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Table 2 Results of phase analysis of molybdenum

(CuFeS;) « 3 B 0 (FeSy . # # =
(KLiFeAl(AlSi3)O,(F, OH)). KA1 (KAISi;Og) FlAHK:
i (NaAlSi;05)%% .,

HH# 2 w50, SR BT 4R, s
B RV 99.06%, S A AN Y 0.94%, T
AR AR, STESHAEF)

W 3 W%, SIAR BT 45 RN, AT
(VAR R 73 b A ], e rp Js A0 AT Rk 37.35%,
WEBAH 51 %0k 46.69%, ARG E, HA
WAL N 15.96%, FACFE R .
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Table 1 Chemical analytical result of mineral samples (mass

fraction, %)

Mo Cu Pb Zn TFe
0.066 0.15 0.004 0.0049 2.20
Ni S Si0, Na,O MgO
0.0004 2.09 69.4 0.26 1.18
CaO Al O; K,O0 TiO,
0.12 19.62 4.42 0.44
*—Quartz

+—Covellite
*—Chalcopyrite
o—Cuprite
a—Tenorite

= —Potash feldspar
v —Zinnwaldite
*—Molybdenite
°*—Molybdite
o—Pyrite
v—Albite
4—Chalcocite

>t
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20/(°)
1 SPEREETN A XRD #E

Fig.1 XRD pattern of Mo-Cu ore from Bangpu

Phase Molybdenite

Molybdite

Ilsemannite Waulfenite

Mass fraction/% 99.06

0.54 0.27 0.13

R3O R HIAN B4R
Table 3 Results of phase analysis of copper

Phase Primary copper sulfide

Secondary copper sulfide

Free copper oxide  Conjunction oxidized copper

Mass fraction/% 37.35 46.69

10.51 5.45
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Table 4 Metal distribution of product crushed by HPGR

Size Grade/% Distribution rate/%
o Yield/%
distribution/mm Mo Cu Mo Cu
0.9-3.2 36.12 0.037 0.09 22.00 22.18

0.45-0.9 11.76  0.041 0.11 8.03 9.46
0.18-0.45 16.80 0.051 0.12 14.26 14.74
0.105-0.18 6.72 0.112 0.15 12.40 7.37
0.074-0.105 420 0.157 0.24 10.85 7.06
0.057-0.704 272 0.156 0.21 7.03 3.98
0.045-0.057 2.55  0.134 0.25 5.66 4.48

0-0.045 19.12  0.063 0.23 19.76 30.74

F 5 IUEURIRT ™ W RIRLE <5 20 A1 40 B 25 R
Table 5 Metal distribution of product crushed by JC

Size Grade/% Distribution rate/%
Yield/%
distribution/mm Mo Cu Mo Cu
0.9-3.2 3832 0.047 0.12 29.40 32.66

0.45-0.9 15.50 0.041 0.12 10.37 13.21
0.18-0.45 18.90 0.048 0.12 14.81 16.11
0.105-0.18 6.47 0.110 0.15 11.62 6.90
0.074-0.105 341 0.160 0.22 8.90 5.32
0.057-0.704 225 0.171 0.21 6.24 3.35
0.045-0.057 232 0.150 0.20 5.67 3.29

0-0.045 12.84 0.062 0.21 13.00 19.15
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Fig. 2 Micro-cracks of products crushed by HPGR ((a), (b), (¢)) and products crushed by JC ((c), (d), (f)): (a)—(d) 0.9-3.2 mm; (e),

(f) 0.45-0.9 mm
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Raw ore

Unit: g/t

Grinding fineness: variable

3’ X Kerosene+Diesel 140+40
1" X Pine camphor oil 60
Roughing } I
- Kerosene+Diesel
6 3 40+20
1’ X Pine camphor oil
Roughing | 11 20
5 !
Concentrate Tailing

3

VR A0 B T AR

Fig.3 Process flow diagram of grinding fineness

1.2 100
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Q
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=—Grade of Mo
04r *—QGrade of Cu 420
o—Recovery of Mo
02l . . . °I—Reclovery IofCul 0
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Mass fraction product with size
less than 0.074 mm/%
4 FHREE P R AT N R A R
Fig. 4 Experiment results of grinding fineness of product

crushed by HPGR
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Table 6 Percentage of molybdenite under different probabilities of intergrowth

