SRR

#rxgaiam COAL SCIENCE AND TECHNOLOGY

WS ACHE P BRI L SR BE L5 B R4
Ik AT RAR WAL

SIAA:
i, MRS, WRE, SR B e BRI e AL TR BEARR SRR, 2025, 53(6): 191-201.

SUN Hao, JTANG Linliang, CHANG Xinzhuo. Regulation on strength and pore structure of non—sintered ceramsite filter material
derived from coal gasification slag[J]. Coal Science and Technology, 2025, 53(6): 191-201.

TELR R View online: https:/doi.org/10.12438/cst.2025-0312

AT ARG HAh SCEE

Articles you may be interested in

B TR AR 28k

Review on resource utilization of coal gasification slag

PERPIFR AR, 2024, 52(8): 192-208  hitps://doi.org/10.12438/cst.2023-1147

B PR B 5 SR T A MU i

Review of physical and chemical characteristics and heavy metal migration rules of coal gasification slag

PERPIFFAR . 2025, 53(2): 426-443  hitps://doi.org/10.12438/cst.2024-0475
IS R BT S 255 R IRt

Research progress characteristics analysis and comprehensive utilization of coal gasification slag

JREIRBEFIAR. 2022, 50(11): 251-257  hitp://www.mtkxjs.com.cn/article/id/2a495359-0e29-4312-ab2f-8a48f369ec17

ANV AR AR LB F S SRR X PUIr I R 52

Fractal characteristics of pore structure of coal with different metamorphic degrees and its effect on gas adsorption characteristics

TREIRBHEFIAR. 2020, 48(2)  http://www.mtkxjs.com.cn/article/id/c30988c8-404a—-42aa—9840-047813302665

AR LSRG B AR FLBRES A 0 T R IE B HABIF 58 7
Fractal characteristics of pore structures on different coal structures and its research significance

PERPLF AR, 2023, 51(10): 198-206  hitps:/doi.org/10.13199/j.cnki.cst.2022-1867

B PE S SR B O LB TR AE B OGS 25 2R B 52

Micro—pore fractal characteristics of outburst coal in Western Guizhou and its influence on permeability

PERPIAFAR. 2021, 49(3): 118-122  hitps://doi.org/10.13199/j.cnki.cst.2021.03.015

KHEMIFE AT, RAFHHEZTHRER


http://www.mtkxjs.com.cn/
https://doi.org/10.12438/cst.2025-0312
https://doi.org/10.12438/cst.2023-1147
https://doi.org/10.12438/cst.2023-1147
https://doi.org/10.12438/cst.2024-0475
https://doi.org/10.12438/cst.2024-0475
http://www.mtkxjs.com.cn/article/id/2a495359-0e29-4312-ab2f-8a48f369ec17
http://www.mtkxjs.com.cn/article/id/2a495359-0e29-4312-ab2f-8a48f369ec17
http://www.mtkxjs.com.cn/article/id/c30988c8-404a-42aa-9840-047813302665
http://www.mtkxjs.com.cn/article/id/c30988c8-404a-42aa-9840-047813302665
https://doi.org/10.13199/j.cnki.cst.2022-1867
https://doi.org/10.13199/j.cnki.cst.2022-1867
https://doi.org/10.13199/j.cnki.cst.2021.03.015
https://doi.org/10.13199/j.cnki.cst.2021.03.015

£ 53E5%F 6 M CA =3 N Vol. 53 No. 6

20254F 6 H Coal Science and Technology Jun. 2025

PN T RS, R AL, AR S e B R iR BE RN AL 2 AL R 4 (0], R B EOR, 2025, 53(6):
191-201.
SUN Hao, JIANG Linliang, CHANG Xinzhuo, et al. Regulation on strength and pore structure of non-sintered

E FLE%  ceramsite filter material derived from coal gasification slag[J]. Coal Science and Technology, 2025, 53(6):
' Tm

wagRsse 1017200

JES L S B 38 R R FL 5 MR B

7 %1,2,3 4—%% 123 #%?,2,3 Eé\?ﬁ\l’z’}
(1. P E R ARG O T & 4 B S S0, VAR M 221116; 2. REG L AE BN T 5 kb TR AR L, T %M
2211165 3. FET K L T2ERE, 198 #0H 221116)

e

B PEAAE R S SRR R R A AL, iR AL M R R A IR AR e X
BEZE, B LMAH AR E LA MR X A, B AALE | RS e A B AR AR
BEFNERABIG, F1&T HIEIRE A 25.72 MPa, MEREE A 1160 kg/m® #9HE AALE 5 5 14 45 8
A, EAER X HTEATH . 28T LA B AR R R AR R R T ik, TR T ks
89 5% E TS R AULEL, RIS e A ki £ B3R JE R OR A K AL EE AR BR 4h /45 (N/C-A-S-H) % e, 1k & v £ 49
IAAE N/C-A-S-H %tz 7 49 Q*(2A1) BAKRSF 40.34% 35t £ 56.05%, XALIFAELRER 35 ) 24 IR A2 5
F &, B N/C-A-S-HBRIRLEMEmEE, Wik T Lt h FrkeRA, RATEMHEF T
YAk = PR A IR, A EREN RS, TR T 3N B AT e A g R SL IR &
BEAEEAY e, EREW. RRMEILRE 2133% TR &G K E 50.60%, 85 H &% Ef
ARE IR E 8.86 MPa f= 816 kg/m’, #t— & R Menger # %ok 7 32 5T b 547 T Mk E
AL MAFIE, KIETHRAF L RSB T TP F0 0 G S BB 458 B oy K1k
MEVE G, PIFHTHEHGEE A 2.770 ~2.801, BLEAKE S ALIE Fo b8 14 45 64 SUIR 45 #) RALZ JUAT T
8RB A IR a9 Fem, B AARE R Ik 0 B R 3R R T R 3 At T I
KR AR bk, FULE M B RSB 90 ek
PESES: TUS2 XERAREAD: A M EHS:0253-2336(2025)06-0191-11
Regulation on strength and pore structure of non-sintered ceramsite filter material

