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Table 1 Physical properties of total tailings

Specific Loose Bulk .., Moisture
. . . Porosity/
gravity/  density/  density/ o content/ value
(tm?)  (m?)  (tm?) ’ %
2.59 1.36 1.6 47.5 2.5 10.5

&2 RN

Table 2 Chemical analysis of total tailings (mass fraction, %)

TFe FeO SiO, CaO MgO Al,O4

8.92 6.26 67.75 3.44 4.78 1.48

MnO S P Ig Other

0.31 0.25 0.074 1.12 5.62

1.2 ZEF
2R R T RE T LA AR B AL BHES T
R AER A 3 B, R ae ik F ) 2R v b 5L 1A

R®3I3FRA ARG R
Table 3 Test results of three types of flocculants
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Fig.1 Analysis results of total tailings particle size
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5 TR R WE(NPAM, M 2> T &8 1000
J3)e

2 FRGTERNNIE

X F AR RN IR B (1 A B2, ANIF
ZEFIR R BB SRR ER . N TIEIA
LR, RAEHAREEAT IR, BRI
FVE B RFE L) S R BTIIR B AR RS, IR AR
R ZUEERI (P 257 1500 73 BHE 7371 60 AR
T 1000 JHRATIRES, F S54RI HREE DT
TPt AT . HARE 7 R M 4E Rk 3 fios, HARDT
B 2R 3 P B () 2Lk R th 20t th gt S an B 2
FizR.

MK 2 ATUUEH, SR AR EIREN, Tk
IR A P . N S i G T R M ) 2 S

Group Type Total tailing§ mortar Floccul?nt unitﬁ1 Flocculant s.olution Underﬂ'ow
concentration/% consumption/(g.t ') concentration/%  concentration/%
A APAM 67.86
A, CPAM 20 18 0.3 77.39
A NPAM 76.12
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Fig.2 Analysis results of total tailings particle size
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Table 5 Design and results of response surface analisis

3 ZRREINIE

3.1 ZECTREIRI T
ERWKABIIEARE T EZ LR RKIKE
(TTMC). ZEFBFE(FUC). L EETVA IR E (FSC)
3 AMHEFE LSRR BRI, 4 3 FEd
BRI A R A% A R i 2R DT B R T HL AR 6 2%
BEACRA . AT IR AR R RIRE X, SR8
FE X0 BUBRITE WO BE X & R 38 B A8 HAE R X kER
JECIAL I A B (LA R TR AR I IR IR FE) Yy RN Y, %5
LB RO 52 I E i R IS L T %8, ARAE T
I SR 2RI 2 A RS IR T 18%~22% 2Lk
FIEFER 35~45 g/t. BB ER 0.2%~0.4% 7
4o 4 LRI Design-Expert 24+ ) Box-Behnken 15
TH T =R KRR, BRI T R UE 4 s

32 HEER
BARRIG 5 BAGE R WZE 5 fror, 3K Desing-

Ra R K R AR

Table 4 Factors and levels of response variables

Code Code TTMC/ FUC/ FSC/

value level % (gt %
X -1 18 35 0.2
X, 0 20 40 0.3
X; 1 22 45 0.4

Code value Experimental value Model calculated value
Number ) 1
- X = [;ﬁ’/o Yz/?n\;h*l) ;lj /(0:/0 Yz/(fn\fh*)

1 0 1 1 67.09 12.41 67.16 12.44
2 0 0 0 65.79 10.26 65.76 10.24
3 -1 1 0 60.68 9.93 61.06 10.16
4 0 -1 1 67.54 9.28 67.99 9.65
5 1 1 0 63.68 4.57 63.66 4.67
6 0 1 -1 66.32 12.99 65.88 12.62
7 -1 -1 0 61.51 6.92 61.50 6.81
8 1 0 -1 65.89 4.88 66.33 5.14
9 1 -1 0 64.34 1.63 63.96 1.60
10 -1 0 -1 64.24 10.70 64.21 10.83
11 0 -1 -1 65.85 8.82 65.78 8.79
12 -1 0 1 65.98 11.19 65.54 10.93
13 1 0 1 68.66 5.85 68.59 5.72