HIE 5 aTLUEH, K Mo [lRIBCRBEAE BEH™
90 3G I B #T T, 1 Mo [ ST AR, fE
PER AN EE /N T 0.074 mm [R5 5K T 75% 5 A7 1%
NFE, LA, R RS AN RN T
0.074 mm XI55 5 (7 75%0 FRREIE B, BEAS RS A REH o
P4 0.76%, [HIECE A 91.75%.
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B IBE P N BER AN B /N T 0.074 mm A B 65%15 00
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gE LK 6 s,

HIZE 6 FFOREEH A (K B AR B 45 R T A, Sl e
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Mass fraction product with size
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Fig. S5 Experiment result of grinding fineness of product

crushed by JC

Product name

Size fraction/mm  Single/%

Proportion of purpose mineral in intergrowth/%

<1/5 1/5-2/5  2/5-3/5 3/5-4/5 >4/5
75% of product crushed by JC and >0.074 80.75 5.01 6.09 0.01 1.29 6.85
grinding by ball mill with size less than <0.074 91.31 0.53 0 0.19 1.02 6.95
0.074 mm Total 88.67 1.65 1.52 0.15 1.09 6.93
65% of product crushed by JC and >0.074 65.84 3.77 0.73 0 3.6 26.06
grinding by ball mill with size less than <0.074 76.88 1.43 0.26 0.33 2.62 18.48
0.074 mm Total 73.02 225 0.42 0.21 2.96 21.13
65% of product crushed by HPGR and >0.074 73.18 5.22 1.25 2.46 0.38 17.51
grinding by ball mill with size less than <0.074 93.96 0.94 0.17 0.21 0.23 4.49
0.074 mm Total 86.69 2.44 0.55 1.00 0.28 9.05
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PR AR EER A /N T 0.074 mm S 75%M K
SREEFE AR AN /N T 0.074 mm AR 65%IK
PRI 8 ORI, ARG R 87.67%F1 86.69%, I
WRK T 45 0% EEARZ R 54 95.60% Fl
95.74%. FHNBRE = WA BT A FE 2 /T 0.074 mm
T 65%IMR B RCRR 2, ARG IR 73.18%, HR
RFIRT 475 B & IEAAR LR 94.15%.

I ER IR I 45 R R
TE AR = S AE B 40 /N T 0.074 mm [R5
T 75% M AR AR AN E /N T 0.074 mm
M8 by 65% MG Ol FIHT R IRE, MRS T2
WA W 6 Fn, IRk 7 M8
iRlB

HHe 7 v, SRR AR BSR4 /N T 0.074
mm (158 75%0 AT A FIE, T LUK ARG
WAHAL A 4.05%, FHBIWE 87.84%, il ik
3.04%, Hil[ACE A 27.69% s HURUDREEH A7 4 0.10%,
FHIRRCR 4.54%, B 5ALh 2.45%, i [RDRcE
46.74%.

2.5

Raw ore

HI3R 8 WA, g He R BE W AT BE 1 41 5 /N T 0.074
mm (A5 5 65% BT AR, W] LUK A A RLRS
WAH SR A 4.88%, FHIMICR A 88.89%, 4 ih i
3.24%, 4 [A[CA 5.01%; HRLUREH4H 50474 0.082%
M E 3.57%, W5 AR 2.68%, i[RI A
49.40%.

e BB 7 e AE B AT A FE /N T 0.074 mm 1)

7 65% 14 BT Ll e A 7 AR B T A N T
0.074 mm &5 AT 75%M 1G0T 1P % 0 i An 71
HREE, R MR 0.83%, HHIFIKCR$E
1.05%; HHDRE 8 Sh i 4 s 0.23%, i [DficR 42
2.66%.
YT S T 2R VR R R AR IR R, — 5T
STt R B P AT BB Jo Bt i T AR RS s S —
3 T 2 e e R B 7 il A TSCRHL B A 2 o33 T PR IR FR
Bi, B9 TH A YA IFIE R R .

gE PR TR, AR T A e
RAEBEVER IS, BREE S0 o R S 7 il i A 3
PRVEMR SIS, BEXT BIR T, SR T A R
PR R — R B 1B PR A B — TR B T &

