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Fig. 1 Particle size characteristic curve (a—cyclone feeding; b—cyclone sedimentation; c—cyclone overflow; d—ball mill discharge)
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Table 1 Material parameters used in the DEM simulations
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Table 2 Contact parameters in discrete element simulation
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Fig. 3 Crushing behavior of different size steel balls on iron ores with different particle sizes (a—@®50 mm steel ball; b—@®40 mm steel

ball; c—@®30 mm steel ball; d—@20 mm steel ball)
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Fig. 4 Effect of ore feeding size on specific crushing rate under different sizes of steel balls (a—@®50 mm steel ball; b—@®40 mm steel

ball; c—@®30 mm steel ball; d—@20 mm steel ball)
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Fig. 5 Crushing behavior of different size steel cylinder on iron ores with different particle sizes (a—DxL 45 mmx50 mm; b—DXL
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Fig. 6 Effect of ore feeding size on specific crushing rate under different sizes of steel cylinder (a—DxL 45 mmx50 mm; b—DXL
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%14

FORTR, S5 TR 3 )2 S B HOT T BT A R AR S R 5 © 33 -

N, — BB SRR B R A R T @50 mm B ER R
K, BEW A T B BN ELME AR A, 5
— 843 S R R AR [ A B R AR AN R RS B D, N
BRZ A FLBR Rk, ER 58 22 (8] A0 Rl B b,
I FENLBE A I . @40 mm B BRTE XF—2+0.9 mm $i
e T A I AR I R 3K 3 K 0.96 min; @30 mm
R XF—0.45+0.3 mm K7 2 B9 KB A 1 R A 5 R Gk )
K 1.13 min™; @20 mm R X —0.3+0.18 mm K7 2% A%
RO A B AR B R A B K 118 min '

B 5 5 6 55 A AS [R] RST 80 BEA B % gk
() BB TR AT A B 5 0 IR T S A R 0 A 1 23R 11 52 T
P P HR RO T A AN B B R T O A A — B
JER 5 12 07 B . DXL 45 mmx50 mm 49 B 7E X —5+
2 mm KL R AT A R B %R 5K 31 R K 0.84 min’,
TE/NF =52 mm BT, DXL 35 mm>40 mm A4 B¢ 76X
2~0.9 mm KL AR A BRI R R B IR R 0.62 min''s
DxL 30 mmx35 mm 8 Bt 7£ Xt —0.45+0.3 mm i 2% 1) 42k
W A7 % W B 3 2R 38 B fe K 0.76 min'; DXL 20 mmx
25 mm 89 BE E XF—0.3+0.18 mm K7 9% 1Y 2k 57 7 Bk B
FIRF K 1.05 min',

X AN T] R~ 0 3k A A B % A [ b 0 A ) e
FCRERE R, A L& PR HE-+2 mm B4 0 4, @50 mm
FRER 5 K R 268 0.76 min', 1fij DXL 45 mmx50 mm
B B e R M R R AR 0.62 min, AN ER FEAR T
0.14 min"'o [RI I, HRER TR 9% A0 i A ol A0 T B

212 B NRERT RHR

X 25 58 A T RSE KIN, 1 A0 OAE 1) o 1 38 3% i
AR BRI B R, SRS R B B KA, X
RUSE A 5 7 A e A R R B4 X35, IR B8 A 50 e
o IRFSE R, R ANERVE MBS/ i), @50 mm
X} N —5+2 mm Fi % . @40 mm X} [ —2+0.9 mm B 2% |
@30 mm X} i —0.45+0.3 mm ¥/ 2% . @20 mm X} L/
—0.3+0.18 mm A7 Z I GE 8 7 A= Fe A (0 B T RICR s SR
W B AE R BE WA T IE, DXL 45 mmx50 mm X [ —5+
2 mm F7 g% . DxL 35 mmx40 mm X} if —2+0.9 mm F7 2% .
DxL 30 mmx35 mm Xf . —0.45+0.3 mm %7 2% . DxL
20 mmx25 mm X} i —0.3+0.18 mm ki 2% fig 0% = 4 f 4
(RSB AR

FEVETR AT 208 YA (+2 mm, —2+0.45 mm,
—0.45+0.3 mm, —0.3+0.15 mm), $11[%:—0.15 mm 5 #5 ki
Gy, i 4315 B KB PR GO0 PR AR R A
fRFE FHCER . BB B i 5 ek — 2, 25 R
Jt i A L 3.