1) UC: Underflow concentration; SV: Setting velocity.
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Fig. 3 Comparison of calculated and experimental values of

response surface model: (a) UC model; (b) SV model

e I EVEL Sy =)
Table 6 Analysis of variance with regression model of different response surfaces
Source of Square sum Mean square F value P value
variation Y, Y, Y, Y, Y, Y, Y, Y,
Model 62.13 148.36 6.90 16.48 44.27 201.61 <0.001 <0.001
X 12.90 59.46 12.90 59.46 82.75 727.17 <0.001 <0.001
X, 0.27 21.95 0.27 21.95 1.73 268.39 <0.001 <0.001
X3 6.07 0.22 6.07 0.22 38.94 2.74 0.004 0.0015
XX, 7.23 1.23 7.23 1.23 14.06 15.23 <0.001 <0.001
XX 0.27 0.058 0.27 0.058 1.70 0.70 0.2334 0.4290
XX 0.21 0.27 0.21 0.27 1.36 3.31 0.2822 0.1118
X} 14.76 54.83 14.76 54.83 94.67 670.61 <0.001 <0.001
X3 7.85 3.33 7.85 3.33 50.31 40.67 0.0002 0.0004
X3 21.79 9.52 21.79 9.52 139.75 116.44 <0.001 <0.001
Residual 1.09 0.57 0.16 0.082
Net error 0 0 0 0
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Fig. 4 Effect analysis of single factor on response variables:

(a) Underflow concentration; (b) Settling velocity
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Fig. 5  Effect analysis of response surface parameter

interaction: (a) Underflow concentration; (b) Settling velocity
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Fig. 6 Flocculant action mechanism and flocculating settling process: (a) Adsorption and neutralization; (b) Bridging effect;

(c) Flocculation settlement
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Selection and optimization of flocculation sedimentation parameters of
unclassified tailings slurry based on RSM-BBD

WEN Zhen-jiang" % YANG Xiao-bing" %, LI Li-tao" %, GAO Qian" % WANG Zhong-hong®

(1. Key Laboratory of High Efficient Mining and Safety of Metal Mine, 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. Design and Research Institute of Angang Mine, Anshan 114002, China)

Abstract: In view of the problems of low bottom flow concentration and slow settling speed in the flocculation settling
of finer whole tailings in Angang mine, the flocculation settling effect was improved by selecting and optimizing
flocculation settling parameters. Firstly, the physicochemical analysis of test materials, such as total tailings and
flocculants, were carried out, and the flocculants were optimized on the basis, of which the flocculants types were
determined. Secondly, 13 groups of tests were designed and carried out by Box-Behnken Response Surface Method
(RSM-BBD) in Design-Expert software. Based on the test results, the response surface regression model was established,
and the various factors and their interaction were studied for flocculation and sedimentation of total tailings. On this basis,
the multi-objective programming was used to optimize the proportion of parameters, such as the total tailings mortar
concentration(TTMC), the flocculant unit consumption(FUC)and the flocculant solution concentration(FSC). The results
show that the flocculation settling of the total tailings is affected not only by single factor, but also by interaction of
multiple factors. The optimum parameters are 19.79% of the TTMC, 37 g/t of the FUC and 0.2% of the FSC. The
validation test with these parameters show that the underflow concentration(UC) is 69.55% and the settling velocity(SV)
is 10.39 m/h, which meet the requirements. Finally, the mechanism of the total tailings flocculation settling is analyzed,
which provides theoretical support for the design and optimization control of the whole tailings flocculation settling
parameters.

Key words: filling mining method; total tailings; RSM-BBD; flocculation sedimentation; multi-objective optimization;

flocculation sedimentation mechanism
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