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Pipeline transportation properties of high viscosity sulfur-content
filling slurry in three-phase flow
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(Key Laboratory of Mineral Resources Exploitation and Hazard Control for Deep Metal Mines,
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Abstract: In order to improve transportability of its high sulphur content crude tailings with such bad features as high
viscosity and easily caking, foaming agent was used in cemented crude tailings backfill test in Xinqiao Pyrite Mine.
Influences of cement-tailings-ratio, mass fraction of slurry and bubble rate of foaming agent on rheological properties of
backfill slurry were studied, and correspondence of rheological properties of backfill slurry to slurry velocity and pressure
within the transporting pipe was simulated based on Fluent software. The results show that dewatering proportion,
viscosity and friction loss of backfill slurry with cement-tailings ratio of 1:6 and mass fraction of 72% can be reduced by
29%, 17% and 25%, respectively, if foaming agent with bubble rate of 20% is added. Therefore, pipeline transportability
of high sulphur content crude tailings backfill slurry can be greatly improved, and its pipeline transporting efficiency can
be obviously raised by addition of gas phase material owing to the reduction of the viscosity and shear stresses.
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Fig. 1 Schematic diagrams of mechanism of three-phase

foam: (a) Foaming agent; (b) Bubble; (c) Adsorption of
carboxyl; (d) Three-phase filling
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Table 1 Particle size distribution of total tailings in Xingiao

Diameter/mm Content/%
2-0.5 1.4
0.5-0.25 6.9
0.25-0.075 18.4
0.075-0.05 8.3
0.05-0.005 62.0
<0.005 3.0
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Table 2 Chemical composition of total tailing in Xinqiao

Composition Mass fraction/%

Cu 0.23

Pb 0.036

Zn 0.064

S 8.50

Si0, 14.28
MgO 4.62

Fe 32.86
Al,O4 2.06
CaO 10.19

B2 SRy
Fig. 2 Photo of sulfur-content total tailings
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Table 3 Compressive strength of three-phase filling with

different composition

Cement-sand ~ Mass  Bubble Strength/MPa
ratio fraction/% rate/% 7d 28d
1:4 75 0 0.75 1.65
1:4 75 10 0.72 1.64
1:4 75 20 0.68 1.57
1:4 75 30 0.49 1.44
1:4 70 10 0.72 1.62
1:4 65 10 0.55 1.51
1:6 70 20 0.70 1.60
1:8 70 20 0.66 1.56
1:10 75 10 0.58 1.55
1:12 75 10 0.42 1.38
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Fig. 3 Influence of bubble rate on rheological properties of

slurry at different shearing rates: (a) Shear stress; (b) Viscosity
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Fig. 4 Influence of mass fraction and cement-sand ratio on

rheological properties: (a) Shear stress; (b) Viscosity

Table 4 Comparison of rheological parameter between three-phase filling slurry and ordinary filling slurry

Sample Bubble Densgy/ Bleeding Strength/MPa Consistence/ ~ Slump/  Viscosity/
rate/% (tm™) rate/% 7d 28d cm cm (Pas)
Ordinary filling slurry 0 1.86 6.16 0.75 1.66 10.5 23.2 2.87
Three-phase filling slurry 20 1.40 4.37 0.70 1.60 12.6 27.2 2.16
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Table 5 Results of Fluent numerical simulation
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Fig. 5 SEM images of filling slurry of different flows:
(a) Two-phase flow; (b) Three-phase flow
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Sample Bubble  Flow velocity/ ~ Duct pressure/ Export velocity/ Export Friction loss/
P rate/% (ms ™) kPa (ms ™) pressure/MPa MPa
Ordinary filling slurry 0 2.36-3.54 0.73-3.60 1.05 -3.15 4.58
Three-phase filling slurry 20 2.99-4.27 0.97-3.84 1.28 -2.71 3.42
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Fig. 6 Duct velocity profile of three-phase filling slurry
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