Modelling and Analysis of Electrothermal Fluidized Bed Reactors: A Case

Study on COS decomposition via direct resistive heating
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Introduction

> Electrothermal Fluidized Bed (ETFB): Electric potential (AV=5-150V[1]) A@V T ohing
across electrodes drives electric current (I=10-100A[1]) via conductive _.—-=-'s._ particles__.=l.-._.
particle bed through chains of touching particles, generating “ Heated >, [~ Gas
Joule/resistive heating (Q,,) while fluidization enhances heat/mass | S, |j CO ' ~ f

transfer.

» Gap: the literature lacks a fundamental heat balance model that can utilize
the eIeCtricaI pa ramete I'S Of dan ETFB SUCh as AV, I or Q JH tO prediCt L B T

temperature and conversion profiles.

» Contribution: A steady-state 1-D electrothermal model that utilizes

AAAAAAAAA

electrical inputs and serves as a design/optimization tool and evaluated = ‘--+-i-i-dpddi

on the COS decomposition reaction

Adiabatic Electrothermal Model of a Coaxial-Electrode ETFB

[ Heat balance ]
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Laplacian Field
Model (LFM)

r

Current Partition
Model (CPM)

/> 2D spatially resolved Laplace equation for \
electric potential field description

> Accounts for the curvature of the electric field

) 2
K . d;l;H _ f01>r1 f021t Sbled ((diV) n (ddAZV) )rdl'd@/

/> Identifies dominant current direction region \

> Divides the bed into distinctive resistive
regions

dz Sh dln( R ) ! dZ 1'[1‘2
€ Ielectrode

> dQ]H,radial _ AVZ2m _ dQ]H,axial _ ngialstd

The case of COS decomposition

Laplacian Field Model

Effect of electrode depth on linear power density
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" | Feed: 2 kg hr- ol . — / . . .
1 1 1 | ! 50wt% COS in N, 0.00 0.02 0.04 006 008 010 0.12 0.14 0.16
|___L__J___L__J_.:_J___.I__._J____é___I Length (m)
! Tin: 600°C — 40 mm 60 mm 80 mm 100 mm —— 120 mm
P 1atm

— 50 mm 70 mm 90 mm

Conclusions

— 110 mm

LFM provides full-field spatial resolution of the bed’s electric
behavior (gradients and power-density spikes); CPM gives a

~10x cheaper approximation.

The model is a practical tool to select electrode configuration,
AV, and bed properties for target operating points.
Future work: transients, non-ideal hydrodynamics,
experimental validation.
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