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Abstract — The chemical-looping combustion(CLC) has advantages of no energy loss for separation of CO, without
NO, formation. This CLC system consists of oxidation and reduction reactors where metal oxides particles are circu-
lating through these two reactors. In the present study, the reaction kinetic equations of iron oxide oxygen carriers sup-
ported on bentonite have been determined by the shrinking core model. Based on the reactivity data, design values of
solid circulation rate and solids inventory were determined for the rector. Two types of interconnected fluidized bed sys-
tems were designed for CLC application, one system consists of a riser and a bubbling fluidized bed, and the other one
has a riser and two bubbling fluidized beds. Solid circulation rates were varied to about 30 kg/m’s by aeration into a
loop-seal. Solid circulation rate increases with increasing aeration velocity and it increases further with an auxiliary gas
flow into the loop-seal. As solid circulation rate is increased, solid hold up in the riser increases. A typical gas leakage
from the riser to the fluidized bed is found to be less than 1%.
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Fig. 1. Schematic diagram of chemical-looping combustion|2].
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Table 1. Physical Properties of Particles Used in the Experiments

Spent FCC  Oxychlorination

[
[
[

vent

Fig. 2. Schematic diagrams of a thermal gravimetric analyzer(TGA)
system for the reactivity test; (1)water reservoir and bub-
bler; (2)gas pre-heater; (3)electric balance; (4)sample bas-
ket; (S)heater; (6)personal computer.
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Fig. 3. Schematic diagram of interconnected fluidized bed reactors
for CLC; (a)configuration A: a system of one bubbling bed
with a riser; and (b)configuration B: two bubbling beds with a
riser; (1)air reactor(0.038 m 1.D.x0.94 m height); (2)fuel
reactor(0.038 m 1.D.x0.56 m height); (3)riser(0.010 m LD.
x1.52 m height); (4)loop-seal(seal-pot)(0.025 m 1.D.x0.20 m
height); (S)cyclone; (6)auxiliary aeration into the loop-seal;
(7)valve to measure solid circulation rate; (8)distributor.
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Fig. 5. (a)Solid circulation rate and (b)solid inventory as a function of
solid conversions in the fuel and air reactors.
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d, :mean diameter of particle[m]
g : acceleration of gravity[m/s?]
G, :solid circulation rate[kg/m?s]
AL  : height difference between two measurement points[m]
m  :sample weight in experiment[g]
m,, :sample weight when fully oxidized[g]
m,,; :sample weight when fully reduced|g]
AP : pressure difference across the system[Pa]
AP, : pressure at bottom of the air reactor[Pa]
P, : pressure at top of the air reactor[Pa]
Pyp : pressure at bottom of the fuel reactor[Pa]
Ppp : pressure at top of the fuel reactor[Pa]
Prp : pressure at bottom of the riser[Pa]
Prr : pressure at top of the riser[Pa]
t : reaction time[s]
u,,. :auxiliary gas velocity into the loop-seals[m/s]
uzg : gas velocity in the loop-seals[m/s]
U, : minimum fluidizing velocity[m/s]
u, : gas velocity in the riser[m/s]
u, :terminal settling velocity[m/s]
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: conversion[—]

: variation of the solid conversion in the reactor [-]
: solid hold up[—]

: density of the solid particles[kg/m’]
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