H52k Ham woR E T Mk kK ¥ ¥ R Vol. 52 No.4
202044 H JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Apr. 2020

T RIS R AR B B A i

ELe HRREY HEE, JEL
(1. Aeb R T Bl TR, b Bl 0632005 2. JbBURHE Foe - A SR TR0, Jb 5T 100083)

W OE: 44487 b vamggy o FEFREE XA EFARRMG T RER. Fl A 4 % X Hopkinson E 4 %
ERFEBEIRA A MATHAT A AN TEA THEEEH L0 NEREYE, E R, RAFEFILDERE GZS-1
EREFO, N T AR R THET FRBSEN AN THIENELE R UET Bom e A sy s E i,
RE AN THEEERG P AR ER N SRR MM RE S8y T E A AR E R FHT
HHd B THRENTAEARER. EREV-MANHEER .7 BRI RER, RETFESEFANES RS KA
FR YPNELGCEENGE IO oA WG ERREFEERAEHA MR ESSEHRBREAT #4710
R EERE, SA NSRS 479 REGE 12118 B, 7 A B T W £ E 547 K3 b M A5 (26.5 mm,37.5 mm) 1 4
A3 (4 mm, 16 mm) B3 B 5 FHRIE(d) ZRABX R, d, BIKT 56.04% ;d, HAEE - ERE, % d, KT,
FREERHFEMHBAEEREMR R, HH 2 AKX ERER #4797 BT SAERERE. FRARRATHET T
BRIFPHGEEN R —25E0M0E.

KB BT TR R RE A LA R

hES#E . TU4S XHRERER: A HEHE: 0367 —6234(2020)04 —0150 - 10

Energy dissipation characteristic of magnetite ore crushing under impact load
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(1. College of Mining Engineering, North China University of Science and Technology, Tangshan 063200, Hebei, China;
2. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In view of crushing magnetite ore in metal mining enterprises, engineering problems exist such as huge
energy consumption and low energy utilization ratio. Split Hopkinson pressure bar device and high-speed
photography technology were utilized in this study. First, the pattern and mechanism of energy migration and
transformation of magnetite ore under impact load were studied. Second, the standard square hole sand and stone
sieve and the GZS-1 high frequency vibrating sieve were adopted to investigate the fragmentation distribution of
magnetite ore, the variation of the average particle size, and the transformation process of ore impact crushing mode
under different dissipation energy. Then, the correlation problem between ore energy dissipation rate and crushing
degree was analyzed with the increase of strain rate. Finally, combining with the basic factors that affect ore
fragmentation distribution, the prediction model expression of the average particle size of magnetite ore was derived.
The research shows that with the increase of incident energy, the decrease of ore wave impedance changed the
transmission coefficient and the reflection coefficient between ore and pressure bar, and affected the distribution of
each energy in incident energy. It means that the energy dissipation rate and the energy reflectance increased, but
the energy transmittance decreased. The higher the dissipated energy was, the severer the degree of ore broken
was. When ore dissipated energy is increased from 14.79 ] to 121. 18 J, the main distribution region of ore
fragment size moved from the coarse-grained end (26.5 mm, 37.5 mm) to the fine-grained end (4 mm, 16 mm).
There was a subtractive logarithmic relation between dissipated energy and average particle size (d,), and d,
reduced by nearly 56.04 % . There was a critical value in d,. When d_ was greater than this value, there was a
positive correlation between energy dissipatation rate and crushing degree. Conversely, there was a negative
correlation between them. At this value, the magnetite ore could be broken optimally. The results have certain
reference value for the control of energy consumption in the crushing process of magnetite ore.
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Tab.1 Statistics of energy distribution data under impactload
s Wil UE/MPa L/D S/ (grem ™) EHAREE/s AGTRB/T FEHLER/T Sz it hE/ T FESTRE/T
CJ0.6-2 0.6 0.55 3.51 31.02 83.28 14.04 3.4 65.80
CJ0.7-1 (i F ) 0.55 3.35 34.84 88. 64 14.79 4.74 69.11
CJ-0.8-2 0.8 0.56 3.47 40.87 101.22 20. 86 5.85 74.51
CJ0.9-3 0.9 0.54 3.56 44.30 143.45 42.76 7.14 93.55
CJ-1.0-1 1.0 0.55 3.40 52.29 167. 68 45.52 9.45 112.71
CJ-1.1-2 1.1 0.56 3.37 59.03 211.96 68.11 19.72 124.13
CJ-1.2-1 12 0.55 3.59 68.43 254.65 84.63 26.12 143.90
CJ-1.33 1.3 0.55 3.31 73.85 239.29 83.69 23.26 132.34
CJ-1.4-3 1.4 0.54 3.34 76.83 259.52 88.12 23.00 148. 40
CJ-1.52 1:5 0.55 3.46 81.18 322.43 106.11 38.33 177.99
CJ-1.6-1 1.6 0.54 3.50 89.09 316.78 121.18 33.13 162.47
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Fig.7 Pre-failure state of ore under three strain rates
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Tab.2 Screening test results of the fragment size of magnetite ore

fif &R B (0.01 g)

o
W R o <05mm <lOmm <2.0mm <4.0mm <9.5mm <160 mm <19,0 mm <26.5mm <37.5mm | RE/mm
CJ0.7-1 14.79 0.04 0.18 0.13 0.31 0.16 1.35 2.95 12.80 36.44 123.42 28.41
C]0.82 20.8  0.26  0.50  1.00  2.04  1.68 823  7.30  12.70  34.68 104.84 26.11
cJ0.93 42.76 0.09 0.13 0.25 0.55 0.64 3.03 4.50 18.16 91.39 51.51 24.24
Cl-1.0-1  45.52  1.00  1.52  2.46  3.74  3.39  12.10 18.87 24.19 47.12  53.92 21.16
cl-1.12 6811  0.07 0.12 032  0.79  0.78  9.06  25.52  33.49  55.18  20.42 19.80
CJ-1.2-1 84.63 0.10 0.24 0.54 L. 33 1,25 9.85 40.75 39.61 22.46 20.42 17.94
Cl-1.33 83.69  0.15  0.37 075  1.55  1.38  16.84 44.16  30.27  69.63 0 16.95
CJ-1.4-3 88.12 0.27 0.68 1.20 2.60 1.92 20.17 51.22 32.99 46.95 12.74 16.71
Cl-1.52 106.11  0.28  0.58  1.22  3.60 4.0l  29.91 5440 27.79  38.30 0 14.19
Cl-1.6-1 12118 2.61 212 3.20  6.16  4.80  37.53 5759  14.53  32.80 0 12.49

T A2 Wy =14.04 ] (45 : CI-0. 6-2) 0™ F RS RA WI Bk, SOA JEA 7 Bk BE A 23 BF 5.
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Fig.9 Dissipated energy and ore fragmentation distribution
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Fig. 10 Dissipated energy and average particle size
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Fig. 11 Failure modes of magnetite ore under different dissipated energy
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Fig. 12 Strain rate and the dissipated energy
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