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Abstract : [Objective] In this study, to promote the resource utilization of industrial solid waste, we have developed a steel slag-
cement composite plugging material,and have explored its mechanical properties and hydration mechanism by optimizing the ratio.
[ Method] The orthogonal experiment of four factors and three levels was used to investigate the influence of different influencing
factors on the performance of plugging materials. The optimal ratio was determined through the range analysis. Then, the compressive

strength of optimized proportioned paste was compared with pure cement paste,and its hydration products and microstructure were
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analyzed using X-ray diffraction, Fourier transform infrared spectroscopy, and scanning electron microscopy. [ Results] The test
results show that the slurry performance is controlled by many factors. Increasing the water-cement ratio would prolong the
pumpable period and setting time,and increase the bleeding rate, but reduce the viscosity. The water reducing agent can effectively
improve the fluidity of the slurry and prolong the pumpable period. Also,the accelerator is the second key factor to control the setting
time. Appropriate amount of steel slag exerts a synergistic optimization effect on various properties,showing the potential to replace
part of cement. The optimal ratio obtained by optimization includes the water-cement ratio 0. 5, the dosage of accelerator 1. 5%, the
dosage of water reducer 1. 5% ,and the dosage of steel slag 16%. The composite plugging material prepared by this ratio has excellent
comprehensive performance,and its 28 d compressive strength reaches 29. 78 MPa,which is 10. 6% higher than that of pure cement
slurry. Microstructure analysis shows that the synergistic effect of additives accelerates the hydration process of the material, and a
large amount of hydration products have been formed by 3 d. As the curing age increases, the structure gradually becomes denser.
After 3 to 28 d of curing, the porosity of the material decreases from 41. 7% to 34. 6% . demonstrating satisfactory compactness.
[ Conclusion] In this study,a new technical approach for the resource utilization of steel slag in plugging engineering is provided.
Furthermore, those developed environmentally friendly materials secure satisfactory engineering application prospects.
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Tab.1 Main chemical composition content of materials %
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Tab. 2 Factor levels of orthogonal experiment
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Fig. 1 Flow chart of experiment
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Tab. 3 Results of orthogonal experiment

415 A B/%  C/%  D/%  AEM/min FIEERE]/min BRI /min WOKER/ Y B/ (mPa s
1 0.4 1.2 1.2 0 7 226 314 0.25 5324
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9 0.6 1.8 1.5 0 117 496 584 0.48 1411
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Tab. 4 Range analysis of orthogonal test results
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Fig. 5 Variation of pore characteristics
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