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Fig. 1 Particle size characteristic curve of feed

SR PE B e A B A - KRR IR 3 45950, 1T 1000 mL
AT D AR HICURE A9 B 6, 3 0.7 M8 A 1R 1) S5
o CRPURER A B AL AR 22 46 R i B LA — s
e e B Gl 4 2 70 v/imin) o BE A5 KT RE L 0.15 mm
0 284 ) 7 1 0,15 mm 5 7L LR 4 0 R IR
i Gyo TEHEZE 3 G, (HT, B RESR/MEZ ZEA
M X =A Gy, FRIE Y 3% I, WAk 5256 1k )7
iy, GEAER

S E, LI AR E T L = A AR G,
B l:2.5 g/,

FED M B 7 OB R Y G, BB EE S,
Xof S 2 S A7 i HEATORE BE G AT, 22 17 iR BE R
2k, ILIE 2,
I 2 ] 1, e 2R 7 i 80% Y kil ik
100 ——
80 |
=
60
§ 40 -
B
20 -
0 Il Il Il Il Il Il
00 05 1.0 15 20 25 30 35

FiE /mm

B2 e R A R R i
Fig. 2 Test sample final grinding product size characteristic
curve



© 62 LA S AES RV

2023 4F

kB RSE Pyy A 113 um

BRI D)6 BT 5 8 A B T S 56 FURLEE 3 A R AR
@J P]\ Gbp\ PSO\ Fgoﬁ, Ijl'.ﬂ%%
F 2 BREE DR BOM G E 45

Table 2 Measurement results related to ball milling power
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Table 3 Grinding solution for semi-autogenous grinding
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Table 4 Spring stiffness and damping coefficients used in the
contact model
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Table 5 Meaning of parameters
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Table 8 Contact parameters
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Table 9 Simulation scheme for semi-autogenous mills
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Table 6 Parameters used in the simulation of the semi-self-
grinding (SAG) machine
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Table 7 Material parameters
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Fig. 3 Comprehensive indexes of grinding products with
different grinding media grades
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Fig. 4 Movement of semi-self-grinding particles under field grading and recommended grading: (a) @150 mm steel balls (b) n(®150 mm) :
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Fig. 5 Tangential collision energy spectrum of hard rock particles with different steel ball grading: (a) Field grading; (b) Recommended
grading
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Table 10 Energy utilization of hard rock in tangential collision
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Fig. 6 Normal collision energy spectrum of hard rock particles with different steel ball grading (a)Field grading(b)Recommended grading
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Table 11 Naughty stone method to collision energy utilization
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Comparative Experimental Study of Multi—stage Ball Distribution to Improve the
Efficiency of Semi—autogenous Grinding
GUO Hongchen"’, XIAO Qingfei'?, LI Yunxiao’, ZHOU Qiang"**, LIU Xiangyang'*’

1. Kunming University of Science and Technology. State Key Laboratory of Clean Utilization of Complex Nonferrous Metal Resources, Kunming
650093, China;

2. School of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093;

3. State Key; Laboratory of Mineral Processing Science and Technology, Beijing 100070, China;

4. State Key Laboratory of Automatic Control Technology of Mining and Metallurgical Processes (Beijing); Beijing 100070, China

Abstract: A single ®150 mm steel ball media size in a semi—autogenous grinding ball mill in an iron ore plant in
Panzhihua, Sichuan does not match the feed size and the mechanical properties of the ore, and the single steel ball size
leads to high mill energy consumption and low efficiency.The maximum ball diameter of 150 mm was determined by using
Bond Gong ball mill index test and Azzaroni formula, and the recommended steel ball grading of m(®150 mm) :
m(®120 mm)=1 : 2 was verified to be the best by grinding test in a small mill with DxL 450x450 mm. The recommended
steel ball gradation was finally confirmed to be the best. In this study, the results of laboratory grinding tests showed that
the recommended steel ball grading reduced the stubborn yield by 0.32 percentage points and increased the yield of .74
mm by 3.20 percentage points compared with the on-site steel ball grading; the results of discrete element (DEM)
simulation experiments showed that the recommended steel ball grading increased the tangential collision energy utilization
by 2.98 percentage points and the normal collision energy utilization by 1.90 percentage points compared with the on—site
steel ball grading. The results of discrete element (DEM) simulation experiments show that the recommended ball gradation
has improved the tangential collision energy utilization by 2.98 percentage points, the normal collision energy utilization by
1.90 percentage points, and the collision energy to the liner plate by 306.9 J. Thus, it is verified that multi—stage ball
gradation can improve the energy utilization of semi—autogenous grinding ball mill.

Keywords: bond work index; multistage ball allocation; semi—self—grinding; collision energy distribution; discrete
element; tenacious stone
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