21.3 2R %K ET X

S35 B LS K DXL 240 mm*300 mm [ 52 55 %
BRIEAL, 52500 FE g 0660 mm E T #5 TTLAY, BEW /) i

® 3 HREBHLN BRI
Table 3 Ball mill media gradation

4 BE-02mmfE HEK B

BB e 5 7 %% R mm R E P
+2 4.33 12.85 50 45%50 15
—2+0.45 9.06 26.88 40 35%40 25
—0.45+0.3  15.78 46.82 30 30%35 45
—0.3+0.15 4.54 13.45 20 20x25 15
—-0.15 66.30 — — — e
it 100.00 100.00 — I 100

¥ 30 % Fo IR E ] 19 kg, BT FE 1.5 kg, Bk
JE K 78%, A BE AT M L A BT R ER AR B SR R B
R, LVBLT BB 40 B 75%~ 80% M HLAit, 2R E 5L
IS BED I A N 6 min 30 s, ARYE 2.1.2 5 TS LIAR
Bk, BB B HEAT IR A BRAS S A X e, I X AR Bk
LB B RO VEA TR EE, 25 RN 4 TR .

=4 ﬂél%fﬂlﬂi]ﬂ%ﬁ%&ﬁﬂ&ﬁi‘%%bﬁi%%%%ﬁgH:

Table 4 Comprehensive index of grinding effect of ball mill
steel ball scheme and steel cylpebs scheme

H R Bk 9 Bt
FLN Y1015 mm 0.47 145
AT 3 2701500019 mn 74.91 76.85
i 4 Y0019 mm 24.62 21.70
7007 mm 86.09 80.43

HH 2% 4 PS50, BT A BT 1 R EL Bk,
AT H A 3 8 M i 1 A XU A 051, T I BRI
1, AEAN BT 2 wils 770 A A, L)% +0.15 mm
TRERECH 1.45%), BB HMEAE . WEKA
FURg bk 7, Be A R B IOM 900 & i, R Z
FH+0.15 mm R CH 0.47%), BN B T ZIREAL T
0.98 T 43 a5, Hwr Jks o, W 7= i s —0.074 mm &
HARE T 5.66 H4r 5.

22 BHTHESZRSN

221 EEHLAYIH 2 B 2 3 5T

ARAE BRI HLIN B B S T Ao s L, B HLI AN
I7i] DX 3o 1) AT 328 Bl JBE AN (), 0 % DX R AT R DX AL
12 Bl EE BOR, B IT S AL PG, LB Bl R S
INFRASEN IR, B Bz s RSN G EER . 5
1) DEM i/ nl WL 3 e XIS B (. “ H 2R,
M DX 3 PR A 8] 5 U103k 12 ik /N S BOIGHK B TR
IH DA €23 DX oA AR ) DA /N AT R SO W I SR A
%o MR ARG B SE 5 P A BURE LE 7 SR AT AU
P E oA, BEK LA R AN Briz sh A an &l 7.

H &L 7 AT, B R J7 58 4 e R 2l 8 B L G v



© 34 - LA S AES RV

2025 4E

B 7 AR BT ST RLE SRS (a—HBk; b—HIBL)

(b) W

Fig. 7 Particle motion status under different media schemes (a—steel ball; b—steel cylpebs)

TWBOIT %, 1B SPIREIE BR, B A9 Bk 7 58 05 6 X 3w
LN TR BT 58, AN Bk 7 58 BE b AR
A A A A A RN MR A A TR Z (6]
iz 3l [k, 3 B AR B T Bk 7 B A SO R LAY
[ B, (75 B 2 ) 1) 1 B 728 45 21, TR bt s ik
JE AR, B R AR 5540 T Hnh i AR G BE A,
AT AL T8] A9 JEE 4503 A A, DRI 9 B 7 58 B ek
VR B THI 7™ A A URE, 3 3N EL R FEAR RN
8, B 43X 4 S BB AL RE B B R FE L, B BB
PRACRAE 22, [F I W R W 1 4 BEJT S8 A0 PR 7 4 UL
LHEAMRKHUH . WERTT R s sh# R, A
T4 i o el oy BEARE S D R O 5 i [ I R A
18 B R, Wkl ] B BT DDA A (R a] Y R 22 )
T2 7 SRAR, AT AR 2 20 BORE, BBk 7 3 1432 Bl
RASTHER, 10K B2 5 AL N BE B i A HRCR,, FEIRAERE.

