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Study on rheological properties of paste filling materials
and their influence on pipeline transportation stability
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Abstract

To address the issues of pipeline blockage and excessive resistance loss frequently encountered during the pipeline transportation
of paste backfill in metal mines, this study focuses on solid wastes such as full tailings-waste rock and titanium-extracted slag as
the primary research subjects. Through a combination of experimental testing and numerical simulation, the rheological properties
of paste backfill materials and their influence mechanisms on pipeline transportation stability were systematically investigated. The
research employed equipment such as a rheometer and mini-slump cone to measure the yield stress and plastic viscosity of paste
under varying tailings-waste rock mass ratios (tailings-to-waste ratio), solid mass fractions, and additive dosages. A rheological
parameter prediction model considering time-temperature effects was established using Broussonetia papyrifera. Based on loop-
pipe experiments and COMSOL numerical simulations, the variation patterns of pipeline transportation resistance with tailings-to-
waste ratio and initial flow velocity were analyzed, leading to the proposal of optimal transportation parameters. The results indicate
that the yield stress and plastic viscosity of paste exhibit a linear increasing trend with higher solid mass fractions and tailings-to-
waste ratios, with resistance loss reaching its minimum at a tailings-to-waste ratio of 5:5. When the initial flow velocity is 2.2 m-s™,
particle movement stability within the pipeline is optimal, effectively mitigating the risk of blockage. The findings provide theoretical
foundations and technical support for the optimized design of paste backfill pipeline transportation systems in metal mines.
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