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Table 1 Basic physical parameters of unclassified tailings
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Table 2 Parameters of flocculant optimization test

Flocculant Slurry Unit consumption of
concentration/  concentration/ flocculant/
% % (gt)
0.3 15 15

Density/(g-em °)  Bulk density/(g-cm ) Porosity/%

3.612 1.356 62.4
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Fig. 1 Particle size distribution of unclassified tailings
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Table 3 Parameters of flocculant

Name Type Molecular weight/10°
BASF781 Anionic 15-16
SNF615S Anionic 14-16

HJ7010 Nonionic 7-8
AL902 Cationic 9-10
A
A4
A

Initial
state

B2 DT
Fig. 2
A—Clarification zone; B—Settlement zone; C—Transition

Flocculation sedimentation evolution process:

zone; D—Compression zone
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Fig. 3 Flocculation sedimentation characteristic curves of
different flocculants
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Table 4 Results of flocculant optimization test

Settlement Solid flux/ Underﬂqw
No. Name velocity/ (t~h71 -mﬁz) concentration/

(cm'min”") %

1 BASF781 18.34 1.446 65.0

2 SNF615S 13.58 1.070 65.1

3 AL902 7.42 0.585 65.8

4 HI7010 5.57 0.439 64.7

5 Null 0.1 0.008 66.4
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Table 5 Uniformity in factorial designs with mixed levels test

Test Slurry concentration/% Unit consumption of flocculant/(g't™") Uniform performance parameters
N1 15 15

N2 6 20 Centralization deviation=0.0886
N3 12 25 L2-discrepancy=0.539

N4 9 15 Modified discrepancy=0.0978
N5 18 20 Symmetry discrepancy=0.2154
N6 35 Wrap-around discrepancy=0.1428
N7 30 Condition number=1.0000
N8 12 25 D-Superiority=0.0025

N9 15 35 A-Superiority=0.1

N10 18 30

Note: Smaller the uniform performance parameter, the better the test scheme.
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Fig. 4 Characteristic curve of flocculation sedimentation

test
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Table 6 Results of flocculant test

No. Settlement y(illocity/ Solig ﬂl{)zi/ Underﬂ_ow
(cm'min ) (tth -m ) concentration/%
N1 8.44 0.852 65.0
N2 27.1 1.020 61.1
N3 18.34 1.446 62.1
N4 16.21 0.936 63.2
N5 5.80 0.720 65.1
N6 23.06 1.332 60.2
N7 35.08 1.32 60.1
N8 18.34 1.446 62.0
N9 10.58 1.152 61.3
N10 7.83 0.972 64.1
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Table 7 Correlation coefficient of regression equation and

t, p value

Regression Regression —Standard Significant
equation coefficient coefficient level, p
R(Y, X)) 0.2333 4.0535 8.8902  0.0003
R(Y, X;) 0.1698 4.9189 9.3302  0.0002
R(Y,X>)  —0.0102 —4.2908 10.7522  0.0001
R(Y, X))  —0.0029 —4.1762  8.4046  0.0004
R(Y, X\.X;)  —0.0006 —0.3402 1.1785 0.2916
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Fig. 5 Response surface analysis of flocculant

sedimentation characteristics
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Fig. 6 Sensitivity of solid flux to unclassified tailings

concentration
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Table 8 Optimal scheme
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Fig. 8 Settlement characteristic curve of optimal scheme
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Fig. 9 Experimental device of dynamic flocculation

sedimentation test

Unit consumption of
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Slurry concentration/% flocculant/(gt )
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Measured value

Error%
Predicted value

10.6 28.5
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Table 9 Dynamic flocculation settlement test scheme

Floceulant Flocculation Unit consumption of Slurry speed of rabble Feeding speed/
concentration/% flocculant/(g-t™") concentration/% frame/(r-h ") (mL-min ")
100
200
BASF781 0.3 28.5 10.6 8
400
800

FEELE 20 cm BfiE . REGiEEEIZ4T 20 min 5, XK
A RS I AR KA T RS o BhAS BT RIS
R WLFE 10,

F10 B REDFAG S,
Table 10 Results of dynamic flocculation sedimentation
. Underflow Overflow
Feeding speed/ . .
No. (mL-minfl) concentration/ concentration/
% (mg'L™")
1 100 71 50
2 200 69 60
3 400 66 90
4 800 63 110
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the flocculation settlement rules and parameters optimization

Static and dynamic flocculation sedimentation characteristics of
unclassified tailings

SHI Cai-xing"?, GUO Li-jie"?, CHEN Xin’

(1. BGRIMM Technology Group, Beijing 102628, China;
2. National Centre for International Research on Green Metal Mining, Beijing 102628, China;
3. School of Resources & Safety Engineering, Central South University, Changsha 410083, China)

Abstract: The unclassified tailings flocculation sedimentation technology is the core link of the mine backfilling.
In order to study the characteristics of the static flocculation sedimentation of the unclassified tailings, the static
flocculation sedimentation tests were conducted. And the solid flux model of the unclassified tailings flocculation
sedimentation and the optimal matching parameters were obtained by adopting the mixed uniform test scheme, in
which the slurry concentration and the unit consumption of the flocculant were used as the influencing factors, and
the solid flux as the evaluation criteria. On this basis, the dynamic flocculation sedimentation test of the
unclassified tailings was carried out to study the effect of shearing and feeding rate on the underflow concentration.
The results show that the sequence of influencing factors of solid flux is feed concentration > flocculant unit
consumption; When the feed concentration is 10.6% and the unit consumption of flocculant is 28.5 g/t, the solid
flux reaches the maximum value of 1.498 t/(h-m?), and the measurement error of the measured data is only 1.5%;
The dynamic flocculation sedimentation can increase the underflow concentration by 16.4% and has a negative
correlation with the feed rate.

Key words: unclassified tailings; flocculation sedimentation; solid flux; slurry concentration; unit consumption of

flocculants; parameters optimization; mixed uniform design
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