222 R EEIEE S

Tilf 5 8 135 1 A A 458 9 5 L 1A 38 8 £ o0 A WL
W RE ML A —Fh =B, TR e 5Ll F k48 5 52 Pr
AR T R R s ARG A A 9 S R R R
S AR Y SR G BB 1% o3 A B B R
i PR B2 R, DRLM e 1T AS (]l F5E B 2T 1Y)l 43 vk K
T8 S lf 49 B i 1L X A T B 3 R v ) B AR ATL o AN
P R R 2 B

FEHR 3 A4S BRI, —0.15 4k 2%, —0.45+0.3 mm
DU SRR, +5 mm KUK, LA IR R S5UR
XFF=0.15 mm Y0 A1, Wi e K T 83 46 T 0.000 04 J
ff, A& A — PR IR . B @660 mm JE i # DD A
JE A AT S, —0.45+0.3 mm ki 2L BB AT 7S R R OR, I
LT A B I R B R Y R A R, LR
0.45 mm A" 47 Wi ZL6E 0.001 080 T Jy b v 2 1 Himk 7% g
1, Wi ZLHE =0.001 080 J B, A] % Ak — PR BR IR . X
TF+5 mm W0 1, WrElhE =1.481 688 J I, A &4 —1k

WAL 8 Jr 7, X A9 3K RN A9 B 114 125 1] Al 43 i o 53 AT
AL, TCIe & BRI SR B B, BE A 0T 5 0 A A il 1
AR 10°~107 B Ailf 88 YR K008 4 ol SR B, 7 filf 43 Fi8
G 107~107 B filf 18 v £ KR IR Bl /oK, TER T
10 F14 il 5 F58 28 il 28 O B0 i R AT, AT /0 il 4
KA I, BREEPLN G A B RRAT A 32282 th 5K
R ]I 22 Uk il 88 08 i, 1 B ) — PP Al e it 4 L
D, ToigSE 0.15 mm A 1 5£-0.45+0.3 mm H 2K
M A, DAL B A o 3R T R R A AL 35, B T A L 1Y)
F B RE 45 2 5 Ak, HA) 1a) Al 4 6B B8 B0 A W 24 R
) BlE 8 R BRCE A BR v, T 5 mm AT, 9 B DT )
TF B B 1 KT A W R4 68 1) Al 48 U BUIK Ak, AR
B B TE R AN JE B B o

NI ] Y] ) 6l 42 i F 25 Bk R, AN BUR K R
T AR, B SEAR T T RS A B IS AR D (B RS T
Honp i B3R g, 8O O AL, BT i R B
g AR 2 AN ER B v i BE DD Be5E, B AR
MER A, FLES 1 3 5, 1] A R AR S A ™ i R
T, PR A

BEE A A R4

FENLE T R T LN A A0 A -
WA A BT, A B R A — e AR TR Rl
R SR A5 R G 1 A B A B Y L (R BRP AT A5 2R )
Tl 5 2 Y 1) g i R R R 4026 5 T .

MR 5 AL, ER 5 58 A BT A Al R o
FUB™ 68 A ARG B8 & 5 LE 41 R 61.02% . 4.39%,
T A e RE A 5 R 65.41%, BB A i
SF A A () il 48 BE AT A7 6 A 1 B RE R0 A R
53 51h 56.60% . 4.69%, FF 0 41 1 R BE & 14 5 Lt
61.29%, WER T EHT0 A B i fe i o5 e By
R 412 [ I, MR T R B ESUR: AR B
LT MBI 2. BER T A B~ Buhlf f fig o o LE oAy
26.35% B BT 11 30.39% AR T 4.04 T4y A, X