derived from coal gasification slag
SUN Hao'*”, JIANG Linliang'*’, CHANG Xinzhuo'*?, TIAN Quanzhi'*?
(1. State Key Laboratory of Coking Coal Resources Green Exploitation, China University of Mining & Technology, Xuzhou 221116, China; 2. National En-

gineering Research Center of Coal Preparation and Purification, China University of Mining & Technology, Xuzhou 221116, China; 3. School of Chemical
Engineering and Technology, China University of Mining & Technology, Xuzhou 221116, China)

Abstract: Gasified coal slag serves as a high-quality raw material for preparing non-sintered ceramsite filter media, where mechanical
strength and pore structure are critical determinants of filtration performance. Therefore, it is imperative to elucidate the relationship
between strength and pore structure in non-sintered ceramsite. By optimizing the formulation of gasified coal slag, metakaolin, and solid
alkali activators to develop a non-sintered ceramsite filter material exhibiting a cylinder compressive strength of 25.72 MPa and a bulk
density of 1 160 kg/m’. Through comprehensive characterization techniques including X-ray diffraction (XRD), scanning electron micro-
scopy (SEM), and solid-state nuclear magnetic resonance silicon spectroscopy (*°Si NMR), the strength formation mechanism was invest-
igated. Results revealed that sodium/calcium aluminosilicate hydrate (N/C-A-S-H) gel constitutes the primary strength-contributing phase.
The incorporation of metakaolin elevated the Q*(2Al) polymer content in N/C-A-S-H gel from 40.34% to 56.05%, thereby enhancing the

crosslinking degree of the aluminosilicate network and densifying the gel structure, which ultimately improved the mechanical properties.
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Pore-forming agents (hydrogen peroxide and cetyltrimethylammonium bromide) were employed to modulate porosity, combined with mer-

cury intrusion porosimetry, the effect of pore forming agent ratio on the porosity, strength, and density of ceramsite was investigated. It

was demonstrated that the porosity could increase from 21.33% to a maximum of 50.60%, accompanied by reductions in cylinder com-

pressive strength (8.86 MPa) and bulk density (816 kg/m®). Further analysis of the pore structure characteristics of non-sintered ceramsite

was conducted using Menger sponge and thermodynamic fractal models. It was found that the fractal dimension calculated based on the

thermodynamic fractal model had a higher linear correlation with the strength of ceramsite, with fractal dimension values ranging from

2.770 to 2.891. This indicates that pore structure evolution in gasified coal slag-based ceramsite is governed by both geometric configura-

tion and thermodynamic mechanisms, with compressive strength inversely proportional to fractal dimension.

Key words: coal gasification slag; non-sintered ceramsite; pore structure; cylinder compressive strength; fractal dimension
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Fig.1 Preparation protocol of CGS based non-sintered ceramsite
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Effect of alkali activator content and metakaolin content on cyclic compressive strength and bulk density of CGS based

non-sintered ceramsite
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Fig.7 Pore size distribution and cumulative pore volume of CGS based non-sintered ceramsite
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Table1 Pore volume and cyclic compressive strength values of different CGS based non-sintered ceramsite variants

AR/ (mL - g )

FERS  HOBMER/% CTABHIE/% & /MPa wE . fLBRR/%
(kg - m™) <10nm 10~100nm 100~1000nm > 1000 nm
Co 0 0 25.72 1121 2133 0.005 0.032 0.013 0.073
Cl 1 0.1 23.28 1014 42.03 0.024 0.066 0.004 0.232
2 1 03 14.23 984 39.91 0.004 0.119 0.010 0.144
c3 1 0.5 8.86 816 50.60 0.003 0.167 0.038 0251
c4 3 0.1 11.31 915 36.09 0.004 0.138 0.012 0.090
cs 3 03 7.57 808 41.78 0.122 0.118 0.058 0.137
c6 3 0.5 7.83 834 4595 0.010 0.122 0.049 0.183

H,O, fll CTAB WIS IRESE T febeFhr ity FLIR S,
L[] Bsf A, £ 5% ) B R 11 i 1 e R R HE R BE,
8 fitn. Herh, C1 AR SRS B fmi, o4 23.28 MPa,
M C5 ALY ] e s B de A%, A0 7.57 MPa. SR, ML

LB R R EF, CLH C5H B FLBR R 7 5 K
42.03% F1 41.78%, —FH M ZEAK, (AH R EEAA W
EER . X—IG R, SUHFLER R B kLAY
S T RE NS 21, FLBRITEZS | 20 A RRAE S X 44
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Fig.10 Fitting curves of the fractal dimension and cyclic compressive strength of Menger sponge model and thermodynamics model
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