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Influence law of compound admixture on the mechanical properties of

filling slurry before and after curing

LI Hao'?, WANG Hongjiang "
(1. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Key Laboratory of High-Efficient Mining and Safety of Metal Mines, Ministry of Education, Beijing 100083, China)

Abstract: In order to improve the performance of coal mine filling slurry before and after solidification, sodium
sulfate and polycarboxylic acid water reducing agent were used to prepare a composite admixture, and the effect on
the working performance and mechanical properties of the filling slurry before and after solidification was explored
through indoor macroscopic experiments. Its influence mechanism was analyzed in combination with indoor
microscopic experiments. Experiments show that the cement consumption of 0.5wt% sodium sulfate and 0.2wt%
polycarboxylic acid water-reducing agent mixed filling slurry can be reduced by 2%, the slump can be increased by
4.1 cm, the initial and final setting time can be shortened by 20 min, and the water reduction rate can be increased
by 7.7%, the 3rd day and 28th day uniaxial compressive strength can increase up to 22% and 42%. The analysis
shows that the early strength mechanism of sodium sulfate, the electrostatic repulsion and steric hindrance of
polycarboxylic acid water-reducing agent, and the mutual promotion of the two are the main reasons that affect the
working performance of the filling slurry before curing. The needle-like product ettringite and the white fibrous sub-
stance calcium silicate hydrate are the main substances that affect the mechanical properties of the filling paste
after solidification, and the formation of the two improves the uniaxial compressive strength of the filling paste.

Keywords: filling slurry; compound admixture; ettringite; hydrated calcium silicate; influence mechanism
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R, BB R FE B TF R BORAE S 0 TF R R
TERER FF RN R 28 IR B g e T 1 2,
73 B K (Cemented paste backfill, CPB) J& Hi i
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(Polycarboxylate superplasticizer, PCS). Babak %%
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Table1 Chemical composition of filling aggregate (wt%)

Material SiO, Al,O4 Fe,03 CaO MgO K,0 Others
Cement 21.38 4.23 3.58 66.49 2.50 1.07 0.74
Fly ash 53.94 30.91 2.38 6.53 0.92 1.02 4.29
Coal gangue 59.10 18.90 4.30 2.36 1.41 1.89 12.03
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Fig.1 Slump test results of filling slurry mixed with different

concentrations of Na,SO, and polycarboxylate superplasticizer (PCS)
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Fig.2 Testresults of setting time of filling slurry

under compound admixture
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Table 2 Test results of water reduction rate of filling slurry
Coal Water Water reduction
N k

Group Cement/kg Flyash/kg gangue/kg PCS/kg a,50,/kg consumption/kg Slump/mm rate/%

G-0 0 0 3.09 22 0

G-S 4 5 0 0.005 3.09 22 0

G-PCS 0.002 0 291 22 5.0

G-PCS-S 0.002 0.005 2.85 22 7.7

Notes: G-0—No adding Na,SO, and PCS; G-PCS—Adding only PCS; G-S—Adding only Na,SO,; G-PCS-S—Adding PCS and Na,SO, at the

same time.

YER, Pk =58 0. 7F 5148 PCS Y G-PCS
Hrp, WKRILF 5%, X IET PCS A B [k K AE
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2.4.1 PCS 9 K MLl
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900.5 cm™ Fil 850.2 cm™ & fiffi iR 3 (—S0,) i 45 4k
Bhlg; AL 684.2cm™ Ab Rk (—CH,—O0—CH,—)
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¥, WE 4 FrR, BIRRANIFIA AR .

PCS " 1) H BE A1 23 3 i 7 e 7 4/ FH Y Rz
(] 47 BEL A Y ke 5 e FL 08K AL, an il 5 BT o
i HL e 7 AR 2 KR i B B - (i —C00T
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Fig.3 FTIR spectra of PCS before and after mixed Na,SO,
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Fig.4 Schematic diagram of water reducer PCS chemical structure (a) and structure model (b)
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Fig.5 Water-reducing mechanism model of water-reducing agent PCS
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Fig. 6 Hydration model of cement
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Fig. 7 Testresults of cement adsorption capacity of

composite admixtures
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Fig.9 SEM images of CPB at the 3rd day: (a) Control; (b) 0.5wt%Na,SO,+0.2wt%PCS
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Fig. 10 EDS spectra of CPB
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Fig. 11 SEM images of CPB at the 28th day: (a) Control; (b) 0.5Wwt%Na,SO,+0.2wt%PCS
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Fig. 12 XRD patterns of CPB
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