2.2.3



51 B KR, 55 T3 124 5 B HOT /T BB A B SR Y © 35 -
SE+06 SE+06
20 mmx25 mmNE—FH
(@) (®) 30 mm<35 mmiRE—F
35 mmx40 mmiNE—F A
4E+06 | - 4E+06 45 mmx50 mm4NE—F &
e 20 AT —
= 30 mméREH—F A B
X 3B+06 L 40 mm#ER—F X 3E+06
= ——— 50 mmARER—FF kil
B& 2E+06 &k 2E+06 y
/
1E+06 - 1E+06 |-
_ T . . . ! . L L = il L L L | L L L
10° 10 10 102 10° 10 108 10 10 102 10° 10?
VEFRLERE R /T EFREEREE /T
5E+06 SE+06
20 mmx25 mmANE—F A
(d) ——— 30 mmx35 mmiRE—FH
(©) 35 mm40 mm$IE—FH
4E+06 — AE+06 | ——— 45 mmx50 mmiNE—F A
4 20 mmARE—F R
— 30 mméRER—F A -
= / 40 mmtRER—FA F=S /
’\5 3E406 1 // —— 50 mmiNF—F A ;Y 3E+06 - /
i / kel /
= (= /
X =
e / = /
B 2E+06 [ / B% 2E+06 |-
,/’
1E+06 | / 1E+06 |
«;.u:.:r vl L L L 1 L A 1 = //'/I L A L L L L !
10°® 10 10 102 10° 10 10°¢ 10°¢ 10 102 10° 10°
Yimfit g & /7 Vlarhti i fe & /7
B8 N[BT & N Uk Al i BE 1% 151
Fig. 8 Particle collision energy spectra for different media schemes
F 5 ANENBEARE R RS T
Table 5 Collision energy statistics
filf: 48 28 7Y e ) A 4 AR WA I v A 4 B ilf J8E 5 B =
4 EKR /T 3913.38 168.14 281.29 1689.71 360.71 6413.23
5 /% 61.02 2.62 4.39 26.35 5.62 100.00
B 2454.63 101.25 203.34 1317.87 259.56 4336.65
5 E /% 56.60 2.33 4.69 30.39 5.99 100.00

S AN B R AR BN BR K, A 5 =2 [ A 2 fl 48 AL
2 T AR T AROK S BOCH B 1 19 R RE L, 3 R A
JO ) I G B A . A Ao B DA B A e A
ilf 55 R et 2 3 S TR A e S 488 B T 2 K, AN ER O B
oA AT MR 5 T A — e AR R BE 2 R
8.24% 5B 7 % 8.32% M AR K, A TR Y
ANTR], FHEAR XA p ™ A AR . AR,
BUER 5 2 R R R = (6413.23 1) HH T REwes”
A WA R A R TANBOT R, I — e R LR
KT B AR, 35 201 BERRAER H Y.

23 TSR RSH

SEBR A R RS T RS RITAC e B LA
R D T R PR, RE i e A RCR G, REFRAIR
AP RE IR TR AT T R RLAR , TN AT L g Y AL

THFEAR L T AR, gt 2 1d A 7= RE 1l sy, A
A, RN BT 43 B Ge 3 Tl 52 56 i 3R B AL 14 A= 77 g
J1. AR EFE RN D RAG, XA R R G R L TR
AT
BT B4 E TS AR

Tolp SEaG A ], =08 ) i 2850 B R A R UL 6.
Fe 6 nI 1, — 3 i 2R F EBR S ML Tk 52 56 3 1)
@660 mm JiE T 8% 7 —0.074 mm S HEISE] T 81.71%,

