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Abstract — In order to meet more severe environmental regulations, oxy-fuel circulating fluidized bed(CFB) boilers or
ultra supercritical CFB boilers, which are a kind of process in that solid particles moves similar to fluid, have been
developed in the world. In CFB power generation processes, the method to reduce or remove sulfur dioxide is in-situ
desulfurization reaction via limestone directly injected into CFB boilers. However, the desulfurization efficiencies have
continuously changed because limestones injected into CFB boilers are affected by various operation conditions (Bed
temperature, pressure, solid circulating rate, solid holdup, residence time, and so on). In this study, a prediction method
with physical and chemical properties of limestone and operation conditions of CFB boiler for in-situ desulfurization
reaction in CFB boilers has developed by integrating desulfurization kinetic equations and hydrodynamics equations for
CFB previously published. In particular, the prediction equation for in-situ desulfurization was modified by using
experimental results from desulfurization reactions of various domestic limestones.
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Fig. 1. The behaviors of limestone during in-direct desulfurization
reaction.
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Table 1. Design criteria for simple indirect desulfurization model
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8k 2 Q8 T4 9] RS 0.49 kg/sO1TH10,25].
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AgEe] Wate] W A% 248 $3310] Fig, 40 YER]
Ak 4 (25)0IM ARSI Qs RS ol 23 &8, ik &
5, 2314 Y19] CaCO, -&o] B3A|] o5 Ash= ul vle- F
238 gl 4 9tk £25%2] WA ol whE W Eoly Huj
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Property Symbol Unit Value
The amount of sorbent (Limestone) feed F,,, kg/s 0.487947564
The calcium to sulfur molar ratio R [-] 2.817633296
L, kg/kgpe: 0.006505968
The amount of coal feed F. ton/h 270
Fractional efficiency of sulfur capture E,,, [-] 0.45
Weight fraction of sulfur in coal S [-] 0.000664997
Equivalent sulfur in coal S
Heating value of the fuel HHV kl/kg 17794
SOx limit L g/MJ
Average bed density Phav 15.7
Furnace height H 52
P* kmol*s/m’ 0.052301255
Superficial gas velocity in the bed U m/s 4.7
Weight fraction of ash in coal ASH 0.03
Cyclone efficiency E, 0.998
Reaction rate constant K m*/kmol*s 19.12
8(o0) 0.272
Weight fraction of CaCOj in limestone Xeucos 0.9
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Fig. 6. Desulfurization conversions of various domestic limestone
samples.
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Table 2. Average desulfurization conversions with different particle size
Particle [pm] 0-75 75-106 106-212 212-300 300-500 500-1000
Conversion [-] 0.64 0.48 0.32 0.18 0.18 0.17
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INe=X =
A : Cross section of the furnace [m?]
A, : Area of the furnace exit [m?]
a : Exponent in bed density profile [m™]

ASH : Weight fraction of ash in fuel [wt%]

(Ca/S) : Calcium to sulfur molar ratio [-]

C, : Molar concentration of sorbents in the bed [kmol/m?]
Cso, : Concentration of sulfur dioxide [kmol/m’]
Cy : Concentration of sulfur dioxide at x=0 [kmol/m?]

Fe 91 A2l 57t 859

: Concentration of sulfur dioxide at y [kmol/m?]

£
2.
S

: Diameter [m]
: Activation energy [kJ/Kmol]
: Solid collection efficiency of the furnace exit [-]

®

: Average cyclone efficiency [-]

)

mmmm e

%
IS}
S}

: Sulfur capture efficiency [-]

: Coal feed rate [kg/s]

: Sorbent feed rate [kg/s]

: Weight fraction of unreacted sorbent in bed materials [-]

™
o

@
]

5 : Downward solid flux [kg/m’s]
: Upward solid flux [kg/m?s]

O Qs

G, : Solid recycle rate [kg/m?s]

H : Height of the boiler furnace above the secondary air level [m]
HHV  : Higher heating value of fuel [kl/kg]

K(t) : Reactivity of sorbent particles at time t [s']

K : Reaction rate of sulfation [m*/kmols]

M,, : Moles of calcium or CaCOj in sorbent particles [kmol]
\Y : Molecular weight of calcium oxide, 56 [kg/kmol]

m : Local rate of SO, formation [kmol/m’s]

Zmg,,, :Sum of all outflows of sorbents of size d and d+Ad [kg/s]

M_wo3  : Molecular weight of limestone, 100 [kg/kmol]

n : Index of reaction rate [-]

p : Moles of calcium per unit volume of sorbent particle
[kmol/m?]

p* : Proportionality constant in Eq. (5.16), s. [kmol/m’]

R : Universal gas constant, 8.314 [kJ/kmolK]

R, : Initial reaction rate [kmol/s]

R() : Reaction rate of sulfation at time ¢ [kmol/s]

R : Sorbent radius [m]

S : Sulfur mass fraction in fuel [-]

S' : Maximum sulfur fraction in fuel to meet regulation without
capture [-]

T : Temperature [K]

t : Time [s]

t(d)  :Total residence time of a particle of diameter d [s]

ty : Sulfation time [s]

t, : Pore plugging time constant [s]

ty : Average particle residence time during single trip through
the bed [s]

U : Superficial gas velocity [m/s]

U, U, :Upward and downward velocity of solid particles near the
exit of the furnace [m/s]

v, : Volume of a sorbent particle [m’]

wi(d)Ad : Mass of bed materials of size between d and d + Ad [kg]

X : Height in the furnace above the secondary air level [m]

Xeweo - Weight fraction of calcium carbonate in the sorbent particle
[-]

J=[olA 2Kt

€ : Average bed voidage near the furnace exit [-]

) : Current extent of sulfation [-]
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3(t) : Extent of sulfation at time t [-]

8(%0)  : Asymptotic or maximum final extent of sulfation of the
sorbent [-]

Py : Density uncalcined sorbent [kg/m?]

pp(0) = py(0), pp(e°), density of the bed at secondary air level,
distance, y above it and the asymptotic value [kg/m?]

Poay : Average bed density [kg/m’]

10.
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