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Fig.1 Electrical double layer model of ultrafine tailings
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Fig. 2 Schematic diagram of development process of flocculation structure of tailings
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Table 1 Shear stress and fitting relation at any time and at different shear rates

Shear rate/s '

Bingham fitting parameter

Shear Correlati Yield stress/ Plasti
time/s 5 4 ! orrelation ield stress astic
0 0 60 80 00 coefficient, R’ Pa viscosity/(Pa-s)
0 140.79 195.73 244.65 303.35 321.43 0.972 100.52 4.82
100 80.78 120.67 168.11 215.53 250.87 0.975 36.68 2.78
200 68.24 102.08 156.32 203.70 234.57 0.954 22.65 2.24
300 63.99 94.07 151.28 198.68 231.05 0.966 16.19 2.11
400 61.22 90.57 148.51 194.46 229.06 0.954 12.18 2.05
500 60.14 89.31 146.51 191.68 227.05 0.987 11.99 1.99
600 59.54 88.82 146.31 189.67 226.51 0.968 11.36 1.96
700 59.13 87.56 145.54 188.42 225.71 0.958 11.06 1.95
800 59.12 86.29 145.12 186.34 225.35 0.984 10.69 1.94
900 59.03 85.03 145.05 185.89 225.14 0.991 10.10 1.91
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Fig. 7 Variation of Bingham rheological parameters with time: (a) Bingham yield stress; (b) Bingham plastic viscosity
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Fig. 8 Fitting curves of proposed model on rheological data of slurry with different proportions: (a) Slurry concentration of
72%, cement content of 240 kg/m3; (b) Slurry concentration of 74%, cement content of 240 kg/m3; (c) Slurry concentration of
76%, cement content of 240 kg/m’; (d) Slurry concentration of 72%, cement content of 260 kg/m’; (e) Slurry concentration of
74%, cement content of 260 kg/m’; (f) Slurry concentration of 76%, cement content of 260 kg/m’
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Table 2 Solution parameters of different proportions of slurry under different shear rates
Cement Mass Parameter of proposed model Correlation
. Shear Mean .
content/  concentration rate/s”! of Ao coefficient,
(kgm?)  of slurry/% % 7 L Lo A all0® b0 R’
20 12229  19.58 1.69 0.61 0.747 294 1.05 0.987
40 127.14  22.15 1.72 059 0774  3.61 2.14 0.995
240 72 0.812
80 136.25 26.37 1.85 0.69 0.814 455 3.84 0.956
100 14254 2933 1.92 0.77 0912  7.26 4.17 0.955
20 14479 3222 225 097 0832 8.9 6.04 0.968
40 149.32 3533 237 1.11 0.815  7.29 5.04 0.956
240 74 0.775
80 152.14 39.12 285 132 0.795  8.01 6.46 0.954
100 15621 41.23 2091 1.46  0.658  5.71 6.33 0.956
20 159.44 4926  3.12 1.95  0.711 6.37 4.84 0.984
40 167.11 49.65  3.81 1.98  0.714  3.55 6.74 0.981
240 76 0.747
80 169.25 52.12  3.86 235  0.689 499 3.14 0.965
100 179.87 55.13  4.21 239 0874 8.14 3.04 0.966
20 179.99 56.56  4.36 241 0712  7.22 7.84 0.955
40 183.12 5839  4.59 246 0895 9.22° 9.74 0.965
260 72 0.723
80 186.24 6299  4.61 247  0.687 639 5.45 0.997
100 189.22 70.02  4.63 250 0599  5.95 6.35 0.985
20 199.65 7236  5.12 2.68  0.666  6.54 8.39 0.968
40 202.13  74.64  5.18 269 0745 819 6.04 0.995
260 74 0.735
80 206.24 80.99  5.28 272 0.789  6.66 7.04 0.994
100 210.19 90.21 5.36 273 0.741 492 8.12 0.965
20 211.36 9932  6.16 276 0753 7.51 5.64 0.985
40 213.25 100.08 6.15 277  0.854  8.39 4.04 0.978
260 76 0.829
80 21635 11023  6.24 2779  0.865  5.17 6.43 0.987
100 220.01 11236 7.11 312 0.844  9.01 5.55 0.996
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Fig. 9 Flow chart for solving rheological parameters based

on proposed rheological model
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Bivariate rheological model of ultrafine tailings backfill slurry
based on structural parameter and its applications

FU Zi-guo"*? LI Hua"*®, DENG Jian-hui"*”, QIAO Deng-pan*, WANG Jia-xin®

(1. College of Water Resources and Hydropower, Sichuan University, Chengdu 610065, China;
2. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University,
Chengdu 610065, China;

3. Key Laboratory of Deep Earth Science and Engineering, Ministry of China, Sichuan University,
Chengdu 610065, China;

4. Faculty of Land Resource Engineering, Kunming University of Science and Technology,
Kunming 650093, China)

Abstract: Ultrafine tailings have become the largest solid waste in metal mine filling treatment. The rheological
model provides a theoretical foundation for capturing its flow characteristics and determining the pipeline
transportation parameters. To describe the shear response process of ultrafine tailings slurry, firstly, the concept of
the structural parameter in this paper was introduced based on the formation mechanism of ultrafine particle
flocculation structure. Then, a rotary viscometer was used to conduct 24 groups of rheological tests on the ultrafine
tailings slurry with mass fractions of 72%, 74% and 76% and cement contents of 240 and 260 kg/m*under different
shear strengths. The results show that under constant shear strength, the shear stress of the slurry gradually
decreases with the increase of shear time, and ultimately tends to be stable; under any shear time, the shear stress
and shear rate (>20 s ') approximately satisfy the Bingham model, and the Bingham regression parameters are
obviously time-varying. The reason for these macroscopic laws can be attributed to the change of the slurry
structural parameters. According to these evidences, a bivariate rheological model of the ultrafine tailings slurry
with respect to shear strength and shear time was proposed, in which seven parameters have certain physical
meanings. The proposed model was verified by the experimental data, and the rheological parameters of the
ultrafine tailings slurry with the given mix are obtained by the best fitting. The maximum yield stress and
maximum plastic viscosity range from 120 Pa to 220 Pa and from 1.7 Pa‘s to 7.2 Pa-s, respectively, which can
provide a reference for the calculation of the starting pressure; the range of the limit yield stress and plastic
viscosity are from 20 Pa to 120 Pa and from 0.5 Pa‘s to 3.2 Pa-s, respectively, which can give a reference for the
calculation of the steady-state flow resistance of the slurry. Lastly, the applicable conditions and methods of the
proposed rheological model are discussed, and also compared with the existing rheological model. The research
results can provide theoretical and experimental basis for mine filling design.

Key words: filling slurry; ultrafine tailings; flocculation structure; thixotropy; rheological parameter; rheological

model
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