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Fig. 2 Directional distribution of different frequencies ultrasonic: (a) /=10 kHz; (b) /=20 kHz; (c) /=28 kHz; (d) /=40 kHz
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Fig. 3 Grain size distribution of unclassified tailings
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Table 2 Scheme of best combination level test
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Column Frequency/ Power/ Time point/ Final mass Column  Frequency/ Power/ Time point/ Final mass
No. kHz w min concentration/% No. kHz W min concentration/%
1 20 25 20 75.4 11 20 50 25 77.5
2 20 75 20 76.4 12 40 50 25 75.7
3 40 25 20 74.4 13 28 25 20 74.4
4 40 75 20 74.7 14 28 50 20 75.7
5 28 25 15 74.1 15 28 75 25 75.3
6 28 75 15 75.2 16 28 50 25 75.7
7 28 25 25 75.2 17 40 50 20 75.4
8 28 75 20 75.4 18 28 50 20 75.7
9 20 50 15 76.8 19 20 50 20 77.5
10 40 50 15 74.4 20 28 50 15 75.1
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Fig. 6 Tailings sedimentation height changes with time under

optimum combination level (0 shows free sedimentation)
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Table 4 Correlation analysis of final mass concentration
model
Evaluation index Value
SIG <<0.0001
Model correlation 0.9920
Correction coefficient, R, 0.9575
Coefficient of variation 0.45%
Signal to noise ratio 33.8
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Interaction of final mass concentration between

ultrasonic power and frequency: (a) Response surface; (b)

Contour diagram
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Table 6 Super-optimized result of unclassified tailings slurry thickening sedimentation under ultrasonic

Value Frequency/kHz Power/W Time point/min Predicted concentration/% Error/%
Optimized 20.02 50 19.77 77.51 0.120
Measured 20 50 20 77.5 '
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20~40 kHz I X b v R bR 2 T P A B 5

2) JE I R R [ VE 3, ST T 2 00 IR
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MIThER 5402 . A2 5 Tl I Z0 R D 9% f5e 26 TR A
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Thickening sedimentation of unclassified tailings under
influence of external field based on response surface method

ZHU Li-yi"?, LU Wen-sheng" 2, YANG Peng®*, WANG Zhi-kai'*

(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)

Abstract: In order to improve the mass concentration of unclassified tailings slurry thickening sedimentation, the
ultrasonic technology was introduced into the thickening sedimentation test of unclassified tailings slurry. MATLB was
used to simulate the directivity of the ultrasonic in unclassified tailings slurry, and then the ultrasonic frequency range
was selected. Meanwhile, The Design-Expert software was used to design and analyze the effect of ultrasonic on the final
mass concentration of the tailings slurry and the coupling relationship between the factors, and then optimize the
ultrasonic action conditions. The results show that, when the ultrasonic frequency is about 20—40 kHz, dissemination is
better in vertical sand silo. The final mass concentration of the unclassified tailing slurry has been significantly increased
under ultrasonic. The best conditions for ultrasonic application are frequency 20.02 kHz, power 50W and natural
sedimentation time 19.77min. And the final mass concentration of unclassified tailings slurry reaches 77.51%, which is
4.60% higher than the final concentration of natural sedimentation. Therefore, ultrasound wave is capable of improving
the final mass concentration under the condition of suitable ultrasound field.

Key words: back-fill mining; unclassified tailings; response surface; ultrasound; thickening sedimentation

Foundation item: Project(51641401) supported by the National Natural Science Foundation of China; Project
(2012BAB08B01) supported by the National Science and Technology Pillar Program during the 12th
“Five-year” Plan Period, China

Received date: 2017-01-25; Accepted date: 2018-04-25

Corresponding author: LU Wen-sheng; Tel: +86-10-62333864; E-mail: sunluw@sina.com

(wiE )



