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Abstract: A method was proposed to accurately control the medium consumption in dense medium coal preparation
plant. Firstly, three key influencing factors including the amount of the spray water (C). coal slime content of qual-
ified medium liquid (F) and diluent medium liquid (G) were identified by the causal matrix. Then raw coals with
grain size of 0. 5-50 mm and ash content of about 20% were selected as the main materials for experiments which
were designed and carried out by using response surface methodology to develop the second order polynomial empiri-
cal response function between key influence factors and medium consumption. Finally, desirability function and least
square method were used to obtain the optimal values of the key influencing factors of C, F and G to pursue the low-
est medium consumption level, which is 1.2 MPa/m®, 25% and 31. 4% respectively. With the key factors set by the
optimal values, the medium consumption of the plant were reduced from 1. 33 kg/t to 0. 317 kg/t. The results of
application show that the proposed method in this research can provide effective decision-making guidelines for dense
medium coal preparation plants in medium consumption reduction and cost saving.
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Fig. 1 Process flow chart of medium using in raw coal separation process
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Tab. 2 Synthetic table of float and sink test of raw coal of 0. 5-50 mm
FER /% Zit
% - -
- T ft/kg WA/ % ) i
/(kg/L) A et
MR/ HAekE/% w5y /% FEER /% R4y %
1.00 2. 00 3.00 4,00 5. 00 6.00 7.00 8. 00 9.00 10. 00
—1.30 0.52 7.40 6.07 3.61 7.40 6.07 3.61 100. 00 20. 27
1.30~1.40 4.41 62.73 51.46 7.19 70.13 57.53 6.81 92. 60 21. 60
1.40~1.50 0.75 10. 67 8.75 13.57 80. 80 66. 28 7.70 29. 87 51.85
1.50~1. 60 0.19 2.70 2.22 22.85 83. 50 68. 49 8.19 19. 20 73.12
1.60~1.80 0.09 1.28 1.05 34.01 84.78 69. 54 8.58 16.50 81.36
+1.80 1.07 15.22 12. 49 85. 34 100. 00 82.03 20. 27 15.22 85. 34
At 7.03 100. 00 82.03 20. 27
i e 1.54 17.97 17.97 20.13
S8 8.57 100. 00 100. 00 20. 24
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Tab. 2 Medium consumption of the coal preparation plant in 2015 kg/t

Hh 1 2 3 4

7 i A 5T T FE 0.87 0.88 0.9 0.52 0.82 0.77 0.91 0.85 0.82 0.56 0.87 0.81 0. 80
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PIIRIER 1.35 1. 50 1.48 1. 04 1.30 1.25 1. 40 1.38 1.37 0.97 1. 49 1.39 1.33
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Fig. 2 Causal matrix model
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Tab. 3 Causal matrix of key factors

A JO T #E K o S B TR A
¥ S T FEER A AR (Y ) RN BHFE(Y ) 54y
8 6
1 Ji A 7K A (O 9 5 102
2 B AW B (F) 7 5 86
3 N WRR &' G 5 7 84
4 A I ECAR X 5 B (A)D 5 5 70
5 A ORI (B) 5 5 70
6 Tl A VR T 5 (D 3 7 66
7 JiE A 7K (D) 5 3 58
8 W CHD 1 7 50

9 PRHE R (E) 3 3 42
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Tab.4 Factors and levels

K+ Wi KA (C) /(m? /1) AWM AR/ % N WHLR & B (G /
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Tab.5 Test data

b 7 BT s 8 X £ c F G YA SR #E)
10 1 0 1 0.8 0.275 0.325 0.55
3 2 1 1 0.4 0. 300 0. 300 0.68
7 3 1 1 0.4 0. 300 0. 350 0.75
1 4 1 1 0.4 0. 250 0.300 0.52
9 5 0 1 0.8 0.275 0.325 0.56
8 6 1 1 1.2 0. 300 0. 350 0. 50
2 7 1 1 1.2 0. 250 0. 300 0.19
5 8 1 1 0.4 0. 250 0. 350 0.56
6 9 1 1 1.2 0. 250 0. 350 0.43
11 10 0 1 0.8 0.275 0.325 0.58
4 11 1 1 1.2 0. 300 0. 300 0. 50
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Fig.4 Residual plot of Y
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Tab. 6 Design and data of the second batch of experiments

i BT B X 41 C F G H/iE Y
9 1 —1 1 0.4 0.275 0. 325 B 0.55
15 2 0 1 0.8 0. 275 0. 325 £ 0.55
12 3 —1 1 0.8 0. 300 0. 325 5 0.51
8 4 1 1 1.2 0. 300 0. 350 [ 0.50
14 5 —1 1 0.8 0.275 0. 350 B 0.61
10 6 —1 1 1.2 0.275 0.325 B9 0.41
19 7 0 1 0.8 0.275 0. 325 B 0.56
3 8 1 1 0.4 0. 300 0. 300 (SR ¢ 0.68
5 9 1 1 0.4 0. 250 0. 350 i 0.56
6 10 1 1 1.2 0. 250 0. 350 i 0.43
2 11 1 1 1.2 0. 250 0. 300 £ 0.19
11 12 —1 1 0.8 0. 250 0. 325 BE R 0.47
17 13 0 1 0.8 0.275 0.325 [0 0.58
7 14 1 1 0.4 0. 300 0. 350 B 0.75
20 15 0 1 0.8 0.275 0. 325 s 0.55
1 16 1 1 0.4 0. 250 0. 300 £ ik 0.52
4 17 1 1 1.2 0. 300 0. 300 £ i 0. 39
16 18 0 1 0.8 0.275 0. 325 F 0.55
13 19 —1 1 0.8 0.275 0. 300 5 0.63
18 20 0 1 0.8 0.275 0. 325 ot 0.57

