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Abstract— Sulfation reaction kinetics of Cu0/SiO,-AL,O, sorbent with SO, gas have been determined with the variations
of particle size, gas flow rate, SO, concentration and reaction temperature in a thermo-gravimetirc analyzer(TGA). Reactivity
of Si0,-AlLO; support with SO, gas is found to be negligibly small during the sulfation reaction. The order of sulfation
reaction with respect to the CuO/SiO,-Al,0, sorbent is first order and the reaction rate decreases with increasing the particle size
(d,) due to the increase of the diffusion resistance. Sulfation conversion of the sorbent(d,=0.1 mm) follows the uniform reaction
model and the activation energy is found to be 43.8 kJ/mol. When the particle size increases above 0.3 mm, the overall reaction
is controlled by the diffusion of SO, through the product layer, and the activation energy of the effective diffusivity is 60

kJ/mol.
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Fig. 1. Schematic diagram of thermogravimetric analyzer.
1. N, 7. Fan
2. Air 8. Basket
3. S0, 9. Balance
4. H, 10. Controller
5. Gas chromatography 11. Buffering line
6. SO, trap 12. Thermocouple
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Fig. 2. S/Cu mole ratio of CuO loaded sorbent as a function of reac-
tion time in terms of reaction temperature.
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Fig. 3. Effect of gas flow rate on initial sulfation rate of 8 wt% CuO/

$i0,-Al,0, sorbent at 500 °C.
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Fig. 4. Effect of SO, concentration on initial sulfation rate of 8 wt%
CuO/Si0,-ALO; sorbent at 500 °C.
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Fig. 5. Effect of particle size of CuO loaded sorbent on initial sulfa-
tion rate.

0.01

HWAHAK KONGHAK Vol. 37, No. 2, April, 1999



232 474 - AT ARE

1.0

particle size : 0.1 mm
gas flow rate : 400 cc/min
0.8 80, concentration : 7800 ppm

o
=2
$ os
=
c
]
E
S 04}
o
i . -
: BY
L v
02 v :400°C
= :450°C
o :500°C
Q0™ L 1 1
0.0 0.2 0.4 06 0.8 1.0

Model predicted value

Fig. 6. Comparison of experimental value with model predicted value
(uniform reaction model).
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Fig. 7. Arrhenius plots of reaction rate constant for the sulfation of
8wt% CuO/SiO,-AlL, O, sorbent.
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Fig. 8. Sulfation conversion of 8 wt% CuO/Si0,-AL, 0, sorbent as a
function of reaction time in terms of reaction temperature,
Comparison of experimetal data with model predictions ; solid line :
uniform reaction model(URM), dotted line : shrinking core model
(SRM).
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Fig. 9. Comparison of experimental value with model predicted value
(uniform reaction model).
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Fig. 10. Arrhenius plots of product layer diffusivity for the sulfation
of 8 wt% CuO/Si0O,-AlL0; sorbent.
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(o : concentration of i species [mol m ’]
d, : particle size [mm]
D.  :effective diffusivity of gas through the product blanket [m’ s]
ke  :reaction rate constant [m* mol ' min™"]
m, n :reaction order [-]
R : radius of particle [m]
Ic : radius of unreacted core of reactant solid [m]
R,  :reaction rate [min ']
t : time [min]

Xs  :conversion of solid reactant [-]

a2(0]|A ZXt
ps  :molar density of solid [mol m ]
T : time for complete conversion of a fresh particle [min]
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