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Study on Rheological Parameters and Transportation Characteristics of Unclassified Tailings Slurry in Daye Iron Mine
ZHANG Zenggui', LI Jinxiang®, TAN Yuye?®, ZHANG Yong', CHEN Diyun', SONG Weidong®*
(1.Daye Iron Mine of Wuhan Iron and Steel Group Mining Co., Ltd., Huangshi, Hubei 435006, China;
2.School of Civil and Resources Engineering, University of Science and Technology Beijing. Beijing 100083, China;
3.State Key Laboratory of High-Efficient Mining and Safety of Metal Mines of Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Pipeline transportation is a crucial component of mine filling systems, and the rheological parameters of the filling
slurry are essential for pipeline transport design. Taking the unclassified tailings filling slurry of Daye Iron Mine as the research
object, the rheological parameters and pipeline transportation characteristics were studied by rheological test and Fluent
numerical simulation. The results indicate that when the slurry mass concentration is between 60% and 70%, the fitted
relationship curve between shear stress and shear rate conforms to the change rule of Herschel-Bulkley (H-B) model. With the
increase of slurry mass concentration, the yield stress and viscosity coefficient increase exponentially, and the viscosity
coefficient increases significantly when the slurry mass concentration reaches 70%. When the mass concentration is 60 %—-65% ,
the slurry flow is unstable and the pressure distribution in the pipeline is uneven. When the mass concentration is between 68 %
and 70% , the slurry flow state is relatively stable, and the pressure is symmetrically distributed along the pipe diameter. The
resistance loss of the pipeline is positively correlated with the slurry mass concentration and the slurry flow rate. When the
slurry mass concentration reaches 68% , the resistance loss begins to increase significantly. It is suggested that the mass
concentration of filling slurry in Daye Iron Mine should be controlled between 65% and 68%. Considering that the maximum
flow velocity of slurry appears at the bottom of vertical elbow (inflection point D), where wear-resistant materials should be used. The
research results can provide a theoretical basis for the design of pipeline transportation parameters of mine filling system.
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Table 1 Main chemical composition of

unclassified tailings %

CaO Na;O  Co203 SiO; TiO, ZnO Fe, O3

30.22 1.037 0.040 29.98 0.525 0.028 13.91

P: 05 Cr20; MgO SrO Rb:O AL O; MnO

0.432 0.014 10.35 0.189 0.013 8.54 0.142

NiO SO3 Cl K.0O CuO

0.008 2.25 0.095 2.15 0.077
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Table 2 Physical properties of unclassified tailings

H P LK

P L, AL R/ A/ L K TR/
wr ki , % .
fie/ i/ FE (g/em®)  (t/m®) %/ (em?/em?®)
pm  pm %
46.09 45.13 14.53 3.2 1.47 57 6 400
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Table 3 Particle size composition of unclassified tailings

HRiAe / pm St E /% 2itE /%
<25 34.48 34.48
25~45 14.92 49.40
45~75 13.96 63.36
75~100 8.96 72.32

100~150 11.99 84.31

150~200 7.85 92.16
>200 7.84 100.00
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Fig.1 Particle size distribution of unclassified tailings
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Table 4 Shear stress at different shear rates Pa
B4 i %/ RS TT Ee E
s 60% 63% 65% 68% 70%
10 1.31 3.07 5.20 23.75 64.38
20 1.39 3.14 6.02 25.61 67.61
30 1.61 3.48 7.12 27.38 70.91
40 2.05 3.74 8.61 28.72 73.79
50 2.77 4.80 9.10 30.26 76.16
60 3.86 5.53 10.55 32.08 79.08
70 5.32 7.61 10.46 32.76 81.63
80 7.40 9.12 12.16 35.45 83.77
90 10.17 12.63 14.71 37.49 87.98
100 13.20 15.02 18.13 39.03 89.12
110 17.12 19.66 23.74 41.17 92.10
120 21.60 24.10 26.92 43.24 97.26
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Fig.2 Relationship curves between shear
stress and shear rate of slurry with

