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Mechanical and transportation characteristics of gangue
geopolymer aggregate slurry

ZHU Shibin, WANG Xiaodong, WU Bogiang, XU Chen, HU Xiaoyu, XU Ganggang,
HAN Le, ZHANG Yuehong
(Xi’an Research Institute of China Coal Technology & Engineering Group Corp,
Xi’an, Shaanxi 710077, China)

Abstract: Coal gangue-based geopolymer aggregate slurry is an emerging green material with excellent stability
and suitability for use as backfill in coal mine goafs. This approach not only addresses the remediation of coal
mining subsidence areas but also resolves large-scale coal-based solid waste disposal. To investigate the transport
properties of the slurry and the mechanical performance of its cured form, this study prepared coal gangue-based
geopolymer aggregate slurry using alkali-activated calcined coal gangue as the cementitious material and crushed

coal gangue as the aggregate. By controlling aggregate particle size and content, uniaxial compressive strength
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tests, low-field nuclear magnetic resonance (LF-NMR), and scanning electron microscopy (SEM) were employed
to analyze the mechanical properties, pore distribution, and microstructure of the cured slurry. Additionally,
rheological tests and slump flow tests were conducted to evaluate the transport characteristics of the slurry. The
experimental results demonstrate that at a constant binder-to-aggregate ratio, the compressive strength of the cured
material increases with larger aggregate particle sizes. Aggregates sized 20 mm, 10 mm, and 5 mm formed robust
load-bearing skeletons while maintaining sufficient hydration reactions, leading to significantly higher strength
compared to finer aggregates (0.15 mm and 0.075 mm). For materials with identical aggregate sizes, the strength
development initially decreases before increasing with higher aggregate content, due to the combined effects of
internal pore structure evolution and improved mechanical interlocking between the cementitious matrix and
aggregates. The slurry’s flowability exhibits an inverse correlation with rheological parameters. Increasing the
aggregate content reduces the slump flow while elevating the yield stress, plastic viscosity, and thixotropy,
consequently raising pumping energy consumption, decreasing transport efficiency, and increasing pipeline
clogging risks, thereby adversely affecting pipeline conveyance performance. The findings of this study provide
theoretical support for engineering applications of gangue-based geopolymer aggregate slurry.

Keywords: coal gangue; geopolymer; aggregate slurry; mechanical properties; transportation characteristics
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Fig. 8 Relationship between shear stress and cement-to-aggregate ratio

B 1/3 F10.15, 5, 10 mm (1) 1/4) B, 5% B0 B 5
) b AR P, 26 Bk B9 D) R 7 Ke & UL B il 5 V1) R 11
R AR T P A2, (LA A i J i, L i 8 47 Ay o e i b Uk
JINTIT B 5 o 3K — B0 52 5 AT A B Ak 1 5 B R 2 A
HORE G R, e i B R, WROK PR BRSPS F R
FEBEZ 4T o
3.3.2  EORBRLAR X R AR S EU R )

HORPRLAR 2R R R AR R RN E . W
& 10 AT UL, 0.075 mm B BF R W AEAS R B LT 3R
R SR R BT YT 77, 33X 5 AR L 3R BRI TR K
HREUAR A BKBEADA S, MIILZT, 5 mm B
DXl 5 ¢ 5 bR 25 G e, L BT I T 5 T 10, 20 mm
R . BEE T FE N 172 B 2= 1/4, 8RR 3K TN
TS B R R, Hod 0.15 mm BRI 0 BT ) 8 S
bR, FEICE B 13 R S mm E BRI . (ER
TER YA, 10, 20 mm BB B B AT )8, 30 4% ih 2%
AL ; #3002 20 mm BOBHERCE L6 1/4 1), i T B oRHIT
PR BG4, A8 2 s BB R 5 AR

333 B H S ERPRLAR X R RN g B g
Al

et JIR IV 7 2 2 N 5L PR A e A Sy 9 O B BT
T WG B DR g, S R R e T AR R AR
TE MR, JE I 9 SR B I s i) — R bR RE . i AR
VR 2 R A U AR AR R 2 M0 S
B B EE KR BRI AR X T 3R A T A R
JIR IO g R ER A R B s e, UL 11, R AT, B
JRE 1 L6 BB/, i 3R R AR 2R %) S P 2R R e I
BRI K, X — I 5 AR B RS = 30y A
7K 8/ LA OC . R EE 1/0.5 F0 1/1 B, B RbRE
FA T S5 Y et FIR T 3 R 8 1 8 B )5 i 35 S B g I s
e BEAL B SRR G450 . BEE BEE Hesm, B e
128 ) 52 V) % 347 S B0, R AR A /0N, R JeE R 7 A 9
PERR BB, X S R O AN R R R
T AR R 7K S, [R] B 20 B R 7 b 2 AR i A
N7, TE R S A5 AE, DT S 3 4 o I % e IR B A A
AR



2025 4

AR, 45 BT 47 M0 50 2R & W B R 2 55 R R v o0 - 69 -

246 |
1.64 |
0.82 |

— 105

481
32r
1.6

— i

180
120 r
60

i/ (Pass)

— i12

1170
780
390

JeE 13

12300
8200
4100 -

— Riyt1/4

-5

0 5 10 15 20 25 30 35 40 45 50 55 60
DY) /s 7!
(a) FHRRIA20.075 mm

65

150 1
100
50

— RiF12

390 ¢
260
130

— B3

480
320 ¢

Fh1E/ (Pas)

— R4

13 500
9000
4500

— s

36 000
24 000
12 000

— Jirt1/e

0 5 10 15 20 25 30 35 40 45 50 55 60
DIYIHR s
(¢) BHPRIAES mm

65

0421 — KEI10S
0.28

0.14 |
O L 1 1 1
066 — RN
044 |
022}
O.
»r — B2
66}
33}
0.
840}
5601
280}
O.
6600}
4400}
2200}
ot
~5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
B R /s
(b) HRPRIA£0.15 mm

i

|

i/ (Pass)

e

— 13

— Kirt/4

13.2¢ — Riyt12
8.8

44f

69r — BELA
46}

23F

117F — /4
78+
39+
O.
360t
240t
120t
0.
3300F
2200
1100}
op re—m
=5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
B R /s
(d) HRPRIAE10 mm

ZiE/ (Pass)

CFT T

— BHE s

=
b

— irt1/e

B9 BHEBRHEMKELENXR
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