]
i

1=
n

Unit: g/t
Grinding
3’ X Sodium hexametaphosphate 100
3’ X Kerosene+Diesel 40+120
1" X Pine camphor oil 60
Mo{ Roughing .
Kerosene+Diesel
3/ 20+60
1 Pine camphor oil
Moj cleaning Moyscanning
M\
Rough Mo concentrate Sodium sulfide-Ammonia
3’ sulfate 1000+1000
3'X Z-200 60
1'X Pine camphor oil 20
Cujyroughing
Y Z-200 30
, Pine camphor
1 .
. qil 10
Cuycleaning Cuyscanning
M
Rough Cu concentrate Tailing

6 MHRE: T ZhiR K

Fig. 6 Process flow diagram of closed circuit test
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Table 7 Experiment results of closed circuit test of products

crushed by JC

Grade/% Recovery rate/%
Product Yield/%
Mo Cu Mo Cu
Rough Mo
1.36  4.0500 3.04 87.84 27.69
concentrate
Rough Cu
286 0.1000 245 454 46.74
concentrate
Tailing 95.78 0.0050 0.04 7.61  25.57
Raw ore 100.00 0.0629 0.1498 100.00 100.00

F 8 AR AR IR A R
Table 8 Experiment results of closed circuit test of products

crushed by HPGR

Grade/% Recovery rate/%
Product Yield/%

Mo Cu Mo Cu

Rough Mo
1.16 4.83800 3.24 88.89 25.01

concentrate

Rough Cu
277 0.0820 2.68 3.57  49.40

concentrate
Tailing 96.07 0.0050 0.04 7.55  25.59
Raw ore 100.00 0.0637 0.1502 100.00 100.00

3 iR
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AR v R 7 i () B R FE AN S 4 ) PR
B
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DLTACHE ™ it R B 4

4) PSR S FESE BRI, SRR e AT A
FE/NT0.074 mm [R5 5 A7 75% R0 S e B = i 7 S
WA/ T 0.074 mm [R5 5y 65% T i 28 380 R
U, SRR AR B AN K /N T 0.074 mm 9E
il 65%IMIfiR B RN 2 .

5) e HAREE 7 AR A /T 0.074 mm ()
T 65% 1B T 1 LS R S AE BT AN N T
0.074 mm M58 75% 00 N 1P R0 R bR A

P, AHDRED AT B R 0.83%, FHIMKCREE S
1.05%; B RLREA 4 a7 52 =1 0.23%, A [l e 4 iy
2.66%.
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Effect and mechanism of selective crushing and liberation of
Mo-Cu ore from Bangpu crushed by high pressure grinding rolls

HOU Ying', YIN Wan-zhong?, YU Guang-tao’, YANG Chun’, GAI Zhuang®, ZHAO Tong-lin', XIAO Li-cong'

(1. School of Mining Engineering, University of Science and Technology Liaoning, Anshan 114051, China;
2. College of Zijin Mining, Fuzhou University, Fuzhou 350108, China;
3. Gongchangling Mining Co.,Ltd, Anshan Steel Group, Liaoyang 111008, China)

Abstract: Mo-Cu ore from Bangpu was crushed by high pressure grinding rolls(HPGR) and jaw crusher(JC), and
grinding-flotation test of the product crushed by different crushing processes was carried out. Crushing characteristics of
HPGR of ore was studied by scanning electron microscopy(SEM), dissociation character of grinding product was studied
by mineral liberation analyzer(MLA), and the best grinding fineness and flotation process conditions were studied from
the reagent dosage and other aspects. The results show that the best grinding fineness of the product with size less than
0.074 mm crushed by HPGR and JC are 65% and 75%, respectively. The floatation effect of the grinding product crushed
by HPGR are better than that crushed by JC, and the molybdenum grade, molybdenum recovery of molybdenum rougher
concentrate, copper grade, copper recovery of copper rougher concentrate of HPGR products when the grinding fineness
less than 0.074 mm content is 65% comparing with JC products when the grinding fineness less than 0.074 mm content is
75%, respectively, high 0.83%, high 1.03%, low 0.02%, high 2.66%. The phenomenon of selective combinations occurs
when crushed by HPGR, and the phenomenon of selective dissociation occurs when the product crushed by HPGR is
grinding. The “HPGR selective crushing-selective dissociation of the product was grinding by ball milling-flotation”
technical scheme was put forward.

Key words: high pressure grinding rolls; jaw crusher; selective grinding; selective dissociation; flotation
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