different mass concentration
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Fig.3 Fitting curves of slurry with different

mass concentrations
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Table 5 Fitting results of slurry with

different mass concentrations

[tk e e B i3l

wir/  Be o wh mm omw RE
% - o/ Pa n/(Pa < s) n

60 Bingham —4.10 0.17 — 0.858 4
H-B 1.30 1.07X10 3.02 0.999 8

""" 63 Bingham —251 018  — 08588
H-B 3.08 1.17X10~ 3.01 0.998 6

""" 65  Bingham  1.01 018  — 08733
H-B 6.59 1.39X10~ 2.97 0.982 6

""" 68  Bingham  21.78 0.7  — 09941
H-B 23.15 0.06 1.20 0.996 7

""" 70 Bingham  61.96  0.28  — 09936
H-B 62.10 0.27 1.01 0.994 2
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Fig.4 Fitting curve of yield stress and

slurry mass concentration
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Fig.5 Fitting curve of viscosity coefficient

and slurry mass concentration
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Table 6 Parameters setting of slurry with different

mass concentrations
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Table 7 Velocity distribution of slurry with

different mass concentrations in the pipeline

FRm B/ Y% ATHME/(m/s) IR/ (m/s) e KU A7 &

60 1.21 1.496 7 P D
63 1.21 1.496 4 B D
65 1.21 1.495 8 P D
68 1.21 1.581 1 B D
70 1.21 1.705 9 Piri D

JoT i W E/ HEE/ i/ Wi/ A B R/
% (kg/m?®) (Pa * s) (m®/h) (m/s)
60 1693 1.07X10°° 50 1.21
65 1.57
80 1.93

R T 1754 1.17x107° 50 L21
65 1.57
80 1.93

6 1797 1.39%10°° | 50 121
65 1.57
80 1.93

68 1865 0.06 s0 121
65 1.57
80 1.93

0 1914 0.27 50 L2l
65 1.57
80 1.93
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Fig.7 Distribution of dynamic pressure and static pressure of slurry with 60% mass concentration in the outlet
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Fig.8 Distribution of dynamic pressure and static pressure of slurry with 63% mass concentration in the outlet
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Fig.9 Distribution of dynamic pressure and static pressure of slurry with 65% mass concentration in the outlet
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Fig.10 Distribution of dynamic pressure and static pressure of slurry with 68% mass concentration in the outlet
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Fig.11 Distribution of dynamic pressure and static pressure of slurry with 70 % mass concentration in the outlet
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Inlet and outlet pressure of slurry with

*8 ARH
Table 8

different mass concentrations

ik ¥ 71 /kPa B IEH B 71 /kPa BIE S
W/ % AT Wi 2/kPa A o %/kPa
60 2.799  —50.565 53.364 1.239  1.241  —0.002
63 2.918 —52.716 55.634 1.284  1.286  —0.002
65 3.050  —55.099 58.149 1.315 1.317 —0.002
68  17.214 —307.208 324.422 1.364  1.388  —0.024
70 34.018 —587.493 621.511 1.397  1.486  —0.089
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Fig.12 Pressure difference between inlet and outlet

of slurry with different mass concentrations
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Table 9 Velocity distribution of slurry with

different flow rates in pipeline

i/ AL/ B R/ e KU

(m®/h) (m/s) (m/s) 7 8
50 1.21 1.581 D
65 1.57 2.028 Bim D
80 1.93 2.470 Bis D
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Table 10

RERZHANOMEOERD
Inlet and outlet pressures of slurry

with different flow rates

#E S/ kPa

i/ IR ##JE 71 /kPa HIEH
M/ g mn E/KPa oy mp | %/kPa
50 17.214 —307.208 324.422 1.364 1.388 —0.024
65 26.634 —475.640 502.274 2.297  2.330 —0.033
80 37.789 —674.910 712.699 3.471 3.515 —0.044
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