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Abstract: Against the backdrop of the low-carbon energy transition, catalytic gasification is a crucial approach
for achieving a gentle and efficient conversion of coal, as well as reducing energy consumption and carbon
emissions. elucidating the evolution of coal char gasification reactivity and the mechanisms governing its kinetic
regulation is of significant scientific and engineering value for the highly efficient and clean utilization of coal. In
this study, anthracite (YN) and bituminous coal (TJ) were selected as the research objects. To closely simulate the
real industrial environment, the coal char was prepared by pyrolysis at a high temperature of 1500 °C in a tube
furnace. CaO-loaded coal chars were prepared using direct addition and impregnation methods. Variable kinetic
parameters were obtained through isothermal thermogravimetric experiments and the General Surface Activation
Function Model (GSAFM), while structural evolution was characterized using FSEM and Raman spectroscopy.
The results demonstrate that the catalytic effect of the impregnation method is superior to the physical mixing of
the direct addition method, it is pointed out that the close contact between CaO and the coal char matrix is a
crucial prerequisite for the catalytic effect to take place. GSAFM can well describe the catalytic gasification
behavior of coal char in the entire conversion range. CaO primarily enhances char reactivity by reducing the mean
activation energy; however, the stage-dependent mechanism based on variable kinetics is significantly regulated
by the reaction atmosphere. Under an O, atmosphere, the early reaction stage is dominated by the variable
activation energy (Ex), while the later stage shifts to being controlled by the variable pre-exponential factor (4x).
Under a CO; atmosphere, 4y governs the initial reactivity difference, the decrease in Ex plays the primary role in
the middle stage, and the influence of Ay strengthens again in the later stage. Under a H>O atmosphere, the initial
Ax is higher, and Ey continuously decreases throughout the middle and later stages, ensuring the reaction rate of
the catalyzed char remains consistently higher. Furthermore, FSEM reveals that CaO significantly intensifies the
surface reconstruction of coal char. Raman spectroscopy indicates a decrease in the /pi/lg ratio and an increased
degree of graphitization in the catalyzed char; nevertheless, the reaction rate still significantly improves. This
suggests that the reaction enhancement primarily originates from the reconstruction of active sites and the
alteration of surface reaction pathways. This study clarifies the stage-dependent kinetic mechanism of CaO
catalysis, providing a theoretical basis for the design and modeling of highly efficient coal gasification catalysts.
Key words: Coal gasification kinetics; CaO catalytic gasification; General surface activation function model;
Variable kinetics
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YN 0.88 1995 10.05 69.12 73.06 297 19.88 04 3.69

TI 1.79 1431 29.41 5449 69.28 4.53 2523 0.44 0.52

YNC 030 1870 1.18 79.82 84.44 0.035 12.70 1.18 1.65

TIC 1.07 1897 243 7753 81.76 0.07 16.57 1.06 0.55
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coal char and the coal char with added CaO under CO»
atmosphere
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Fig.15 FSEM images of coal char (2 pm, (a) YNC, (b) TIC)
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16 #ELELER FSEM Bl (2 um, (a) YNC + 10%CaO,
(b) TJIC + 10%Ca0)
Fig.16 FSEM images of catalyzed coal char (2 um, (a) YNC +
10%Ca0, (b) TIC + 10%Ca0)
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Fig.17 Fitted curve of Raman spectral peaks of coal char
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Fig.18 Fitted curve of Raman spectral peaks of catalyzed coal
char
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