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Abstract — Nonisothermal calcination and isothermal sulfation reactions of wasted oyster shell were conducted in the ther-
mogravimetic analyzer in order to use as the sorbents for dry, high-temperature desulfurization system. The physical and chem-
ical characteristics of sample were analyzed. Nonisothermal calcination reaction were conducted at the various heating rate
under flowing nitrogen and CO, gases. Sulfation reactions were conducted with respect to various factors: 500-950 °C iscther-
mal reaction temperature, 0.2-1% SO, concentration, and 0.7-5.0% O, concentration. Kissinger, Freeman-Carroll, Chatterjee-
Conard and Achar method were used to analyze the calcination reactivity. The activation energy for the calcination reaction
was 170.1 to 235.5 kJ/g-mol, and the reaction order for solid reactant was about 0.5 to 0.76. Measured activation energy for suk-
fation reaction was 24.4 kJ/g-mol in the temperature region from 350 °C to 630 °C, whereas 31.5 kJ/g-mol in the range from
150 °C to 950 °C. The reaction orders with respect to SO, and O, concentration were 1.38 and 0, respectively. Maximum %
conversion of the sulfation reaction of the calcined oyster shell was shown to be over 80%.
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Fig. 1. Schematic diagram of the calcination and sulfation apparatus.
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Table 1. Elemental analysis of calcined oyster shell(ppm)
Component Na Mg Al Si Fe Cu Zn
3722 7715 2227 352 451 1069

Content 597

Table 2. Specific surface area of oyster shell

Raw ayster shell Calcined oyster shell
Specific surface area(m’/g) 2.131 1.408
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Fig. 2. SEM micrographs of oyster shell.
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Fig. 6. Effects of CO, concentration on calcination.
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Fig. 8. Application of Freeman-Carroll method.

Table 3. Interpretation of calcination data by Freeman-Carroll method

Heating rate Activation Reaction Correlation
(°C/min) energy(kJ/g-mol) order(n) coefficient(r)
10 206.56 0.73 0.9991
30 208.12 0.82 0.9994
50 187.65 0.72 0.9998
Average 200.78 0.76
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Table 4. Interpretation of calcination data by Chatterjee-Conard method
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Fig. 10. Application of Achal method.

Table 5. Interpretation of calcination data by Achar method

Heating rate Activation Frequency Correlation Reaction Activation Frequency Correlation
(°C/min) energy(kl/g-mol) factor(A) coefficient{r) order(n) Energy(ki/g-mol) factor(A) coefticient(r)
10 243.81 4,637 %102 0.9961 05 170.14 2.496 X 108 1.0000
30 241.90 2.385x 1012 0.9982 0.7 200.30 9.684 x 10° 0.9995
50 220.66 2091 % 101! 0.9983 0.8 214.88 6.030 % 1010 0.9991
Average 23546 2.410 % 10" 09 22946 3756 % 10" 0.9984
1 244.04 2.339 X 10% 0.9978
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Table 6. Some experimental values for the calcination of CaCO,

Investigator Activation energy{kJ/mol) Sample(mg) Dynamic/isothermal Atmosphere Order
Berlin and Robinson 175.5 250 D N, -
Coats and Redfern 2171 100 D Air 0.46
Freeman and Carroll 1632 290 D Air 04
Kissinger 180.2 - 1 - -
Speros and Woodhouse 184.8 100 D N, 0.2
Sharp and Wentworth 180.6-193.2 1000 D - 0.5
Gallagher and Johnson 142.8-298.2 1-16 D O, 0.11-0.79
Borgwardt 201.6-205.8 7-50 . 1 N,, He, Ar -
Bak 151-202 10 D N, 0.42-0.77
Kang 131.8 - b Air 1
This study 170.1-235.5 10 D N, 0.5-0.76
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Fig. 11. Comparison of sulfation conversion for oyster shell and lime- Fig, 13. Effects of temperature on the sulfation reaction.
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: frequency factor or pre-exponential factor
: energy of activation [kJ/mol]

; rate constant

: order of reaction

: gas constant, 82.06 cm® - arm/mol - °K

E
=

: reaction time [min]
: absolute temperature [°K]

HH T R R m e

E

: temperature at maximum reaction rate [°K]
: temperature at which value of (1-x) is 1/e K]

—

-

: sample weight at time t [mg]

£ =

: initial weight [mg]
- overall conversion, dimensionless

e

o

: calcination conversion, dimensionless
: sulfation conversion, dimensionless
- heating rate{dT/dt) [°C/min]
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