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Abstract: Characterization studies indicates that gasification slag exhibits a well-developed pore

structure, suggesting its potential utility in the synthesis of high-value adsorbent materials.
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Through carbon sorting and activation processes, the porous architecture of this material can
be further optimized, resulting in an enhanced specific surface area. This investigation focuses
on the valorization of high-carbon products derived from sorted coal gasification fine slag, with
systematic evaluation of sorting technology efficacy and resource utilization potential. Brunau-
er-Emmett-Teller (BET) analysis was employed to characterize the porosity and specific sur-
face area of processed materials for adsorbent capability assessment. Optimal activation param-
eters were identified as 900 “C activation temperature, duration of 120 minutes, and KOH-to-
slag mass ratio of 3 ¢ 1, under which the resulting material exhibited a maximized specific sur-
face arca of 1 063. 522 m”/g with enhanced pore structure development. Experiments conduc-
ted using a fixed-bed reactor have demonstrated significant adsorption capacities of the modi-
fied carbon material for harmful gases, with maximum adsorption capacities for NO and SO,
reaching 4. 842 mg/g and 13. 629 mg/g respectively, under the specified optimal conditions.
An analysis of the adsorption mechanism, employing the pseudo-first order model, Elovich
model, and intra-particle diffusion model revealed the complex nature of the adsorption proces-
ses. This investigation provides methodological insights for the sustainable management of
coal gasification residues while establishing a technical foundation for their high-value applica-

tions in environmental remediation technologies.
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Fig. 1 Gasification slag graded and classified large-scale full utilization technology route
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Table 1 Characteristics of raw materials and sorting high-carbon products %
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Fig. 2 Tube furnace activation modification reaction system
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Fig. 3 Adsorption experiment system diagram
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Table 2 Specifc surface area and pore size parameters of samples
BIQEEZIRIE S RWA/ (m” e gD FLARB/(m® g FHFLAE /nm
HCAMY900-3 : 1-30 1 038. 394 0.706 2.718
HCAMY900-3 : 1-60 879. 269 0.638 2.902
HCAMY900-3 : 1-90 718.778 0.571 3.177
HCAMY900-3 : 1-120 1 063.522 0.743 2.794
HCAMY900-1 : 1-90 341.459 0.242 2.838
HCAMY900-2 : 1-90 372.707 0.263 2.823
HCAM900-4 : 1-90 496. 231 0.413 3.331
HCAMY900-5 ¢ 1-90 394.161 0.314 3.186
HCAMS800-3 : 1-90 211.177 0.183 3.473
HCAMI1000-3 ¢ 1-90 396. 068 0.352 3.557
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Fig. 4 Nitrogen adsorption and desorption isotherm
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NO and SO, adsorption by modified porous material: Activator dosage effects
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Table 3 NO and SO, adsorption and adsorption capacity of modified porous materials at different dosage of activator
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Fig. 7 NO and SO, adsorption by modified porous materials: Activation time effects
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Table 4 NO and SO, adsorption and adsorption capacity of modified porous materials at different activation time
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Fig. 8 NO and SO, adsorption by modified porous materials: Activation temperature effect
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Table S NO and SO, adsorption and capacity of modified porous materials at varying activation temperature

6 AL TR/ NO 1 fff SO, Tkt NO Wz B4 Al SO, W B 61 1 NO Wt & / SO, W bff it/
C B /s ZEE I ] /s 18] /s I il /s (mg+g ") (mgeg 1
800 4 4 214 150 2.362 7.917
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1 000 2 2 282 164 2.638 8.327
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Fig. 9 Pseudo-second-order model of NO and SO, adsorption by modified porous materials
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Fig. 10 Elovichmodel of NO and SO, adsorption by modified porous materials
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Fig. 11 Internal diffusion model of NO and SO, adsorption by modified porous materials
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Table 6 Kinetic parameters of the internal diffusion model of NO and SO, adsorption by modified porous materials
Ff i K, C, R’ K, C, R,’ K Gy R,
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HCAM900-3 = 1-120
SO, 0.5854 2.3067 0.9604 0.1746 8.4088 0.9867 0.0979 10.1421 0.997 4
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