to heat . 10 e 10 1 e f(H2)
Operating
A € T T T T T Frequency
. o Free Space 1000 km 1 km 1m 1 mm 1 pm
= .y Wavelength
o = Electric conductivity € 1,0 = f(w, T, humidity)

w = Angular frequency

[Volume’rric power dissipated: P = 0.5¢|E| + 0.5weq e” |E| + O.Sa),uou”lHl]
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Methodology
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«  MFiX (fluid dynamics) and COMSOL (electromagnetics) are coupled via file input/output

« COMSOL isinvoked using system() calls

-
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MFiX
™ 2 E, B \
e Export MFIX

field data (csv

files) * Interpolate ¢

e Solve EM field
e Export field data

J

_ " S € =€4,+ €, Pp
COMSOL

N

MFiX
4 I
e Import data
e Compute |E],
|IB|, Q

\ Add sources to
MFiX
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Microwave Setup at NETL

|

« Reactor:D =19 mm, H=200 mm
« Bedmass=18g
* Input power = 100 W

Microwave
source

Cavity + Reactor Waveguide
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MW -Fluidized Bed

COMSOL Setup

o == V|Ty 5 0.15

aveguide HHAC —

i

0.2
* 0 Co-axial port

SMD Density K
(um) (9/cc) | (W/mK)
180 5.17 8
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freq(1)=2.45 GHz

1340

12.57,0.89

Isosurface: Electric field norm (V/m)

1.52, 0.31

Cos o
(J/Kg.K) (S/m)
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MW -Fluidized Bed N= [y
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Ug =32cm/s Ug =53 cm/s
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« At higher velocity, the particle temperature distribution is wider with a large right tail
« The temperature increases linearly with fime

— Uy=32cm/s —— Ug=>53cm/s 308 — Uy=32cm/s —— Ug=53cm/s
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Methane Pyrolysis N = |aTenAL
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« Reaction: CH,> C + 2H,

Solids Gas . Chemical Kinetics!
p(kg/m?) 2900 ~1.18 TN s i i
5-12.4 . — RC = kCPCr'lH4_
Vin(m/s) 0 0.3 g:: . kc — 4 e(—EA/RT)
Tin (K) 753 953 B 123 §=-6567.9% - 6.1961
E‘-ll.ﬂ R? = 0,9886
P {Pal : & £ .0
Y H2 . 004' Ill:ﬂ{lﬂ‘i? DODDSE 0000%E 000098 Do 0o0n:  DO0l0dE
CH,: 0.96 T [1/K]

« Bed mass =0.26 kg
+ Adiabatic walls
« Drag-model: Gidaspow blend

Jarrett, et al. IJHE 46.39 (2021): 20338-20358.
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COMSOL Setup
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Time [s]

At lower velocity, the particle temperature distribution is wider with a large right tail
The temperature rise is quadratic initially and linear after that

Compared to the fluidized bed, the trends are inverted. Likely due to differences in electric field
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« COMSOL and MFiX are coupled to investigate MW heating in gas-particle systems
« |Investigated particle heating in reacting and non-reacting fluidized beds

« Future directions
* Validate coupling using data from fixed bed experiments
« Compare heated gas v/s wall heating v/s MW heating
* Heating from multimodal EM waves

« Couple MFiX and Elmer via Message Parsing Interface (MPI) Multiple Programs Multiple Data (MPMD)
execution model
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