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ABSTRACT Coarse aggregate paste filling is the core direction of today ’s mine development. The coarse aggregate filling can
effectively reduce the discharge of the solid mine waste, which is conducive to the realization of safe, clean, and efficient mining of the
deposit and can also reduce the production costs of infill mining and promote the coordinated development of green mining. To study the
pipeline conveying characteristics of the tailing—waste rock paste, the rheological properties were tested by a rheometer under different
tailing —waste rock ratios and solid content conditions. A resistance equation integrating the compactness, water —cement ratio, and
volume concentration was constructed. This was then brought into the Comsol software for simulations and compared with the actual
measurement results of the ring pipe. Errors measured by the numerical model are verified to be all within 7%, indicating that the model
reasonably calculated the resistance characteristics of the tailing-waste rock paste. Variation characteristics of the pipeline conveying

resistance under different solid contents, tailing—waste rock ratios, and initial velocity conditions were also simulated. Experimental
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results show that the plastic viscosity and yield stress increase with the solid content and tailing—waste rock ratio. Due to the friction

effect between the particles, the resistance loss tends to increase and then decrease with the tailing—waste rock ratio. The increase in the

solid content leads to a decrease in the water content of the paste, which consequently results in difficulty in the flow of coarse aggregate

slurry and a rapid increase in the resistance loss. The initial flow rate increases, the particle motion becomes unstable, the friction

increases, and the growth rate of the drag loss increases greatly after the “inflection point” of 2.2 m-s™". It is recommended that the mine

should be filled with a tailing —waste rock ratio of 5: 5 and an initial flow rate of 2.2 m-s™. The results have certain reference

significance for the design of a coarse aggregate paste pipeline conveying system, which helps the development of coarse aggregate paste

conveying technology and also has a positive effect on reducing the pipeline conveying resistance and extending the conveying distance.

KEY WORDS coarse aggregate; tailing-waste rock ratio; rheological characteristics; resistance model; numerical simulation
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Fig.1 Particle size analysis results: (a) unclassified tailing; (b) waste rock
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Table 1 Chemical composition of the filling material
Materials SiO, CaO MgO ALO; Fe,0; SO, K,0 TiO, MnO Other
Unclassified tailing 42.20 3.73 32.71 4.04 12.14 3.37 0.39 0.33 0 0.85
Waste rock 47.71 16.39 15.22 7.81 7.17 2.58 1.95 0.54 0.12 0.39
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Table 2 Activity index of the filling material E]/J AC Lt ( %% tb4:6.5:5 *H 6: 4) L#/ﬁ‘%gﬁ :
Materials Alkalinity rate Activity rate Mass index ~ Activity 2 é}%ﬁi\_& E = ,ﬁg HI‘J DZ":' § l}r# 'HE
Unclassified tailing 0.79 0.1 0.24  Low activity
325 7 31 A=k
Waste rock 0.57 0.163 0.54  Low activity 21 REMK
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Table 3 Stacking compactness of the mixed aggregate

Tailing—waste rock Density of mixed Compactness,
ratio aggregate/(g-cm ) [
0:1 2.826 0.476
1:9 2.815 0.489
2:8 2.801 0.508
3:7 2.788 0.521
4:6 2.774 0.542
5:5 2.761 0.593
6:4 2.752 0.614
7:3 2.743 0.529
8:2 2.732 0.501
9:1 2.724 0.496
1:0 2.715 0.464
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Table 4 Rheological test summary
Scheme Solid mass fraction/% Volume fraction/% Cement-sand mass ratio Water—cement mass ratio Tailing—waste rock ratio ~ Bulk density
1-3 67 55.20% 1:4 1.41 4:6/5:5/6:4 0.542/0.593/0.614
4-6 69 52.39% 1:4 1.57 4:6/5:5/6:4 0.542/0.593/0.614
7.9 71 49.72% 1:4 1.75 4:6/5:56:4 0.542/0.593/0.614
10-12 73 47.19% 1:4 1.94 4:6/5:5/6:4 0.542/0.593/0.614
13-15 75 44.77% 1:4 2.14 4:6/5:5/6:4 0.542/0.593/0.614
16-18 77 42.47% 1:4 2.35 4:6/5:5/6:4 0.542/0.593/0.614
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“ Table 5 Fitting results of rheological parameters
220
- Tailing—waste Solid mass Yield Plastic R
2z rock ratio  fraction /%  stress/Pa  viscosity/(Pa-s™")
=
o 77% 184.3155 0.7424 0.9971
Q
7 75% 85.8522 0.6476 0.9977
73% 61.3761 0.4344 0.9924
- 4:6
50 a0 7% 435327 0.2677 0.9889
Shear time/s 69% 26.9710 0.1815 0.9844
925 AR T 2 R e B
B2 unAssiy s B 67% 18.0002 0.1422 0.9631
Fig.2 Schematic of the rheological shearing process
77% 206.5693 0.8278 0.9743
700 75% 138.0741 0.7509 0.9993
—— Solid mass fraction 67%
600 b —— Solid mass fraction 69% 73% 91.1335 0.6465 0.9992
—— Solid mass fraction 71% 5:5
| —— Solid mass fraction 73% 71% 69.4989 0.4144 0.9927
g 00 Solid mass fraction 75% 69%
7 a0k Solid mass fraction 77% ¢ 53.8325 02737 0.9876
% 67% 39.4085 0.1673 0.9798
§ 300
= J 77% 236.9843 0.9017 0.9612
200 - ] 75% 172.7104 0.8651 0.9849
100 4 m— 73% 118.8447 0.7526 0.9996
6:4
0 L L L L L 1% 81.1709 0.5074 0.9986
0 50 100 150 200 250 ’
Shear rate/s™ 69% 63.0234 0.3453 0.9941
B3 GARREML(RE L 6 - 4) 67% 46.6048 0.2311 0.9861

Fig.3 Rheological characteristic curve (tailing—waste ratio is 6 : 4)
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Fig.4 Effect of the solid mass fraction on the rheological properties
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Fig.5 Effect of the tailing—waste rock ratio on the rheological properties
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Table 6 Yield stress fitting result

Fitting equation of the yield stress and

Fitting equation of the yield stress and slurry

Tailing—waste rock R R
mass ratio slurry volume fraction water—cement ratio

4:6 70 = 0.0029¢20-49Cv 0.97 7o = 1384.01(w/c)~>10 0.97

70 = 0.113¢1391¢ 0.99 0 = 820.24(w/c) 7346 0.99

6:4 70 = 0.196¢!318¢ 0.99 0 = 894.21(w/c)~>?8 0.99
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Table 7 Parameter fitting result

Yield stress , Plastic viscosity ,
R R

a, b, k

Tailing-waste

rock ratio a b

4:6 1232.80  —4.85
5:5 799.77 -3.21

097 198 0.64 558 0.97
099 3.84 239 272 099

6:4 924.96 -3.03 099 128 077 3.76 0.99
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