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Fig.1 Flow chart of filling process
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Fig.2 Particle size distribution curves of tailings and

cement
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Fig. 3 Results of slump test
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Fig. 4 Slump increase diagram under the effect

of water—reducing agent of cement—sand ratio 1:8
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Table 2 Test scheme of transportation simulation

Rk ok ek

/(Pa-s) /(kg-m™)
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3 72 0.6 0.52 1803
4 74 0.6 0.78 1851
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Fig. 8 Cloud diagrams of outlet flow velocity distribution under different parameter conditions
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Fig. 9 Contour diagrams of pressure distribution in bent pipes under different parameter conditions
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with different amount of water—reducing agent added
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Table 3 Calculation results of unit consumption of filling

slurry
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Table 4 Technical and economic comparison of two schemes
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Abstract: In order to enhance mineral recovery rates, the grinding fineness within the concentrator is
progressively reduced, resulting in an increased production of ultrafine tailings, a phenomenon that has become
prevalent. Nevertheless, high-concentration slurries of ultrafine tailings encounter challenges such as elevated
viscosity, inadequate fluidity, and low critical concentration. The application of water-reducing agents can
ameliorate slurry flow conditions, effectively diminishing the flow resistance of backfill slurry and facilitating
pipeline transportation. This study, through particle size analysis of backfill materials and slump testing,
confirmed that the tailings are classified as ultrafine. The optimal transportation concentration for backfill slurry
was identified to be between 72% and 74%. When a water-reducing agent is incorporated at an ash-to-sand ratio
of 1: 8, with an optimal dosage of 0.6%, it substantially improves the fluidity of the backfill slurry under
economically favorable conditions. Experimental investigations into pipeline transportation using L-shaped
pipelines demonstrated that the incorporation of a 0.6% water-reducing agent significantly decreased the yield
stress and viscosity coefficient of a slurry with a 74% concentration , compared to the untreated control group.
This reduction led to a decrease in transportation resistance by approximately 34.9%, thereby achieving the
objective of increasing slurry concentration while maintaining its transportability. Numerical simulations
corroborated these findings, indicating that, under gravity-driven self-flow conditions, the absence of water-
reducing agents results in reduced and uneven flow velocities within the pipeline. Conversely, the addition of the
agent enhanced the flow velocity of the 74% concentration slurry by approximately 54%, effectively mitigating
stratification and diminishing the risk of pipeline blockage. Zeta potential analysis further elucidated the
mechanisms of electrostatic repulsion and steric hindrance imparted by the water-reducing agent, which aligns
with the previously established optimal dosage of 0.6%. The findings indicate that the incorporation of the agent

results in a synergistic effect, enhancing the concentration of backfill slurry while simultaneously reducing
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transportation resistance. Overall, this method facilitates the annual utilization of approximately 135 000 tons of
tailings, thereby significantly mitigating the pressure on tailings ponds. The optimized process involving the
water-reducing agent leads to an annual cost reduction of approximately 2.45 million yuan when compared to
the alternative of installing new diaphragm pumps. Engineering applications demonstrate that this optimized
process enables the pumping of backfill slurry over a distance of 6.2 km in underground voids under identical
pumping conditions, maintaining an outlet slurry flow velocity of 1.3 m/s, and minimizing the risks of
stratification and blockage. These findings offer valuable insights into enhancing tailings utilization and
regulating the transportation of high-concentration ultrafine tailings slurry.

Key words: paste filling; water-reducing; rheological properties; pipeline transportation; ultra-fine tailings;

filling slurry
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