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Table 1 Basic physical parameters of full tailings

Nonuniformity Density/
Dsy/ D/, Dyo/ . -
so/m - Eofpm Seo’m coefficient (grem 3)
17.07 2.09 25.18 12.05 2.769

R2 EREWRGANR

Table 2  Particle size composition of full tailings

<5 um 5-10 um 10—20 pm
21.7% 13.8% 19.2%
20—39 um 39-75 um >75 um
19.5% 17.3% 8.7%
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Fig. 1 Particle size distribution of full tailings
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Fig. 3 Relationship between shear rate and shear stress of

slurry with various slurry concentrations
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Table 3 Rheological parameters of tailings slurry

Slurry concentration/% Rheological equation Yield stress/Pa Plastic viscosity/(Pa-s) Adj.R®
65 0.22y+35.14 35.14 0.22 0.97
66 0.27y+54.89 54.86 0.27 0.96
67 0.34y+62.35 62.35 0.34 0.96
68 0.42y+81.89 81.89 0.42 0.95
69 0.51y+97.31 97.31 0.51 0.98
70 0.63y+132.88 132.88 0.63 0.98
71 0.88y+160.33 160.33 0.88 0.95

T4 B SRR A5 4
Table 4 Fitting results of yield stress(oy) and slurry concentration(Cs)

Type Fitting result Adj.R®
Linear o, =20.23464C, —1286.70429 0.9552
C.
i =1.30626x107 - ex S 1-2.10138
Exponential o, p[4.34321j 0.9877
—4.01418 +13740.444
5, =13740 4458  —H01418 1374044438
Logistic 1+ Cq ' 0.9859
94.28886
Polynomial o, = 2.03345C; —256.31488C, +8107.84571 0.9891

x5 BVERE SRR LG AR

Table 5 Fitting results of plastic viscosity(v,) and slurry concentration(Cys)

Type Fitting result Adj.R’
Linear v, = 0.1025C5 — 6.50286 0.9131
C
Exponential v, =3.98897x107"! -exp[ % 059 33j+ 0.13283 0.9923
0.14464 - 615.31959
v, =615.31959 + TRV
Logistic 1+ C ' 0.9885
94.25377
Logistic v, = 0.01512C5 —1.95369C + 63.34714 0.9892
180 0.9
(a) (b)
160 * Yield stress ~ 08 o Plastic viscosity
1ok Linear fitting : 07k e Linear fitting
P Polynomial fitting & T s Polynomial fitting
T Exponential fitting = 061 e Exponential fitting
2| e Logistic fitting E- IR Logistic fitting
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Fig. 4 Fitting curves of slurry concentration and rheological parameters: (a) Slurry concentration and yield stress; (b) Slurry
concentration and plastic viscosity
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Table 6 Fitting results between yield stress(oy)and slump(S,)
Type Fitting result Adj.R®
Linear 0,=333.12097-9.9019S, 0.8521
E ial 3.18895 5 192.96566 0.9361
t o, =-3. -ex| +192. .
xponentia y Pl 730973
o, =15.44343 1 160.00393—15.]14(133423
Logistic N b ' 0.9913
25.44348
Polynomial o, =27.81994S, - 0.85484S§ —64.39269 0.9539
R/T OBERE SYRE LA LR
Table 7 Fitting results between plastic viscosity(v,) and slump(S,)
Types Fitting result Adj.R*
Linear v,=1.77089—-0.05294S, 0.9292
. Sp
Exponential v, ==0.09715-exp +1.25854 0.9548
12.0034
0.88427 -0.0414
- vp =0.0414 + 10.46565
Logistic N S, 0.9709
25.18414
Polynomial v, =0.061S, — 0.0()258S§ —-0.57019 0.9590
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Fig. 5 Relationship between slump and slurry concentration
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Fig. 6 Fitting curves of slump and rheological parameters:
(a) Slump and yield stress; (b) Slump and plastic viscosity
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Table 8 Pipeline resistance values calculated by Model A

4

1) XA [RPRL I RE (K A SRARTT & 1 it 28 it
B, 153 BEE BRI LRI OR, RN g A B
FEY I RHDES . R T VYR Ll & B3 (Linear
fitting - Exponential fitting . Logistic fitting .
Polynomial fitting) XK & FE 5 A S50 2 6] 11
RAHATINE 74T, A5 HVRLRIKBE S i IR ) 2 T8
IR AT G IR AR, BRI SRR
IR OR A AT B T R B

2) R T ANRDRE IR BE (IR L kB, 45 Rk
W, BERIREEART 70%0, FeBUekR BA n IR
Btk BEAEPHEFZ RO, LR A RS 7 RS
REBLY) B NS, BRI RS JE IR ) K&
AR E Z A58 RIIFF & Logistic fAY

3) WSROI R SRR SR

Flow rate/ Pipe diameter/ Pipeline resistance/MPa
(ms ™) mm 65% 66% 67% 68% 69% 70% 71%
0.5 150 2.78 4.25 4.86 6.36 7.57 10.25 12.53
1.0 150 3.06 4.59 5.30 6.89 8.22 11.06 13.65
1.5 150 3.34 4.64 5.73 7.43 8.78 11.86 14.78
&9 BB IHERETERIEEE
Table 9 Pipeline resistance values calculated by Model B
Flow rate/ Pipe diameter/ Pipeline resistance/MPa
(m's ™) mm 65% 66% 67% 68% 69% 70% 71%
0.5 150 3.04 3.80 4.88 6.26 7.98 10.03 12.45
1.0 150 3.34 4.15 5.29 6.77 8.61 10.58 13.59
1.5 150 3.63 4.50 5.70 7.28 9.25 11.67 14.60
F 10 A C R ETE A I E
Table 10 Pipeline resistance values calculated by Model C
Flow rate/ Pipe diameter/ Pipeline resistance/MPa
(m's) mm 65% 66% 67% 68% 69% 70% 71%
0.5 150 2.67 4.45 5.16 5.95 7.53 10.36 12.50
1.0 150 2.93 4.88 5.61 6.41 8.14 11.19 13.61
1.5 150 3.20 5.28 6.06 6.91 8.75 12.03 14.74
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Rheological properties and pipeline resistance
calculation model in tailings paste

HOU Yong-giang"?, YIN Sheng-hua"?, DAI Chao-qun"? CAO Yong"*

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 1000083, China;
2. Key Laboratory of High-Efficient Mining and Safety of Metal Mines, Ministry of Education,
Beijing 100083, China)

Abstract: In order to explore the rheological properties and the pipeline resistance calculation model of the tailings
paste at different concentrations, the rheological tests and slump tests of different slurry concentrations were
carried out in the laboratory. The results show that the yield stress and plastic viscosity of the slurry increase with
increasing slurry concentration. According to the fitting results of the model, it can be known that the yield stress
follows an increasing function of the quadratic function as the slurry concentration(mass fraction,%) increases, and
the plastic viscosity follows an exponential function as the slurry concentration increases. When the slurry
concentration is lower than 70%, the filler slurry has considerable fluidity, and there is a certain correlation
between the rheological parameters and the slump. Four fitting models are used to fit and analyze the relationship
between slump and rheological parameters, and it is obtained that the yield stress and plastic viscosity of the slurry
follow the law of decreasing logistic function as the slump increases. Based on the mathematical model of slurry
concentration, slump and rheological parameters, a pipeline resistance calculation model based on slurry
concentration or slump is established. Taking Jinchuan No.2 mining area as the engineering background, the
accuracy of the new pipeline resistance calculation model is verified, showing that it is reliable to use the slurry
concentration or slump to replace the rheological parameters for calculating the pipeline resistance.
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