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Kinetic study on desulfurization of limestone modified by wood vinegar

LIU Hong-tao, HAN Kui-hua, LI Hui, LIU Meng-qi, LU Chun-mei
(School of Energy and Power Engineering ,Shandong University , Jinan 250061 , China )

Abstract ; The sulfation reaction process and kinetics of limestone modified by wood vinegar,a kind of waste liquid,
were analyzed by thermogravimetic analysis method and grain reaction model. The results show that the desulfurization
performance of limestone can be effectively improved after being modified by wood vinegar in the whole temperature
range (850—1 000 °C ). The phase composition analysis measured by XRD of limestone modified by wood vinegar
shows that the major composition in the sample is hydration calcium acetate. The thermal decomposition of modified
limestone shows the characteristic of multi-stage. The structure of thermal decomposition product of modified lime-
stone , measured by scanning electron microscope and nitrogen adsorption method ,is much looser than that of original
limestone , which is conducive to the sulfation reaction. The rate constant of the surface reaction (k) of modified lime-
stone is slightly smaller than original limestone’ s,but there is huge gap between the effective diffusivity of reactant in
the product layer (D) of these two samples. The enhancement of sulfation is more pronounced once the product layer
has been formed and consequently the promoting effect becomes greater once the sulfation reaction becomes diffusion
controlled.
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Table 1 Composition analysis of limestone %
w( Ca0) w(MgO) w(Si0,) w(AlL03) w(Fe,05) w(K,0) w(Na, 0) TS Gt
51.18 2.67 2.52 0.62 0.37 0.27 0.07 41.79 99. 49
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Fig. 1 Sulfation process of limestone and modified limestone
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Table 2 Kinetic parameters of desulfurization reaction in

different control regions

E,/ ko/ E/ Dy/
T
(kJ +mol™) (em-s™') (kJ - mol™) (em? - s7")
Ve Zsl 13.26 0.55 137. 16 11.90
KESFEBRA KA 17.89 0.74 106. 99 6.25
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Table 3 Kinetic parameters of k and D,

at different temperatures

i /K k/(em-s') D/(10%m? - s7")
1123 13.2 4.96
1173 14.0 9.28
aRA
1223 14. 8 16. 49
1273 15.6 28.01
1123 10. 8 65.93
1173 11.8 107. 45
AR B KA
1223 12.7 168.27
1273 13.6 254.39
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Fig. 3 XRD spectra of limestone modified by wood vinegar
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Table 4 Nitrogen adsorption analysis of different samples

after thermal decomposition
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