BZHEHRARE T T 7.71 T 20 5, UGE T B0 ROUR, A7
F T k8 5 SR TR AR

2.3.2 )RR

MIEL 9 AT, BEA7R T VS 4 52 36 1 )
BRI S5, =) i 28 5 BRI AL Tl 52 56 10 1) 20157 444

2.3.1



© 36 WP 5 R 2025 4F

£ 6 WmANESIT SIS ECHE B UE 1 AR 3K 7 58 0T T R AR A 3k — 4 3k Al 4 e
Table 6 Overflow fineness statistics A 2R, AR BE A B 45 R 77 T ELAT B SR
s [ TR /% i A /% Qb B /(th) . ~
5 5w — 74.00 330.00 233 ] RHEER
2021.07 38.54 81.95 325.50 H L 10 AT, =k T AR A T S 6 3 [ A
2021.08 40.09 81.69 343.97 L FERN 10.13 kW-h/t, 3852 R 11.46 kW-ht FRE T
2021.09 39.00 82.22 336.43 11.61%; Z55RF AR T B0 R8P 5050 50 2 14K
2021.10 39.07 82.24 337.95 BRJ7 35, T LA AR T i B HLAE
2021.11 43.47 79.06 341.12 .
2021.12 4270 81.03 342.87 3 Hit
202201 39.20 83.57 33287 (B3 )12 5250 % B, 40 BRh UKL 2% 10 B 44
2022.02 39.41 81.91 34101 10t 1R SR A T B s Ak G B s, AN BR BB R R AR
T4 40.19 81.71 337.72 LY & B, RO 2 BE40.15 mm & B8R 0.47

. N Oy, BB BT 0.98 | 4 s, BERT SN
FE 0.57 keeft, B A HTHY 0.63 ke/t EAR T 9.52%; —0.074 mm ¥ L T 5.66 A7 A,

DEM $R#0l07 K5 Bt R T A, SRR RS MBI (2) DEM #0145 36 1 4 5 7 52 0 0 i
A TR~ Rl 1 B A A R A0 0N 26.35%. 30.39%, gtk A e B Y 22 0 B, ARER T 22 (1 Bl A RE I I
WER T BB AR 4.04 oy, BENSER S T BT RERRT A 00 SRk R S s . I BLRK

1.0 1.0
0.67 L
0.8 0.65 0.8
0.63 0.63 —
Ko} I 'l' 'T‘d 063
v o 0.57
20 0.6 < 0.6
IS¢ &= »
W ot W
= oo =
E S =
D -
= 04 ‘.:‘3 @ 0.4
£ R3S
y R3S ®
% 5
R3S
R3S
0.2 KRS 02
R3S
S
B
RRod0N
BRRY
R
0.0 0.0 prem Sl
SEYSHY S A
R R
. Tk SR TS
b SH i (] :
= S\ ™ NN
9 Tl S ) A R I AR
Fig. 9 Steel ball consumption during industrial testing
20 15
—~ ~12F 11.46
~ 15f ol
= = 10.13
z 113 1109 2
IS¢ = 9
w R
£ 0] S 2
S B
4= K KRS =
= % RSESY <= 6t
pris KIE XX )
ROIKA XXX pii
= o 9 KK =
H#u KKK boes KK =
5L R KK K&K #u
%% KA RIIKA KK
¥ KIKKS RKK KK ®
KIS BRI KXRKS 3r
Sede2e% odedede! KKK
Rededed RoIKA KK
oS RS KX
S
0 XXX R e 0
ST DI
Tk sRE TS

B 10 Tl S 0 300 i) 499 B 1 AR

Fig. 10  Steel ball consumption during industrial testing



%14

FORTR, S5 TR 3 )2 S B HOT T BT A R AR S R 5 -+ 37 -

A 22 TR, B S AR T TR R A IS ey, (R LR
I8 7 Hoh it BN Ty, S BOLE R AR WKk ahds
RE 1B, B A B AR E R R, A7 A e S S A A
U7 B SIG 45 I T 4N Bk 7 0y Al 52k

(3) BRI TANER T 205, =) 8 251 ©660 mm
JE I #1516 U —0.074 mm 5 I Z AT 74.00% #TH T 7.71
Ay e FR A BRES HIL T S5 6 1 [ A AN A
B Z AT 0.63 kg/t FRAK T 9.52%; = k] 4 25 Tl
S U [R) PR L FE AR 2 FTAY 11.46 kW-h/t T RET
11.61%.

SE k.

[1] Bedidt, B K Qw5 [M]. JUat: i 4 Toll i fidt, 2012.
DUAN X X, XIAO Q F. Crushing and grinding[M]. Beijing:
Metallurgical Industry Press, 2012.

