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Research and Application on Key Parameters of High Concentration Continuous
Filling Process for Tailings in Shizhuyuan Polymetallic Mine
CHEN Guohui's ZHENG Bokun®*, SHI Yong®*®, YUAN Ziqi*
(1.Hunan Shizhuyuan Nonferrous Metals Co., Ltd., Chenzhou, Hunan 423037, China;
2.Changsha Institute of Mining Research Co., L.td., Changsha, Hunan 410012, China;
3.Hunan Engineering and Technology Research Center for Comprehensive Utilization of
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Abstract: Aiming at the problems of large ore depletion rate and serious surface subsidence in Shizhuyuan Polymetallic Mine by
caving mining, it is proposed to use filling mining method. Physical and chemical properties test of tailings, static and dynamic
flocculation and settlement test were carried out, combined with the actual production capacity of the mine, the optimum
thickening parameters of tailings and thickener size were determined. The particle swarm optimization support vector machine
(PSO-SVM) was used to establish the sand discharge stability prediction model, and the optimum sand discharge process
parameters were obtained. The results show that the optimum type of flocculant is CKYZ-24S, its optimum dosage is 30 g/t,
the optimum feed mass concentration of the unclassified tailings is 12.5% . the optimum feeding rate of the tailings is 0.744 t/(m*h),
and the diameter of the thickener is determined to be 12 m. The optimum sand discharge process parameters are as follows: the
height of the tailings mud layer is 15.2 m, the thickening time is 3.9 h, the flow rate of sand discharge is 96 m’/h, and the
average mass concentration of slurry is 70% , with fluctuation of £1.5% , which realizes 24 h continuous filling of tailings, and
the filling capacity reaches 4 800 m®/d. The research results show that the filling mining method can improve the economic
benefits and ensure the green and safe mining of the mine.
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Table 1 Basic physical parameters of unclassified tailings
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Fig.1 The particle size distribution of unclassified tailings
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Table 2 Results of chemical composition

analysis of unclassified tailings %
Si Ca Al Fe F K Mg Mn
49.56  16.49 12.89 7.911  4.37 2.37 1.28 0.902 9
Na S Ti Sn Rb Pb w P
0.832 0.644 0.148 0.109 0.755 7 0.641 0.06 0.04
Bi Cl Zn Cu Cr Mo Sr Zr

0.322  0.309 0.306 0.028 3 0.009 0.009 3 0.008 4 0.004 4
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Fig.2 The varying curves of solid-liquid separation interface

height with time under different flocculants
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Fig.3 The varying curves of solid-liquid separation interface

height with time under different flocculant dosages

1.2.3  RBRPIK e AR BT iR

T EEF CKYZ24S Bt H &L=
30 g/t (3R L D E R ORD R B Uk R O Bl R
7.5%.10%.12.5% .15 % T Y 28 %E T B o L 3R 56
SERANE 4 Frs. B 4 ATLLE L, BE B R DI R
VR AR LB DR B AR, Hoh 7.5 YO (R i
W RO R DTRE RO R dr . e R K ik
R 1096 ~12.5 Yo I, [ 4 25 S 1h1 e B B e (1] ) 48 1k
o S MER g TN 2 @ SO 2 B o o U 2 Syl e 2
PAPRIE B A0 2 15 7 S AV A v B o DA it 6 285 R R S B s
BLLEA 75 IR e 2 R AP e AR RN 12,520,

-~ 75%
1000 | 5 o 10%
i +12.5%
| v 0,
800 | 16%
- |
E \
o 600F |
HE |
= |
BN 400[ r
o I\
H 200} - 1 1
O 50 100 150 200 250 300
DL R /s
B4 AARWERERETERSIBERAESE
Pt Bsf 18] 25 4L #h &%

Fig.4 The varying curves of solid-liquid separation
interface height with time under different

mass concentration of tailings slurry
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Table 3 Results of slump test cm

LRI I e E 9 Y78 1

VR

o 8% 6% A% 2% 0% 68%
1:6 9.7 225  27.0 282  28.4 28.8
1:20 115  22.8 257  27.5  28.4 28.9
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Table 4 Results of filling body strength tests

G5 geww  FORFE HURSEL/MPa

e B/ % 3d 7d 28 d

1 72 2.27 3.97 5.74

2 1:6 70 1.98 3.33 5.03

3 68 1.73 3.22 4.67
""" ¢ 7z 165 314 430

5 1:8 70 1.45 2.38 3.79

6 68 1.23 2.38 3.37
""" 772 097 238 311

8 1:10 70 0.83 1.93 2.43

9 68 0.74 1.64 2.13
B 2 0.56 .37 192

11 1:12 70 0.45 1.22 1.90

12 68 0.33 0.72 1.47
TR R 1.34

14 1:15 70 0.56 1.23

15 68 0.23 0.67
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Table 5 Results of dynamic flocculation sedimentation tests

gy RHEIE JEE W HE JES 3G R ik i K
ﬁa;.%." qc/ WP 02/ B Cy/ o e/
(t/(m? « h)) (t/m?) % (mg/L)

1 0.608 1.20 72.88 98.01
2 0.646 1.19 70.28 180.90
3 0.744 1.18 68.41 209.12
4 0.773 1.18 66.80 306.98
5 0.870 1.17 64.72 320.61
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Table 6 Production capacity of filling system
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Fig.5 Process flow of filling system
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Table 7 Schemes of orthogonal test

KT RIZ B O B W ﬁﬂ(@fﬁ% Qz/  WEWH[E]
H/m Co/ % (m?®/h) t/h
1 13 68 99.10 2.94
2 14 69 98.26 3.16
3 15 70 96.04 3.89
4 16 71 94.69 4.61
5 17 72 93.37 5.14

7 JH 3 25 2R BE DU R e AT 1E 32 I, X ik
BRI AT HORE |, 1 00 I 90 5% — BE I ) P9 e 3 7 10
Jot e e JRE 1) 8 A AR B T B AL Bk R 9
e A 22 745 PSO-SVM BRI B REA K L W3 8.
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Table 8 Results of orthogonal test

C R EBEE R s R

F5  @EH/ WEC/ Q:/ L REM

m % (m®/h) ’ 1 2 o
1 13 68 99.10 2.94 2.39
2 13 69 96.04 4.61 6.78
3 13 70 93.37 3.16 5.31
4 13 71 98.26 5.14 4.92
5 13 72 94.69 3.89 3.88
6 14 68 93.37 4.61 2.37
7 14 69 98.26 3.16 2.35
8 14 70 94.69 5.14 3.16
9 14 7l 99.10 3.89 10.54
10 14 72 96.04 2.94 4.89
11 15 68 94.69 3.16 4.14
12 15 69 99.10 5.14 3.06
13 15 70 96.04 3.89 0.05
14 15 71 93.37 2.94 2.59
15 15 72 98.26 4.61 3.33
16 16 68 96.04 5.14 4.16
17 16 69 93.37 3.89 6.87
18 16 70 98.26 2.94 2.56
19 16 71 94.69 4.61 3.58
20 16 72 99.10 3.16 3.03
21 17 68 98.26 3.89 4.74
22 17 69 94.69 2.94 7.23
23 17 70 99.10 4.61 8.56
24 17 71 96.04 3.16 5.07
25 17 72 93.37 5.14 1.57
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Fig.6 Industrial test results
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