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Study on Comminution Process of Ten-Million-Tonne Scale Super-Large Copper-Molybdenum Mine
Huang Huhui'*
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.National Engineering Research Center for Metal Mining, Changsha, Hunan 410012, China)

Abstract: A comparison and selection study on comminution process schemes was conducted for a super-large low-grade
porphyry copper-molybdenum mine in Inner Mongolia (with reserves of 950 million t. a design scale of 70 000 t/d, a Cu grade
of 0.165%, and a Mo grade of 0.032%). The ore is moderately hard to hard and contains easily sliming minerals such as
chlorite. Based on a systematic review of the application status of three types of comminution processes, including conventional
comminution, semi-autogenous grinding (SAG), and high-pressure grinding rolls (HPGR), four schemes were proposed: the
semi-autogenous grinding—+ ball mill4 pebble crushing (SABC) process, 50 mm feed high-pressure grinding roll dry process.
30 mm feed high-pressure grinding roll dry process, and high-pressure grinding roll wet process. A technical and economic
comparison was conducted from the aspects of equipment configuration, construction investment, energy consumption,
operating costs, and total lifecycle costs. The results show that the SABC process has the lowest construction investment,
which is 17.89% lower than that of the high-pressure grinding roll wet process, but has the highest production cost per ton of
ore (23.55 yuan/t); the high-pressure grinding roll wet process has the lowest production cost per ton of ore (20.07 yuan/t) ,
which is 17.34 % lower than that of the SABC process. The high-pressure grinding roll wet process has the lowest present value
of the total lifecycle cost, indicating its optimal long-term economic performance. Comprehensively considering the ore
characteristics, equipment maturity, and total lifecycle economic performance, the high-pressure grinding roll comminution wet
process of “cone medium crushing, closed-circuit screening, high-pressure grinding roll ultra-fine crushing, wet closed-circuit
screening, and one-stage closed-circuit grinding” is recommended, to provide a reference for the selection of comminution
processes for similar super-large low-grade copper-molybdenum mines.
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Table 1 Main chemical composition and trace

element analysis results of the ore

) Wix H/ N % Tt/ %
Mo 0.032 TiO: 0.500
Cu 0.165 P> 05 0.150
Fe 3.050 K20 4.270
Pb 0.013 CaO 2.970
Zn 0.064 Na: O 2.760
S 1.050 MgO 1.660

Al, Oy 14.470 SiO2 59.810
As 0.007 Ag* 1.620
C 0.650 Au” 0.020

T x LR g/t
R2 WEAPETYHENEE

Table 2 Relative contents of minerals in the ore

WY 45 B /% BRI TR/ %
B 0.48 MR 36.19
MR 0.05 A 23.39
kR 1.72 Fap 17.63
(37N 0.60 sl 6.58
R 0.52 BN 5.66
EAwE) 0.24 7 ff A1 5.30
B33 0.23 W 0.36
IR 0.17 EA 0.10
IR B 0.09 HAth w4 0.67
i e 0.02 it 100.00

X L B 87 R R AR (17 ) VTR IR A
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Table 3 Bond ball mill work index test results

. P/ Gup F Pso/ Wi/

A p.rlﬁ (gl/lr/) :r:l/ /J.Sr(‘r)l (kW 'l /v
17 B REIBH A 106.00 1.09 2 035.00 84.00 17.98
2 JFFIRTHRE 106.00  1.19 2 028.00 83.00 16.61
3FERHA A 106,00 1.06 2 038.00 83.00 18.26

F4 JKEERBW SMC BBV ELR
Table 4 JK drop-weight test and SMC

comminution test results

e K 2%

R/ Dwi/
(t/mH A b AXD ((kW « b)/m®)

DW 2.65 75.3 0.55 41.42 0.48 —

SMC  2.65  84.6 0.47 39.76 0.3 6.66
""" . DW 267 715 073 5220 071  —
2 SMC 2.66 78.6 0.57 44.80 0.44 6.03
37 SMC 2,68 100.0 0.42 42.00 0.40 ¢ 6.52
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Table 5 Statistics of semi-autogenous grinding (SAG) processing plants in copper-molybdenum mines

o) Sk AP AR/ 2+ H B BRI L
it/ A% /m R/ kW R/ G B /m R/ kW /A

1 AT 1155 ®11.00X5.40 12 686 1.00 ®7.90X13.60 17 000 1.00
2 [LE 2 e 1200 @10.40X5.20 11 000 2.00 ®7.30X12.50 13 000 2.00
3 W 914 1200 @9.72X4.72 8 202 2.00 ®6.70X11.73 9 556 2.00
4 Ee ey 1350 @®11.00X5.40 13 000 1.00 ®7.92X13.60 17 000 2.00
5 K e CEL e 4 0 — 4 4 500 ®10.73X5.18 11 000 4.00 ®7.92X 14,33 18 000 4.00

