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Fig. 1 Flow diagram of grinding and classification process
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Table 1 The determination of mechnical properties of ores
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Table 2 Particle size of ore feed in semi-autogenous grinding
mill
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Table 3 Scheme of grinding comparison test
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Fig. 2 The yield of hard rock (—80+25 mm) in products with four
grinding cycles



* 60 - LA S AES RV

Bl A7 RBUKF- AR E o PR AT AT DATE 3 52 46
VB BILAN 32 85 14 At O e R A 7 25 T v ) 2
W7 2% Fof 8 Bk T S A T B AL HP Xy B R R

1.32 FHEE MEH7= -2 mm & RbL % = 5%

b A BEHED 95% 1 i 1Y e KR EE R 3.63 mm, HiE
ST WA MR, R A vl R R Y R
W RO AF, 1 D140 mm 5 58 A9 AR ER R A X 30k,
e A FH T AR A A R O 28 B, a2
AT B PR SR, —2 mm B A% ARG A R A TR .
16 4 AR PR TR 56, ©140 mm 7 Z -2 mm &4
W g 7 R B, Wk R 3 AT DL AR 4 R ST
&G, @140 mm 7 A ED 7= 5 —2 mm & #%k 9~
FN 51.45%, B¢ ©120 mm J7 ZE L 8.40 1 4 A5, 1
=2 mm EAERL G T RRIHE E A R TR o F S A P

80

—0— ®120 mm
—0— ®130 mm
—0— ®140 mm
—0— m(®140 mm):m(P120 mm)=1:3

751

3
(=)
T

N
)

—2 mm BLH %
w ()
W o

w
(=]
T

N
w

BNV

3 AW RIS AR (-2 mm) 7R
Fig. 3  The yield of qualified particle size (—2 mm) in products
with four grinding cycles

133 ¥HEAXRBHRRAREEBVEREALRK

i L S0 EE N M S 6 A R S A L 7 A
LR EER, ] LU % e PO R ER 5 25 4 IR R
B 5 BE R 7 G B —80+425 mm B A7 7R -2 mm S A% KL
o y= R P J—0.074 mm R G K (WL K 4) IR PREE A
FIWT S TR RS o DB S W] AT, ) Ee DO AR 4N Bk 7
RLOIEAREBET NG, ©140 mm 7 BEGT ™ M6
—80-+25 mm il A1 ;= R A A, K ©120 mm Jr % FE AL
3.50 N H 43 s —2 mm A A R FT-0.074 mm ki g% 7
AR, A3 AR @120 mm R 8.40 A 315N E
A% A BIR] DA @140 mm J7 RAEZ L) B B
Tl Ry FH B B A AR A

2 BEHEULO EEMRE
oy lE 5 B S ©140 mm SER 7 S A

BT B ©120 mm J5 58 15 W R4 A1 H1 o P 4 5CR
MO, LAZE 1 5.5 mx6.6 m KA [ BEHL R 2 1,

2023 4F
—®— @120 mm
34ar —e— ®130 mm
—0— ®140 mm
- —®— m(P140 mm):m(P120 mm)=1:3
S 32
:;\
N N
& 30
=)
=)
< 28
=~
(=
T
26
24

1 2 3 4
TEIRREL

4 4 WEEDIEFRAE-0.074 mm KL R

Fig. 4 The yield of —0.074 mm particle size in products with four

grinding cycles
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Fig. 5 Comprehensive comparison of grinding product after four
grinding cycle
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Fig. 6 Cylinder model of semi-autogenous grinding mill
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Table 4 Number of particle model in discrete element
simulation

Uk BT A 1% JOE i
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45 mmi)” f1 2.60 876
35 mmf A 5.81 10 889
25 mmfl” f1 45.28 113043
W% 75 % (9120 mm) 100.00 477
12 J7 % (0140 mm) 100.00 295
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Table S Contact parameters in discrete element simulation
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Fig. 9 Motion state of particle in ®120 mm scheme
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Table 6 Energy distribution of different collision types in semi-
autogenous mill
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Fig. 13  Energy distribution of different collision types in semi-
autogenous mill
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Optimization of Steel Ball Size and Discrete Element Simulation Analysis of a
Semi-autogenous Grinding Gold Mine in Yunnan
XIE Haosong', XIAO Qingfei'’, ZHANG Zhipeng', REN Yingdong'

1. School of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;
2. State Key Laboratory of Clean Utilization of Complex Nonferrous Metal Resources, Ministry of Provincial Affairs, Kunming 650093, Yunnan,
China

Abstract: To address the problem of the serious accumulation of hard rock (-80+25 mm) in semi-autogenous grinding
mill of a gold mine in Yunnan, The theoretical optimum size of steel ball was calculated by Duan's semi-theoretical formula
of ball diameter which was based on the determination of mechanical properties and particle size of ore feed. The grinding
cycle test was carried out with the steel ball size as a single variable, and grinding effect was verified by discrete element
simulation analysis. The results showed that the average platts hardness of the ore is relatively large, which is medium to
hard, and there are relatively large brittleness and toughness at the same time. The recommended ®140 mm scheme had the
lowest tendency to accumulate hard rock during the grinding cycle test. After 4 cycles, the hard rock yield was the lowest at
3.89%, 3.50 percentage points lower than the on-site @120 mm scheme, while the —2 mm pass grade and —0.074 mm grade
yield were the highest, 8.40 and 3.15 percentage points higher than the on-site ®120 mm scheme respectively. The
recommended ®140mm scheme was more active than the on-site @120 mm scheme in terms of hard rock particle motion,
more reasonable collision energy distribution, and higher energy consumption and frequency of high-energy collision for
single collision of hard rock by the media. The effectiveness of the recommended ®140 mm scheme for semi-autogenous
grinding to reduce hard rock accumulation was verified from grinding tests and discrete element simulation tests.

Keywords: gold ore; grinding; semi-autogenous grinding; hard rock accumulation; steel ball size; discrete element method
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