185 B AR AR K B AR A 20 BT 25 800 1 o S P AR AR AT A 30 1 S L Y B AE B 95 Yol CLF .G = A
PRl 1 =800 LA K C X897 5 R G B 19 P 7 TRy P B 43 51 2 0,0, 001,0. 014,0. 036 F1 0. 029, ¥ /)
F 0. 05, UGB LIR30 . 40 HT 25 3 B0 3 0 () B PSSR HEAT R 5 . A BT A R WO LR 22 R R
ZEME 43t R-Sq=91. 56 % . R-Sq(J#%) =83. 97 Vo , U B Z A AU 0 & B b AC AR s [T 19 P =0 436 B [m] ) 45
RUZ R E W R P=0. 127 ULBABA AU O . B ) A R B T 0 7 45 2R 25000 0 RN AR AT I 7
PTG BN I 22 AT 40T iR 22 ] 5 AT A AR a2 IR N IE S A, B SIS 2 R B A S 2. 5
5 22 ) S B BE AL A G 2R L BB AR 25 AR A 00Kk (5% T 7 55 8% 25 1 3% 25 RIS A 2 B I A 25 il sl WUE L
VLI IR 2275 5 2RO
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Fig.5 Integral residual plot
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Tab.7 Estimated regression coefficients of Y

5 ES 4 B AR R 22 T p
W 0.548 00 0.018 03 30. 399 0. 000
C —0.114 00 0.017 00 —6.708 0. 000"
F 0. 066 00 0.017 00 3.883 0.002*
G 0. 044 00 0.017 00 2.589 0.021~
CxC —0.090 00 0.030 04 —2.996 0.010"
GxG 0. 050 00 0.030 04 1. 664 0.018"

W x HRZIMEE;S = 0.003 745 4; PRESS = 0. 098 984 6;R-Sq = 84. 41% ; R-Sq(Ji%&) = 82. 14%

I 28 1A Sk 5 B2 T [R5 A9 BT AR Y 5 R AR N
Y = 0.615C+ 2. 64F — 50. 24G — 0. 635C" + 80G* (2)
5 ENRER ARERERSHEMLML

B 56 FBERL 2O A F AR e DR 7 A2 A A O 2545 2 28 o SR T8 3 o 30006 58 1 1) 77 1 R ik 4%
FRWN TR RCEUE . § 5. BUE RN AR Y 8% 20K 2 5 B THE L A5 B PR AT Al BURR E B Y
R EAR I 0.35 kg/t. FERI 0.1 kg/t MLE A 1PN 1.
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Tab. 8 Variance analysis of Y

e A Seq SS Adj SS Adj MS F P
EyE] 5 0.218 880 0.218 880 0.043 776 15.15 0. 000"
2R 3 0.192 880 0.192 880 0.064 293 22.26 0. 000

C 1 0. 129 960 0.129 960 0.129 960 44,99 0. 000

F 1 0. 043 560 0. 043 560 0. 043 560 15. 08 0. 002

G 1 0.019 360 0.019 360 0.019 360 6.70 0.021

Sy 2 0. 026 000 0.026 000 0. 013 000 4.50 0.031

c*C 1 0. 018 000 0.025 920 0.025 920 8.97 0.010

GG 1 0. 008 000 0. 008 000 0. 008 000 2.77 0.018

B 25 1R 2% 14 0.040 440 0. 040 440 0.002 889

EE 9 0.039 640 0.039 640 0.004 404 27.53 0.219

4l iR 22 5 0.000 800 0. 000 800 0.000 160

Hit 19 0. 259 320
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Fig. 6 Response optimization diagram
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6 ENFEER MEUERESKEAERMES T

Fe NGB I 2 B0 B AT A 7, 15 1) 2016 4R R R ARIY A BB FE UL 9 B, 25 H 0. 317 ke/t, 5
KB B FEKF 1,33 kg/t MILL A BHFE W] AR . FZREER OB M i 1 000 JT/¢ THI . 45 MBS St
T AE AR : 1 0000, 001 013=1.013(J0).

x9 2016 ETFHENRFFEIER
Tab.9 Medium consumption in the second half of 2016

A 7 8 9 10 11 12 1y
AR AE/ (kg/ O 0.32 0.34 0.33 0.29 0. 30 0.32 0.317
7 g

R SE B A TR AT A0 BT R ARG M TR R DR SRR I AR 7t R O T X E A SO T A B AR
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