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Table 1 EDS analysis of tailings under neutral conditions
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Fig. 1 Particle size curves of tailings
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Element Atomic number Series Mass fraction/% Mole fraction/%
Si 14 K-series 80.64 85.53
Fe 26 K-series 9.71 5.18
Ca 20 K-series 4.96 3.69
Mg 12 K-series 2.96 3.63
Al 13 K-series 1.73 1.92
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Table 2 Preparation parameters of different pore ratio samples
Porosity Specific Moisture content/ Water density/ Ring knife Sample
ratio gravities % (g-em®) volume/cm® quality/g
0.50 2.67 9.93 0.996 120 233.87
0.55 2.67 9.93 0.996 120 226.30
0.60 2.67 9.93 0.996 120 219.25
0.65 2.67 9.93 0.996 120 212.61
0.70 2.67 9.93 0.996 120 206.35
0.80 2.67 9.93 0.996 120 194.88
0.90 2.67 9.93 0.996 120 184.63
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Fig. 2
structure diagram: 1—Penetration test device; 2—Sealing clip

Variable head penetration experimental device

device; 3—Scale; 4— Variable head device; 5— Chemical
solution; 6—Water injection hole; 7—Venting device; 8—
Outlet hole; 9—Beaker
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Table 3 Test data record of permeation test under neutral conditions
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FLBRLL N, BRVEFMU T BEREE R, BEMERT .

Poros ity lgﬁ At/s Temperature/C I ET{ Kzo/ﬂ
ratio hy 7o (ems™) (cm's™)
0.50 0.389 277.71 22 0.963 1.61x10™ 1.55x 107
0.55 0.389 146.14 22 0.963 3.06X 107 2.95x10™*
0.60 0.389 85.81 22 0.963 521x107* 5.02%x107*
0.65 0.389 56.68 22 0.963 7.89%x 107 7.60X107*
0.70 0.389 48.09 22 0.963 9.30%x107* 8.96X 107
0.80 0.389 28.75 22 0.963 1.56X 107 1.50X 1073
0.90 0.389 17.67 22 0.963 2.53X107 2.44%107
F4 BRUFMGTBERRIIR
Table 4 Test data record of permeation test under acidic conditions
Porqs ity lgh—' At/s Temperature/C I KT{ KZO/—I
ratio hy o (cm's™) (cm's ™)
0.50 0.389 165.78 22 0.963 270107 2.60X107*
0.55 0.389 92.23 22 0.963 4.85%107* 4.67x107
0.60 0.389 55.10 22 0.963 8.12x107* 7.82X107*
0.65 0.389 42.00 22 0.963 1.07X107° 1.03X 1073
0.70 0.389 31.00 22 0.963 1.44%x107° 1.39X 1073
0.80 0.389 19.55 22 0.963 2.29X107° 221%X107°
0.90 0.389 10.95 22 0.963 4.09%107 3.94X 107
F5 WKL TBEREGICTR
Table 5 Test data record of permeation test under alkaline conditions
Porosity 1gﬂ At/s Temperature/C I ET{ Kzo/il
ratio hy o (cm's™) (ecm's ™)
0.50 0.389 493.36 22 0.963 9.07X10°* 8.73%x107*
0.55 0.389 376.31 22 0.963 1.19%x107* 1.15%x107*
0.60 0.389 300.32 22 0.963 1.49x107* 1.43%x107*
0.65 0.389 234.64 22 0.963 1.91x107° 1.84%107
0.70 0.389 149.78 22 0.963 2.99%107° 2.88%107°
0.80 0.389 80.19 22 0.963 5.58%X107° 5.37X107
0.90 0.389 55.59 22 0.963 8.05%X107° 7.75%X107°
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Table 6 Fitting results of different equations
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Acidic (pH=3) Alkalinity (pH=11)

Formula 7 7 7

type . . . . . .

Fitting results squared Fitting results squared Fitting results squared
TERZAGHI K,, =0.00227¢ 0.810 K,, =0.00351¢° 0.786 K,, =7.34416x10"¢" 0.805
formula
3 3 3
KOSEN K,, =0.00535 ¢ 0.910 K,, =0.00831 ¢ 0.890 K,, =0.00173 ¢ 0.906
formula l+e l+e l+e
3 3 3
LIUJIE Ky = 0.01615(ij 0.752 K,y =0.02501| - 0.726 Ky =o.oosz4(i) 0.747
formula I+e I+e l+e
250 (a) *+ Experimental result (b) * Experimental result
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Fig. 8 Schematic diagram of shape and pore change of tailings under different chemical conditions
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Table 7 EDS analysis under acidic conditions
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Fig. 9 SEM image and EDS spectrum of

tailings particle morphologies under different
chemical conditions: (a) pH=7; (b) pH=3;
(c) pH=11

Element Atomic number Series Mass fraction/% Mole fraction/%
Si 14 K-series 43.19 55.14
Fe 26 K-series 3543 22.75
Ca 20 K-series 16.23 14.52
Mg 12 K-series 5.15 7.60
&8 WML EDS 23 Hr
Table 8 EDS analysis under alkaline conditions
Element Atomic number Series Mass fraction/% Mole fraction/%
(0] 8 K-series 4531 68.83
Fe 26 K-series 35.16 15.30
Si 14 K-series 15.53 13.44
Ca 20 K-series 4.00 2.43
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Experimental on influence of pore ratio on
tailings sand permeability under different chemical conditions

ZHU Li-yi"? YANG Peng”*, LU Wen-sheng" %, CHENG Xiao-liang*, WANG Kun’

(1. Key Laboratory of High-Efficient Mining and Safe of Metal, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
3. Beijing Key Laboratory of Information Service Engineering, Beijing Union University, Beijing 100101, China;
4. Power China Beijing Engineering Corporation Limited, Beijing 100020, China;
5. School of Mining and Safety Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: In order to explore the feature rule of pore ratio and soaking time on the permeability of tailings sand under the
action of different acid and alkaline fluid environments, seven groups of samples with different pore ratio were prepared.
A laboratory experiment of variable head permeability was designed to analyze the permeability of tailings sand. The
permeability variation of tailings under eight soaking times was studied by the method of controlling variables. The
scanning electron microscope and X-ray energy spectrometer was used to investigate the mechanism between pore ratio
and permeability of tailings under different chemical conditions. The results show that a similarity index relationship
between pore ratio and permeability coefficient of tailings under different chemical conditions. When the void ratio of the
sample is 0.65, in strong acid solution (pH=3), the permeability coefficient of tailings increases with the increase of
soaking time, showing a quadratic parabolic relationship. The permeability coefficient of the tailings soaked for 1600 s
increases by 56.92% compared with that soaked for 200 s. In the strong alkali environment (pH=11), the permeability
coefficient of tailings decreases with the soaking time as a logistic function, and the permeability of tailings decreases by
73.66% in 1600 s compared with that in 200 s. Based on the penetration theory of TERZAGHI, KOSEN and LIU JIE, the
modified relationship model is obtained under acidic, alkaline and neutral conditions. According to the analysis of test
results and the images observed from scanning electron microscopy, it is found that under acidic conditions the small
tailings are eroded and large tailings have prominent edges and corners. Meanwhile, the bound water film thinner, the
pore size increases, and the permeability coefficient increases. However, under alkaline conditions, the surface of tailings
particles and tailings particles are covered or filled with precipitated colloids. Furthermore, the bound water film becomes
thicker, the porosity decreases, and the permeability coefficient decreases accordingly.

Key words: tailings sand; chemical environment; permeability coefficient; pore ratio; microstructure
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