N o 1380 ®11.60%6.20 18 000 1.00 ®8.53X14.63 24 000 1.00
6 Wi (BA AT =5 4620 ®10.73X7.23 18 000 4.00 D7.92X14.33 18 000 4.00
7 BN 4 1500 ®11.60%6.20 17 000 1.00 @7.60%13.10 11 600 2.00
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Table 6 Application cases of high-pressure grinding roll

(HPGR) in ultra-large processing plants

i VA .
B S5t H 445 EIR ey g
(J7 t/a)
1 i -k 1 000 CLM260180
2 AN AN T 25 kT 1 350 CLM260160
3 At 5000 CLM260160X3
4 N IRk 2200 CLM240170X2
5 B AR S RE AH A 1320 CLM220160 X2 #itKrE
6 WA REAY LA X (— D) 990 CLM260180  E 4%
PN
7 WEEWIURE X 1650 CLM240140X2 i&itBrB
8 N R EHEET 1000 CLM260180 it KB
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Table 7 Main equipment selection and configuration

e E S HEZ HE= L

xm A mioaw 20 amw e E amm ax PP am an UE

e — — — HP900 4 750 HP800 4 600 HP900 4 750

s — — — — — — HP800 6 600 — - -

Wewe o — - — SDB4397 A 90 SDB4385 4 90 SDB4397 il 90
B R — — — CLM300180 2 9000 CLM260200 2 8000 CLM260180 2 7100

ks i SEMS49120 4 185 SEMS49120 4 185 SEMS43100 4 90

LA T HP500 2 355 — — — — — — — - —
U EHEE #1100 mx690m 2 15500 - - = - === - =
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Eg ngl% 4 544 16 724 17 304 14 066
YR A — — 72614 — — 75184 — — 76 764 — — 67 986
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Fig.5 Construction investment comparison bar chart
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Table 8 Comparison of material, energy consumption and staffing

P HLEE/ (X 10" kW « h)
PREE S CEFEENL RS SREERL  BUER BHR wREE AT 5
ES BLRER  RPBONAE  WER RPN WEE plmer B/ — — e/
L VA VAN VA VY W/ mAEAm, A B ORE (W /D
(kg/v  (kg/v  (kg/y  (kg/)  (kg/t)  (m?/D) h GiLEE SEDELiY
W& — 0.50 0.08 0.60 0.14 0.02 0.000 2 — 36 53 995.93 2 956.34 24.65
FE_ — — 0.50 0.14 0.04 0.000 8 8 000 72 44 412.35 3 946.11 20.93
E — — 0.50 0.14 0.08 0.008 0 10 000 76 45 024.96 4 118.40 21.27
EJL — — 0.50 0.14 0.08 0.000 8 8 000 72 42 939.05 3 620.47 20.16
R EFHAITLE
Table 9 Comparison of production costs
i B A R T T ) OIS
SO AT EERG wER wm g . ww MATER g
g WO CEIRRE e U e ems owe a0 mas P
BEBL BLEAEE T yw mk s i oo B g
T #E THAE %
JrE— 17 780.40 — 432.00 29 045.66 700.00 200.00 1347.66 4 899.65 54 405.37 23.55 17.34 555 074.57
FET 9963.36 2420.55 864.00 24 662.81 1000.00 900.00 1466.78 6100.32 47 377.83  20.51 2.20 494 133.11
HZE= 10802.88 1841.40 912.00 25 063.11 1000.00 900.00 1510.77 6 360.38 48 390.54  20.95 4.39 505 428.22
JPEM 9963.36 2772.00 864.00 23 745.36 1000.00 900.00 1 383.65 5 727.79 46 356.15  20.07 0.00 482 882.39
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Fig.6 Trend of cumulative present value of total

costs over years for each scheme
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