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Mechanical grinding modification for enhanced dewatering of coal gasification
fine slag: pore structure regulation, water occurrence evolution, and factor
effect analysis
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Abstract: To address the low vacuum filtration efficiency and high filter cake moisture content of coal gasification
fine slag, this study investigated an entrained—flow coal—-water slurry gasification fine slag with an initial filter cake
moisture content of 53.14%. An L,(4°) orthogonal design was used to examine the effects of grinding conditions on
dewatering performance. Particle size distribution (PSD), N2 adsorption/desorption, mercury intrusion porosimetry
(MIP), low—field nuclear magnetic resonance (LF-NMR), and differential scanning calorimetry (DSC) were
combined to analyze the variations in particle characteristics, pore structure, water occurrence state, and dewatering
behavior. The results show that range analysis indicated the main—effect trend of the three factors on filter cake
moisture content followed the order of grinding time > slurry concentration > grinding frequency. Analysis of
variance showed that the overall effects of the three factors did not reach statistical significance at the 95%
confidence level. However, grinding time showed a near—significant trend, and significant differences were observed
between 5 min and 15 min, as well as between 5 min and 20 min. Compared with the raw slag CQ, under the
conditions of 30% slurry concentration and 15 min grinding, the filter cake moisture content of CQ7 decreased from
53.14% to 42.90%, corresponding to a relative reduction of 19.27%. The cumulative filtrate volume during the 25 s
above—slurry filtration stage increased from 127.10 mL to 153.00 mL, representing an increase of 20.4%. Moderate
mechanical grinding promoted particle breakage and particle size redistribution, significantly reduced the pore
volume larger than 5500 nm, and weakened water adsorption in fine pores and capillary retention, thereby
improving water migration and discharge and enhancing dewatering performance. In contrast, under the conditions
of 40% slurry concentration, 5 min grinding time, and 50 Hz grinding frequency, the filter cake moisture content of
CQ13 remained as high as 50.30%, indicating that the dewatering enhancement was limited under high—solid—
concentration and short—duration grinding conditions. Overall, the key to enhancing the dewatering of coal
gasification fine slag by mechanical grinding lies in the coordinated optimization of particle size distribution, pore
size distribution, and water occurrence state, thereby reducing water storage space and improving drainage
pathways. This study provides a theoretical basis and technical guidance for the efficient dewatering of coal

gasification fine slag.
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Table 1 Proximate analysis of coal gasification fine slag
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Table 2 Levels of factors in the orthogonal design
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Table 5 Analysis of variance (ANOVA) for the three

factors affecting filter cake moisture content
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Table 6 Results of post hoc multiple comparisons
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Fig. 2 Incremental particle size distribution (a) and cumulative particle size distribution (b)
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(a) Micro— and mesopore distribution obtained from N2 adsorption/desorption; (b) Macropore distribution determined by MIP
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Table 7 Pore structure parameters of CQ, determined by MIP

. LB LA AL RBUE FEWCHARVEE BT FLBRAAREL I AL BRI
(%) (nm) (ml/g) (g/ml) (g/ml) (mL/g) (mlL/g)
CcQ 79.7269 334.08 1.9856 0.4015 1.9806 0.8954 1.0040
CQ7 71.3754 430.93 1.3640 0.5233 1.8281 0.8394 0.4588
CQ13 79.2956 314.49 1.9220 0.4126 1.9926 0.9434 0.8544
CQ17 70.7603 330.43 1.2824 0.5518 1.8870 0.6944 0.5033
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2 THT 1 B i 77 RN B 20 35 SR 40 1) Fe 5, 11T CQ, AR
UMM B 55 0 453 BB R S ACR &5 S mT 1, 5
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Table 8 Spatial distribution and storage state of water

fractions
TR ZH cQ CQ, CQ, CQ,
SMEBK TR bR W (%) 53.14% 42.90% 50.30% 43.56%
ms) 0196 0.162 0.164 0.171
s) 24362 8010 16322 7.144
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T RN (] BV LB AL (%) 11.670 19.335 25.863 21.787
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Fig. 7 Dewatering kinetics of CQ, under different grinding

conditions
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