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Static and Dynamic Flocculation Settlement Law of Total Tailings Based on Response Surface Method
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Abstract : Thickening and dewatering of tailings is a key link in the tailings filling process. In order to explore the thickening and
dewatering performance of tailings in a mine, static and dynamic flocculation settlement tests of tailings were carried out
according to the basic physicochemical properties of tailings. The static flocculation settlement tests were designed with the
mass concentration of tailings slurry, the flocculant type and the flocculant content as the influencing factors and the settlement
rate as the research index. The dynamic flocculation settlement tests were designed with feed rate, feed mass concentration and
flocculant content as influencing factors, and solid content of overflow water, underflow mass concentration and settling
velocity of tailings as research indexes. Based on response surface analysis method, the dynamic flocculation settlement law of
total tailings under the interaction of multiple factors was revealed. Firstly, through the static flocculation settlement tests, the
optimal type of flocculant was determined as CKFA02, the optimal content of flocculant was determined as 20 g/t. and the
optimal feed mass concentration of tailings slurry was determined as 10%—-12.5%. Secondly, according to the response surface
model constructed based on the dynamic flocculation settlement tests, the maximum influencing factors on the underflow mass
concentration, solid content of overflow water, and settling velocity of tailings are the slurry feed rate. The interaction between
slurry feed rate and feed mass concentration has the greatest impact on the underflow mass concentration, while the interaction

between slurry feed rate and flocculant content has the greatest impact on the solid content of overflow water and settling
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velocity of tailings. Thirdly, the optimal settlement parameters are the slurry feed rate of 0.55 t/(m” * h), feed mass concentration of

11.12%, flocculant content of 30 g/t. Under the optimal flocculation settlement parameters, the underflow mass concentration is

60.6% » the solid content of overflow water is 251.4 mg/L, and the settling velocity of tailings is 58.06 mm/s.

Key words: Thickening and dewatering, Static flocculation settlement, Dynamic flocculation settlement, Response surface

method, Interaction
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Fig.1 Particle size distribution of total tailings
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Table 1 The main chemical compositions of total tailings
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Fig.2 The time-dependent curves of the height
of the solid-liquid separation interface

in the sedimentation of tailings slurry
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when the amount of flocculant changes
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Fig.4 The time-dependent curves of settlement height of

tailings slurry with different mass concentrations
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Table 2 Design schemes of dynamic

flocculation settlement test
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Table 3 Results of dynamic flocculation settlement test
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X Y A i (mg/L) (mm/s)
1 0 1 —1 57.2 214 57.4
2 1 0 —1 57.7 335 45.9
3 —1 0 1 57.9 246 54.7
4 —1 1 0 52.4 255 53.3
5 0 0 0 57.6 248 54.2
6 —1 —1 0 54.3 277 51.8
7 1 0 1 60.6 308 57.6
8 0 —1 —1 57.5 266 52.7
9 0 —1 1 59.1 260 53.1
10 0 1 1 59.0 225 56.5
11 1 1 0 55.4 317 47.9
12 1 —1 0 56.2 358 42.7
13 —1 0 —1 56.1 242 55.3
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Table 4 Variance of response surface

model of underflow mass concentration

e S5 A ¥1r F i P 1A
LY 55.49 6.17 33.60 0.000 603"
X 10.58 10.58 57.66 0.000 629
Y 1.20 1.20 6.55 0.050 734
Z 8.20 8.20 44.69 0.001 132
XY 0.32 0.32 1.67 0.278 923
Xz 0.30 0.30 1.65 0.255 439
YZ 0.01 0.01 0.05 0.824 673
X2 9.16 9.16 49.91 0.000 879
Y? 7.76 7.76 42.31 0.001 283
A 15.52 15.52 84.56 0.000 255

Bk 22 0.92 0.18

. RO EE TR,
x5 HRASEEMEEKRESE

Table 5 Variance of response surface model

of overflow water solid content

B3 Rl 5 F 1§ P 1A
LR 23 796.40 2 644.04 70.32  <<0.000 1”
X 11 100.50 11 100.50 295.23  <€0.000 1
Y 2 812.50 2 812.50 74.80 0.000 3

7 40.50 40.50 1.08 0.346 9
XY 90.25 90.25 2.40 0.182 0
XZ 240.25 240.25 6.39 0.052 7
YZ 72.25 72.25 1.92 0.224 3
X2 8 374.67 8 374.67 222.73 <<0.000 1
Y? 138.52 138.52 3.68 0.113 0
A 612.06 612.06 16.28 0.010 0
5k 2% 188.00 37.60
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Table 6 Variance of response surface
model of settling velocity

P Rl ¥y F {8 P i
LAY 223.53 24.84 4.95 0.046 4
X 55.13 55.13 11.0 0.021 1
Y 27.38 27.38 5.46 0.066 0
Z 14.05 14.05 2.80 0.155 0
XYy 3.42 3.42 0.682 7 0.446 3
Xz 37.82 37.82 7.54 0.040 5
YZ 0.422 0.422 0.084 0.783 0
X2 43.00 43.00 8.58 0.032 0
Y? 12.81 12.81 2.56 0.170 8
A 24,72 24,72 4.93 0.077 1

5k 2% 25.07 3.00
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