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Abstract: To reveal the energy consumption patterns of irregular ore particles under impact crushing, impact crushing tests
were conducted on six types of iron ore with different properties, and the fractal characteristics of irregular iron ore
fragmentation were analyzed, as well as the size effect on average particle size of fragments, fractal dimension, and unit
absorption energy. Then, the energy consumption model of irregular single particle crushing was established. The results show
that the average particle size of fragments, fractal dimension, unit absorption energy all exhibit a power function relationship
with initial isosphere diameter under the same impact conditions. As the isosphere diameter of the particles increases, the
average particle size of the fragments gradually increases, and the fractal dimension and unit absorption energy gradually
decrease. There is an increasing relationship with power function between unit absorption energy and average particle size of
fragments. The relationship between the logarithm of unit absorption energy and fractal dimension shows a linear increase.
Through the method of ore crushing tests of irregular single ore particle, relationship models of unit crushing energy
consumption of irregular iron ore particles changing with the initial size, average particle size of fragments, and fractal
dimension were established, with an average correlation coefficient of 0. 789, which effectively describes the energy
consumption pattern of ore crushing.
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Table 1 Density and uniaxial compressive

strength of iron ores

BE i 45 W/ (g/em®) TR 5/ MPa
CL1 2.503 68.257
CL2 2.634 75.781
CL3 2.642 37.890
CL4 2.751 128.410
CL5 2.641 62.790
CL6 3.159 63.890
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Fig.1 Irregular iron ore samples
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Fig.2 Mass and isosphere diameters of iron ore samples
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Fig.3 Grading curves of typical iron ore fragments

under drop hammer impact
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Fig.5 Average particle sizes and crushing ratios of fragments
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Table 2 Fitting results of the relationships
between isosphere diameter and average

particle size, fractal dimension
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¥ RS- M AR BB 43T 4 B
ai by MIRRE a b AH O R EL

CL1 0.007 2.126 0.830 3.623 0.145 0.706
CL2 0.380 1.049 0.460 3.598 0.148 0.556
CL3 0.067 1.535 0.602 4.080 0.187 0.649
CL4 0.010 2.111 0.673 3.922 0.172 0.549
CL5 6.72X107* 2.849 0.783 2.949 0.089 0.361
CL6 0.008 2.163 0.713 3.175 0.112 0.652
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Table 3 The fitting results of the relationship between unit

absorption energy and isosphere diameter
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Table 4 Fitting results of the relationship between unit

absorption energy and parameters of crushing characteristic

A I A RE A I RE XS K

e TP H R 2 I Y%L

m t HHCREL s P AR ZR KL
CL1 2627.6 —0.752 0.856 1.403 0.110 0.723
CL2 152.9 —0.333 0.475 1.342 0.114 0.576
CL3 390.6 —0.470 0.603 1.172 0.134 0.694

CL4 1599.5 —0.651  0.700 1.313 0.120 0.558
CL5 15 784.1 —0.987 0.792 1.690 0.066 0.350
CL6 2 432.8 —0.730  0.702 1.583 0.082 0.643

2k 1 k HXRRH
CL1 4,674 X107 3.023 0.982
CL2 2.269X107 2.829 0.973
CL3 3.953 X107 2.983 0.967
CL4 3.071X107 2.921 0.971
CL5 2.298 X107 2.815 0.995
CL6 3.070X 107 2.952 0.996
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Fig.10 Coupling relationship surfaces of unit absorption

energy with average fragment size and fractal dimension
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Table S Fitting results of the coupling model between

crushing energy consumption and crushing degree

LiACEIR C TS
CL1 9 803.8 0.837
CL2 11 845.3 0.727
CL3 12 622.7 0.841
CL4 11 701.5 0.713
CL5 11 154.1 0.769
CL6 11 183.3 0.898
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Table 6 Fitting results of energy consumption model

for irregular particle crushing of iron ore

T
g . k : €/ )
4% € <4 (U/ke)  RX
CL1 1.07X101 —4.,349X 108 8 407.3 261.40 0.831

CL2  3.92X10% —1.745X107 10 074.5 214.30 0.699
CL3  1.05X10% —3.694X10* 11 392.8 160.10 0.823
8 473.3
9 568.2 252.86 0.744

CL4  3.20X10% —1.817X10° 406.50 0.750
CL5  7.10X10% —2.892X107

CL6  3.79X10" —1.573X10° 10 366.6 155.10 0.889
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