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Research on Grinding Energy Consumption of Ball Mill Based on Response Surface Methodology
LI Chen, HOU Ying, ZOU Cuncun , WANG Ziyang » CHEN Peng . LYU Hongxu
(School of Mining Engineering, University of Science and Technology Liaoning, Anshan, Liaoning 114051, China)

Abstract: In order to reduce the energy consumption of ball mill, ZQM250X 100 ball mill was used to study the grinding energy
consumption of an iron ore after high-pressure roller grinding, and the energy required for the newly generated —0.074 mm
grade product after grinding was used as the evaluation standard of grinding energy consumption. The effects of medium filling
rate, ore addition quantity, water addition quantity and mill frequency on the energy consumption of the newly generated
—0.074 mm product, the significance of the interaction between the factors and the optimal test conditions were analyzed and
predicted by the response surface methodology, and the results were compared with the single factor test results. The optimum
conditions obtained by single factor test are as follows: medium filling rate is 40% ., ore addition quantity is 700 g, water
addition quantity is 300 mL (mass concentration is 70%), mill frequency is 50 Hz, and energy consumption of the newly
generated —0.074 mm grade product is 169.54 (kW « h)/t. The response surface methodology analysis show that the mill
frequency has the greatest influence on the energy consumption of the newly generated —0.074 mm grade product, followed by
the medium filling rate, water addition quantity, and ore addition quantity. The interaction between medium filling rate and
mill frequency is the most obvious, followed by water addition quantity and mill frequency, ore addition quantity and water
addition quantity, medium filling rate and ore addition quantity, ore addition quantity and mill frequency, medium filling rate
and water addition quantity. The model prediction based on the response surface methodology shows that the optimum test
conditions are: 39.71% medium filling rate, 698.15 g ore addition quantity, 339.65 mL (mass concentration 67.27 %) water
addition quantity, and 49.73 Hz mill frequency. Under this optimal condition, the predicted energy consumption of the newly
generated —0.074 mm product is 120.53 (kW * h)/t, and the average energy consumption of the verification test is 118.97
(kW « h)/t, which is very close to the predicted value, indicating that the response surface prediction model is reasonable and effective.
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Fig.1 XRD analysis results of test ore samples
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Fig.3 Single factor test results of ore addition quantity
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Fig.5 Single factor test results of mill frequency
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Table 1 Design factors and levels of

response surface methodology

o MREE R kR U
z1/% x2/g x3/mL x4/Hz
—1 30 600 376.92 40
0 40 700 300.00 50
1 50 800 233.33 60
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Table 2 Test design and results

FLEAR/ IATE/ UK/ LR/ REFE/

F5 % g mL Hz (kW + het™1)
1 30 500 348.5 50 189.55
2 30 900 348.5 50 191.85
3 30 700 348.5 40 178.41
4 30 700 348.5 60 190.31
5 30 700 124.0 50 185.38
6 30 700 573.0 50 187.33
7 40 700 124.0 40 182.87
8 40 700 573.0 40 186.56
9 40 700 124.0 60 190.93
10 40 700 573.0 60 185.73
11 40 500 124.0 50 176.22
12 40 900 124.0 50 172.92
13 40 500 573.0 50 175.28
14 40 900 573.0 50 179.76
15 40 500 348.5 40 183.98
16 40 900 348.5 40 180.43
17 40 500 348.5 60 190.35
18 40 900 348.5 60 185.11
19 40 700 348.5 50 120.55
20 40 700 348.5 50 120.55
21 40 700 348.5 50 120.55
22 50 500 348.5 50 195.80
23 50 900 348.5 50 192.48
24 50 700 348.5 40 187.18
25 50 700 348.5 60 185.76
26 50 700 124.0 50 186.31
27 50 700 573.0 50 189.36
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Fig.10 Interactive effect of medium filling rate and mill frequency on the

energy consumption for the generation of —0.074 mm particle size products
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