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Mathematical relationship between the solid flux of deep cone thickener, flocculant unit
consumption, and slurry concentration

WANG Yong, CAO Chen, WU Ai-xiang™

School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China

X Corresponding author, E-mail: wuaixiang@126.com

ABSTRACT Tailings thickening is an important process of paste filling technology. At present, a deep cone thickener is often used for
tailings thickening. The sedimentation rate of tailings affects the solid flux of the deep cone thickener and determines the area occupied
by the deep cone thickener. At present, the addition of flocculant to tailings has become a common practice to improve the efficiency of
tailings thickening. Thus, the influence of various factors on the solid flux of the deep cone thickener needs to be investigated. In this
study, the solid flux of the deep cone thickener was calculated through the static sedimentation experiment of the graduated cylinder, and
the influence law of the flocculant unit consumption and slurry concentration on the solid flux of the deep cone thickener was analyzed,
and the influence of the two factors on the solid flux of the deep cone thickener was determined. Results showed that the tailings exhibit
a quadratic function relationship when the flocculant unit consumption is 5-30 g't"'. At 6%-26% solid mass fraction of slurry, the solid
flux first increases and then decreases, which is consistent with the experiment. The regression analysis of the solid flux equation under
the coupling effect of flocculant unit consumption and slurry concentration shows that the contribution of the two factors to solid flux is
slurry concentration > flocculant unit consumption. Based on the analysis of the influence of flocculant unit consumption and slurry
concentration on solid flux, the reasons for the different contribution values of flocculant unit consumption and slurry concentration were

summarized. According to the mathematical relationship between flocculant unit consumption, slurry concentration, and solid flux
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obtained from the research, engineering suggestions for the design and operation of the deep cone thickener were proposed. During the

operation of the deep cone thickener, the slurry concentration should be guaranteed first, followed by the flocculant unit consumption.

KEY WORDS deep cone thickener; solid flux; flocculant unit consumption; slurry concentration; mathematical relationship
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Table 1 Basic physical properties of full tailings

True density/ Unit weight/ Porosity/ Theoretical
(tm™) (tm’) % saturation/%
2.75 1.64 40.36 80.25
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Fig.1 Particle size distribution curve of full tailings
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Fig.2 Mixing and settling processes by homemade mortar mixing unit
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Table 2  Experimental ingredient list for different flocculant unit
consumptions
Order  Quality of Quality of Flocculant unit Flocculant
number tailings/g  water/g  consumptions/(g-t')  addition/g
1 110 890 5 0.183
2 110 890 10 0.367
3 110 890 15 0.550
4 110 890 20 0.733
5 110 890 25 0.917
6 110 890 30 1.100
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Table 3 Ingredient list
Ontr Vo o Sy QT e o
number phase/% o water/g (@t addition/g
1 6 60 940 15 0.3
2 11 110 890 15 0.55
3 16 160 840 15 0.8
4 21 210 790 15 1.05
5 26 260 740 15 1.3
6 6 60 940 20 0.4
7 11 110 890 20 0.73
8 16 160 840 20 1.07
9 21 210 790 20 1.4
10 26 260 740 20 1.73
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Table 4 Results of flocculation and sedimentation experiments with

different flocculants and solid flux calculations

Order Flocculant. unit In'1t1a1 Time of Height of Solid flux/
consumptions/ height/ settlement/ 1
number o settlement/s (t-d"'m™)
(gt mm

1 5 268 5 235 61.753

2 10 268 5 205 117.89

3 15 268 5 180 164.67

4 20 268 5 160 202.1

5 25 268 5 155 211.46

6 30 268 5 150 220.81
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Fig.3  Relationship between solid fluxes per unit consumption of

different flocculants
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Table 5 Results of flocculation and sedimentation experiments with

different slurry concentrations and calculation of solid fluxes

Ma§s Floccglant Initial Time of Height of Solid
Order fraction unit . flux/
. . height/ settlement/ settlement/ i
number of solid consumptions/ S mm (td
phase/% (gth m?)
1 6 15 276 5 190  84.877
2 11 15 268 5 180 164.67
3 16 15 260 5 203 160.64
4 21 15 249 5 209 1534
5 26 15 243 5 213 147.87
6 6 20 276 5 155 119.42
7 11 20 268 5 150  220.81
8 16 20 260 5 190 197.28
9 21 20 249 5 199 191.75
10 26 20 243 5 206 182.37
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Fig.4 Relationships between different slurry concentrations and solid

fluxes
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