(2] Zrh g, Whide, 28 X1, 55 RS A0 IS B X 45 4 R 2 437 4 4k 1 3
mi 7). A (G QBT 4Y), 2024(3): 76-82.

LIY Q, XIE F, XU F P, et al. Effect of precision grinding on the particle
size distribution characteristics of the tungsten ore[J]. Nonferrous
Metals (Mineral Processing Section), 2024(3): 76—82.

[3 ] BEA:. e K s i B R TE B NS BOR R R AT R 2R (—) 1],
A ILHLBE, 2011, 39(11): 58-65.

MU F S. Technical development and prospect of crushing and grinding
technology at home and abroad (I)[J]. Mining & Processing
Equipment, 2011, 39(11): 58—65.

[4] NAPIER-MUNN T. Is progress in energy—efficient comminution
doomed?[J]. Minerals Engineering, 2015, 73: 1-6.

[5] 5t BT B Hi oo i i R B BRIE LA B8 ) 417 B S 8 Ak
[D]. ¥ FH: i I BL4 K2, 2013.

LU J K. Kinematical analysis & parameters optimization of large
tumbling ball mill’ media based on the discrete element method[D].
Luoyang: Henan University of Science and Technology, 2013.

(6] ERE, I K, Bt 4 K BRI HLER fF TAE S B A5
(3], 5 =25 BRI, 2014(6): 45-48.

WANG C X, XIAO Q F, DUAN X X. Research on parameter
optimization on excellent ball mill[J]. Multipurpose Utilization of
Mineral Resources, 2014(6): 45—48.

(7] X3¢, EWIK, # . = B2 a 0™ — BOaRIE ML A il 1 1

WRTTE D], BRI 42, 2022, 51(5): 56-60.

DENG W, WANG M F, CHANG W H. Optimization of grinding media

system of two—section ball mill in a lead—zinc mine in Yunnan[J].

Yunnan Metallurgy, 2022, 51(5): 56—60.

FM, AT, AE A, S LV SRR — Bk AR AR AL B Y

(7). 4l T#E, 2022(5): 26-30.

WANG B, REN D, DU C, et al. Optimization study on technological

—
s}

index of primary ball milling of an Iron mine in Shanxi province[J].
Copper Engineering, 2022(5): 26-30.

(9] fuias, PEARRI. BE 0 A BB AR A b by i S B m (1], b Ry
AR, 2019, 25(5): 29-32.
HE K, KU J G. Grinding parameters of quartz sand with shape of
medium[J]. China Power Science and Technology, 2019, 25 (5) : 29-32.

[10] ZHANG X, HAN Y, GAO P, et al. Effects of grinding media on
grinding products and flotation performance of chalcopyrite[J].
Minerals Engineering, 2020, 145: 106070.

[11] FEMW, el R 5. BT 1 225 H R R
). A4/ GE#4T), 2021(4): 59-66+103.

WANG G B, LAN Z Y, XIAO QF, et al. Analysis on main influencing
factors of selective grinding[J]. Nonferrous Metals(Mineral Processing
Section), 2021(4): 59—-66+103.

[12] FENE, XREE, M PSR, 55 0 A SR IR X 5 B8 V7 28 43 189 114 5 T
. hEA 6.4 8241k, 2024, 34(2): 573-585.

WANG C, DENG J, XIAO Q F, et al. Effect of grinding media shape
on flotation separation of chalcopyrite and pyrite[J]. The Chinese
Journal of Nonferrous Metals, 2024, 34(2): 573—585.

[13] EJOAR, MR &, sk, % KITIRG ) B0 A 52l B2 00 10 52 55 7
7T [7]. # 42, 2019, 40(8): 53-56.

WANG X D, XIAO Q F, ZHANG Q, et al. Experimental study on the
optimization of grinding media regime in Daping concentrator[J]. Gold,
2019, 40(8): 53-56.

[14] CUHADAROGLU D, SAMANLI S, KIZGUT S. The effect of
grinding media shape on the specific rate of breakage[J]. Particle &
Particle Systems Characterization, 2008, 25(5/6): 465—473.

[15] SIMBA K P, MOYS M H. Effects of mixtures of grinding media of
different shapes on milling kinetics[J]. Minerals Engineering, 2014, 61:
40—46.

