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Performance of a low-shrinkage and strength-enhancing
mineral concrete accelerator prepared from coal gangue
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Abstract: To address the problems of late-stage strength regression and high drying shrinkage associated with
traditional cement accelerators, this study utilized coal gangue as a raw material to prepare a chlorine-free and

low-alkali mineral setting accelerator via calcination and acid leaching. The preparation process parameters,
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acceleration mechanism, and the influence on the properties of cement-based materials were investigated. The
results indicate that the prepared mineral setting accelerator primarily consists of aluminum sulfate and
amorphous SiO: particles. When replacing cement at a mass ratio of 10%, the initial and final setting times of
the cement paste were shortened by 42.1% and 37.4%, respectively, and the 28-day compressive strength
increased by 16.7% compared to the control group. Moreover, no regression in later-age strength was observed
within the 30% incorporation range. When the mineral setting accelerator dosage was 10%-30%, the drying
shrinkage rate of the cement mortar ranged from 0.075% to 0.080% , which is close to the 0.074% of the blank
group, indicating ideal volume stability. XRD and SEM analyses reveal a synergistic effect between the silicon
and aluminum components in the mineral setting accelerator: aluminum ions induce the rapid formation of

ettringite, while the amorphous silica provides nucleation sites and a high pozzolanic effect, thereby achieving

cement acceleration, strengthening, and drying shrinkage resistance.

Keywords: coal gangue; accelerator; process parameters; acceleration mechanism; drying shrinkage
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Fig.1 Schematic diagram of the experimental procedure for preparing mineral settingaccelerator from coal gangue.

1.3 RBEFIKRELREGRETHER HF MR
B 8 iR 36

KU e S i 2% B 5 5 i 1) 3 2 2 OK e b
M K R 25 i) ] 5 2 PR 38 O 1) (GB/T
1346—2024) T B e 1 A8 BRIEAT o 36 ok i 2 1
FARAR BEF 4> B L 0% . 10% . 20% .30 % 1 H fi] 25

Jo e AR 3 A R R K e BB B K R HK v, I [ e K
JRIEA 0.5, T8 3K T H 5 B I 2k 78 vh g 5 g
FE B K Ve A RS A 20 mm X 20 mm X 20 mm
() 75 B R A i 48 AR A 58 S 7 o IR B
R T &R R SR L d S PR, A K e AR fE 3R
PR IR R 1.3.7.28 d IR T e 5 B 4t



4 AR5 xR F RO E L

% XX A

R2 BREMARZEFERIBEHY
Table 2 Details of single-factor acid leaching

experimental of calcined coal gangue
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Fig.2 Effect of different acid leaching conditions on the pH value of coal gangue-based mineral setting accelerator
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Fig. 3 Mineral setting accelerator prepared from coal

gangue
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setting time of cement paste
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at different ages

45 ), 1 34 S 56 45 S b v B 1R 12 Ah B AT AL
fiff P R 4B BB BE 04 £ R T K U8 3 A R O
T I 174 580 T o [

55 4l 7K e 45 1% 11 K AR 7 W 0 A AR L (1R 6
(a)), B 02 %8 770 7K U AH B i 3 7K 1k 7= 4 (& 6
(b)) Ca(OH), i) XRD £ 5 05 B 8 9 55 . 3% 3= %2
ST AR BE ) ey e I S10, B A Rkl R
TP 5B 5 K e K Ak ™ A= ) Ca(OH), & £ koK Ak
JLR, Rk A L C-S-H B o 33X — B 7E 7K Je 7K 4k
28 d LG T 647 o [, i 70 9 4 6 50 O
B S0, KL A0 42 85 /0N | AT 3 58 7K Y WU (] Kz 7K Ak
77 ) T BN FL B B IR FL B R 0 A AR L AR L f b
KU A IO 25 44, 38 s BORE [R1 25 6 ) o X R AR
PRUE T 85 9 02 8 5700 K U A 0 0 300 K e . (HL
> T ) 2% 1 42 4 790 IBCAG 7K 8 Y o i LR 3 2006 B



% XX A

(c) 0% e BEFIbR I 28 d

(d) 102 fEEEF b 77 28 d

B7 ¥R KREKEFIRREFENZE (SEM)

Fig.7 Effect of mineral setting accelerator on the microstructure of cement hydration products (SEM)
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Fig.8 Effect of mineral setting accelerator dosage on the

fluidity of the cement paste
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Table 3 Rheological parameters obtained by fitting flow-

sweep test data to the Bingham model

Bw/% Jitt IR 1 1/ Pa LA R?
0 200.10-+9. 57 y=200.09+1. 11z 0.97
10 270.234+11.15  y=270.22+1. 3% 0.98
20 438.13+20.22  y=438.11+1.72x 0.95
30 537.03+32.78  y=537.03+2. 24z 0.93
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Fig.10 Effect ofmineral setting accelerator dosage on the

compressive strength of cement paste at different ages
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Fig.11 Influence of mineral setting accelerator content on

the drying shrinkage of cement mortar
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Table 4 Fitting parameters of the drying shrinkage model
for cement mortar with different mineral setting

accelerator dosages

B/ % a b ¢ R*
0 0.077 2.489 253.295 0.994
10 0.074 3.220 827.795 0.999
20 0.076 3.465 983. 567 0.997
30 0.079 4.155 9014. 859 0.996
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Fig.12 Stress-strain curves of cement paste with different
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