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Kinetic Analysis of Additive Effect on Desulfurization Activity
HAN Kurhua, ZHAO Jiarrli, LU Chumrmei, WANG Yong zheng, ZHAO Garju CHENG Shiqing
( School of Energy and Power Engineering, Shandong University, Ji nan 250061, China)

Abstract: T he additive effects of AlLO3, Fe:03 and MnCO3 on CaO sulfation kinetics were investigated by thermogravimetic analysis
method and modified grain model. The activation energy ( £,) and the preexponential factor ( ky) of surface reaction, the activation
energy ( £,) and the preexponential factor ( Do) of product layer diffusion reaction were calculated according to the model. Additions
of MnCOj3 can enhance the initial reaction rate, product layer diffusion and the final CaO conversion of sorbents, the effect mechanism
of which is similar to that of Fe;O3;. The method based isokinetic temperature 7', and activation energy can not estimate the
contribution of additive to the sulfation reactivity, the rate constant of the surface reaction ( k), and the effective diffusivity of
reactant in the product layer ( D) under certain experimental conditions can reflect the effect of additives on the activation.
Unstoichiometric metal oxide may catalyze the surface reaction and promote the diffusivity of reactant in the product layer by the
crystal defect and distinet diffusion of cation and anion. According to the mechanism and effect of additive on the sulfation, the
effective temperature and the stoichiometric relation of reaction, it is possible to improve the utilization of sorbent by compounding
more additives to the calcium-based sorbent.
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Table 1 Kinetic parameters of sulfation in different control regions

B, b ko Er Po
JkJrmol™ ! fememin™ ' /kJ*mol” ' /em®omin” !
Ca0 14. 24 156. 96 123.08 1 543.36
CaO+ ALO; 25.52 408. 87 30. 50 0.14
Ca0+ Fea0s 10. 45 115.97 20.29 0.085
CaO+ MnCO; 11. 10 120. 31 17.05 0.12
F2 TRREREH kKD,
Table 2k and D, at different temperatures
Bl i K k/ememin™ ' 10*D./em® min” !
Ca0 1073 31.81 15.73
1173 36.45 50. 98
1273 40. 88 137.39
CaO+ ALO; 1073 23.39 46. 56
1173 29.85 62. 32
1273 36. 66 79. 67
Ca04+ Fey03 1073 35.95 87. 10
1173 39.73 105. 74
1273 43.21 124. 52
Ca0+ MnCO; 1073 34.67 178. 06
1173 38.55 209. 57
1273 42.15 240. 43
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Table 3 Self-diffusion coefficient of metal oxide

Ik Ei P RS D em®es™ ' AFNGERIE T/K

Ca0 Ca(s.p.) 3. 13x 10" 1273

AlLO; Al p) 5.46x 10" 1873
0(s) 1.00 % 10*

Fe:03 Fe(p) 2.00x 10% 1273
0(p) 4.39x 10"

Zn0) Zn( s) 1.59 % 10" 1273
0(s) 1. 13x 10% 1373

Fes04 Fe(s) 1.53% 10" 1273

MgO Mg(s) 5.09x 10" 1673
0(s) 3.48x 10°
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