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Table 1 Basic physical properties of unclassified tailings
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Fig.1 Grain size composition of unclassified tailings
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Fig. 2 Experimental equipment of ultrasonic irradiation

and thickener: 1 — Mixer; 2 — Peristaltic pump; 3 —
Conveying hose; 4—Ultrasonic generator; 5—Ultrasonic
transducer; 6—Motor; 7—Overflow tank; 8—Rake frame;
9—Experimental column; 10—High precision camera; 11—

Computer; 12—Underflow discharge port

Proportion/ Loose density/ Dense density/ Loose porosity/ Dense porosity/ Moisture content/
(tm) (tm”) (tm”) % % %
2.58 1.15 1.31 53.72 40.35 0.8
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Table 2 Design scheme of orthogonal experiment

Experiment No. flkHz Rake speed/(r-min ')
El 20 10
E2 22 6
E3 25 8
E4 28 2
ES 16 4
E6 — —
1) Control group
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Fig.3 Curves of underflow concentration with time
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Table 3 Average of underflow concentration in Continuous

thickening stage

Experiment fIkHz Rake L Mean undejrﬂow
No. speed/(r'min ) concentration/%
El 20 10 62.03
E2 22 6 62.83
E3 25 8 61.28
E4 28 2 61.26
E5 16 4 63.85
E6 - - 60.57
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Fig.4 Curves of underflow concentration with rake speed
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Fig. 6 Location of ultrasonic irradiation focal region:

(a) Focal area in middle of slurry; (b) Focal area in edge of

slurry; (c) Focal area out of slurry
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Fig. 7 Curve of shear stress with shear rate
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Table 4 Relation table of experimental parameters and

rheological parameters

. Ultrasonic Rake Shear plastic

Experiment . .
No frequency/  speed/ stress/  viscosity/

’ kHz (rrmin”") Pa (Pa-s)

El 20 10 17.410 0.633

E2 22 6 26.760 1.023

E3 25 8 31.196 0.977

E4 28 2 33.177 1.087

ES 16 4 19.312 0.571
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Table 5 Analysis of correlation between frequency of

ultrasonic and speed of rake frame

Relevance Ultrasonic frequency  Rake speed
Shear stress 0.901 0.443
Plastic viscosity 0.856 0.414

B2 5 WI%N, B SR 5 Y R AR MG R
KRB AN 0.901. 0.856, AHIERiR, Ml
R SR AR RO % R Al 9 0.443 F10.414.
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Table 6 Volume ratio of floc volume obtained by
Image-pro treatment
El E2 E3 E4 E5
0.57 0.48 0.73 0.78 0.58

0% S
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Fig. 11 Schematic diagram for reducing porosity of floc
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Fig. 10 SEM images of samples:
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Influence of ultrasonic irradiation on
thickening effect and rheology of tailings underflow

PENG Qing-song"*, WANG Hong-jiang"?, XING Peng', YANG Liu-hua"*, WANG Zhi-kai"*

(1. School of Civil and Environment Engineering,
University of Science and Technology Beijing, Beijing 100083, China;
2. Key Laboratory of High-Efficient Mining and Safety of Metal Mines,
University of Science and Technology Beijing, Ministry of Education, Beijing 100083, China)

Abstract: At present, the thickener’s thick effect is poor with a low underflow concentration. In order to explore
new ways to improve the technology of the underflow concentration, ultrasonic irradiation was applied into
thickener transformation performance to research the effects of ultrasonic irradiation on thickener underflow
concentration and rheology. With the help of homemade ultrasonic irradiation and deep cone thickener experiment
system, dynamic thickening experiments was carried out. Under the orthogonal experiment design, it was focused
on that different speed of rake and different frequency of ultrasonic irradiation influence effect on underflow
concentration of indoor model of deep cone thickener. The results show that the ultrasonic frequency has a complex
relationship with the concentration of underflow. The ultrasonic effect has a gain effect on the concentration of the
underflow with the increase of the frequency. The maximum increase of the concentration of the underflow in the
experiment is 3.85%. The gain of the ultrasonic effect on the concentration of underflow is the weakest at the
frequency of 22.34 kHz, which is a quadratic function distribution. The structure and size of slurry flocs decrease
after ultrasonic treatment, which lead to the redistribution and combination of tailings and flocs, and result in
smaller flocs and lower floc volume ratio. It can be seen that ultrasonic irradiation has a great influence on the
underflow concentration, which can be used to improving the underflow concentration of the thickener.

Key words: ultrasonic irradiation; dynamic thickening experiment; unclassified tailings; underflow concentration;

flocs structure
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