[16] YU J, QIN Y, GAO P, et al. An innovative approach for determining
the grinding media system of ball mill based on grinding kinetics and
linear superposition principle[J]. Powder Technology, 2021, 378:
172—-181.

[17] ZEuit, MR, B R, 45 55T B BTk 19 BRIE BIL 1 7R AR B
AUEARBESE (D). 07 7= 40 5 R F, 2023, 43(4): 43-49.

LI Y X, XIAO Q F, GUO H C, et al. Optimization of barrel liner
modification of ball mill based on discrete element method[J].
Conservation and Utilization of Mineral Resources, 2023, 43(4): 43—49.

(18] Beamth. BRIBHLN ER R OB TR AT 58 (1], fh E R (A 5 5
YA RS0 FREL), 1989(8): 856-863.

DUAN X X. Theoretical calculation research on the size of steel balls
in ball mills[J]. Scientia Sinica (Mathematical Physics Astronomical
Technology Science, Volume A), 1989(8): 856—863.

[19] GUOBIN W, QINGFEI X, QIANG Z, et al. An innovatory approach
for determining grinding media system to optimize fraction
compositions of grinding products based on grinding dynamics
principle [J]. Powder Technology, 2024, 434: 119302.


https://doi.org/10.1016/j.mineng.2014.06.009
https://doi.org/10.3969/j.issn.1000-6532.2014.06.012
https://doi.org/10.3969/j.issn.1000-6532.2014.06.012
https://doi.org/10.3969/j.issn.1000-6532.2014.06.012
https://doi.org/10.1016/j.mineng.2019.106070
https://doi.org/10.11817/j.ysxb.1004.0609.2023-44307
https://doi.org/10.11817/j.ysxb.1004.0609.2023-44307
https://doi.org/10.11817/j.ysxb.1004.0609.2023-44307
https://doi.org/10.11792/hj20190811
https://doi.org/10.11792/hj20190811
https://doi.org/10.1016/j.mineng.2014.03.006
https://doi.org/10.1016/j.powtec.2020.09.076
https://doi.org/10.1016/j.powtec.2023.119302

+ 38 WP 5 R 2025 4F

Grinding Medium Optimization Based on Grinding Kinetics and Discrete Element
Analysis
XIAO Qingfei', SUN Boyuan', JIN Saizhen'’, WU Yukai’, WANG Mengtao'

1. School of Land and Resources Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. State Key Laboratory of Mineral Processing, Beijing 102628, China;
3. National Key Laboratory of Intelligent Optimization Manufacturing for Mining and Metallurgy Process, Beijing 102628, China

Abstract: In this study, the effects of steel balls and steel cylpebs as the grinding media on the crushing behavior and
energy utilization of multi—grain ores were investigated using grinding dynamics and discrete element method (DEM)
simulation, and industrial experimental research was carried out based on the results. The results of grinding kinetics show
that the effect of steel balls on the crushing rate of the coarse grain fraction was better than that of steel cylpebs. The
content of +0.15 mm in the grinding product is reduced by 0.98% and —0.074 mm increased by 5.66% in the case of steel
ball compared with that of steel cylpebs as the grinding medium. DEM analysis showed that the motion state of steel balls
was more active than that of steel cylpebs. The percentage of energy used for ore crushing using steel balls and steel
cylpebs as the grinding medium was 65.41% and 61.29%, respectively, with the former being 4.12% higher than the latter
so that the effective energy utilization of steel balls for crushing the ore is higher. Based on the above results, after using
steel balls as grinding media in the Dahongshan Iron Mine, the overflow —0.074 mm content of the cyclone increased from
74.00% to 81.71%, an increase of 7.71%, the unit steel consumption decreased by 9.52%, from 0.63 kg/t to 0.57 kg/t, and
the unit power consumption decreased by 11.61%, from 11.46 kW-h/t to 10.13 kW-h/t. This study verified the validity of
the steel ball scheme through grinding dynamics and discrete element analysis experiments and verified its accuracy
through industrial tests.

Keywords: grinding kinetics; discrete element simulation; grinding medium; Dahongshan iron mine; steel ball; steel
cylpebs
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