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Reaction kinetics of coal char gasification with CO, and the effect
of internal diffusion on the gasification
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Chinese Academy of Sciences, Taiyuan 030001, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The effects of temperature (850-1 150 ‘C) and particle size ( < 60, 505, 950, 1515 and 2 000 wm)
on the gasification of Shenmu coal char with CO, were investigated by using thermogravimetric apparatus (TGA )
under atmospheric pressure. Three kinetic models of volumetric, shrinking core and random pore were applied to
validate the experimental results, which illustrates that the random pore model can accurately predict the
conversion rate for coal char gasification. Thiele modulus and effectiveness factor were determined on the basis
of the intrinsic kinetic rate at 850—1 000 ‘C ; a comparison between calculated and experimental effective factors
suggests that the calculated effective factor can give a quantitative estimation of the effect of internal diffusion on
the initial stage of gasification, but cannot describe the whole gasification process.
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Table 1 Proximate and ultimate analyses of Shenmu (SM) coal and the residual char

Proximate analysis w_,/%

Ultimate analysis w,,/ %

Sample

Vv M A FC C H (oN N S,
SM coal 32.46 1.56 6.73 59.25 75.78 4.65 10.12 1.01 0.15
SM char 1.40 0.57 10. 31 87.72 86. 77 0.70 0.28 1.24 0.13
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Figure 1  Gasification rate vs. conversion curves fitted by different models at 900 C (a), 950 C (b), and 1000 C (c)
: volumetric model; - : shrinking core model; — : random pore model; W: <60 pm; ®: 1 513 pwm
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Figure 2 Char conversion vs. time curves for the gasification of Shenmu coal char with CO, at various temperatures

(a): particle size < 60 wm ; (b) . particle size = 950 pm
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Figure 3  Arrhenius plot for the gasification of Shenmu coal
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Figure 4 Char conversion vs. time curves for the gasification of Shenmu coal char
with various particle sizes at 900 C (a) and 1000 C (b)
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Figure 5 Thiele Modulus () vs. particle size (d,) curves
at various temperatures
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