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Fig. 1 Ratio of attrition rate to limestone feed rate in 71
MWe PFBC observed during BA coal
combustion at Ca/S =3.6-4.8

(Calculated by the present authors based on the

experimental data of material balance of calcium drained

as fly ash from PFBC reported by Sakuno et al. ©')
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Table 1 Calculation conditions
Initial radius (Ry) 0.250 mm
Final radius 0.125 mm
Total pressure 1 MPa
Temperature 1,123 K
Limestone density, o 2,700kg/m?*
Molecular weight of CaCOs, M 100 kg/kmol
Average attrition rate, 1 4 m/h
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Fig. 4 Effect of mode of attrition and SO, concentration on the change in conversion with time compared to the case
without attrition

(with attrition: « =1 z m/h; parameter: SO, molar content in gas [ppm])
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Fig. 5 Effect of attrition mode on the dependency of initial reaction rate on SO, concentration
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Fig. 6 Effect of attrition mode on the change in Re and R with time
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Fig. 7 Effect of attrition mode on the product layer thickness
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Nomenclature

C concentration of SO,

Ce concentration of SO; at the surface of unreact-

ed core

Ce concentration of SO; in bulk gas

De effective diffusivity

k reaction rate constant

M molecular weight of CaCO;

n reaction order

R distance from the center of sorbent particle
Re radius of unreacted core

Re radius of particle

Ry initial radius

t time
X conversion

a attrition rate

0 density of limestone

X ik
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A Model of SO, Removal by Single Limestone Particle under Pressurized
Fluidized Bed Combustion Conditions with Solid Attrition

Tadaaki SHIMIZU, Mirko PEGLOW, Kazuaki YAMAGIWA, and Masato TANAKA

(Department of Chemistry & Chemical Engineering, Niigata University)

SYNOPSIS . — A mathematical model of SO, capture by single limestone particle
under pressurized fluidized bed combustion conditions was proposed. In the present
model, particle attrition was taken into consideration. Effect attrition mode, i.e. contin-
uous attrition or intermittent attrition, on overall reaction rate, overall reaction order
with respect to SO, concentration, and maximum utilization of solid were evaluated.
Attrition mode had a great influence on sulfur capture behavior even if the average attri-
tion rate was the same. Attrition mode was found to be very important to make a model
of SO, capture in pressurized fluidized bed.
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