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Process Mineralogy Research and Comprehensive Recovery Process Verification of a
Low-Grade Gold-Silver-Copper-Lead-Zinc-Iron Polymetallic Sulfide Ore
ZHENG Hailei', GAO Qifang', YE Xiaolu®, FENG Kai*

(1.Yunnan Gold & Mining Group Co.,Ltd., Kunming, Yunnan 650299, China;
2.Beijing General Research Institute of Mining & Metallurgy, Beijing 100160, China)

Abstract: The grades of gold, silver, copper, lead, zinc, sulfur and iron in a low-grade polymetallic sulfide ore in western
Yunnan are 1.92 g/t, 41.31 g/t, 0.39%, 1.20%, 0.42%, 9.54% and 34.92% respectively, and the content of harmful element
As is 0.22%. The low-grade polymetallic sulfide ore has low grade of valuable elements, complex occurrence state, many kinds
of minerals, uneven dissemination size, and difficult comprehensive recovery. The genetic characteristics of the ore, including
the composition and relative content of main minerals, the dissemination relationship of the main minerals, grain size and
liberation characteristics, as well as the occurrence states of gold, silver, copper, lead, zinc, sulfur and iron, were
systematically investigated and determined using chemical analysis and chemical phase analysis. Based on this. the principle
process of “copper-lead mixed flotation, copper-lead separation, zinc-sulfur mixed flotation, zinc-sulfur separation, and low-
intensity magnetic separation for iron” was proposed. The results of laboratory process verification test show that under the
condition of grinding fineness of —0.074 mm accounting for 90% , the concentrates are obtained as follows, copper concentrate
with a copper grade of 21.19%, gold grade of 52.40 g/t, silver grade of 558 g/t, and copper recovery of 74.50% ; lead
concentrate with a lead grade of 74.66 % , gold grade of 24.85 g/t, silver grade of 1 730 g/t, and lead recovery of 82.54 % ; zinc
concentrate with a zinc grade of 46.27% and zinc recovery of 76.88% ; sulfur concentrate with a sulfur grade of 45.54% and
sulfur recovery of 81.91% ; as well as magnetite concentrate with an iron grade of 63.47% and iron recovery of 36.87%.
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and separation, Zinc-sulfur mixed flotation and separation
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Table 1 Results of chemical composition

analysis of raw ore %

Au®  Ag”® Cu Pb Zn TFe mFe S Bi

1.92 41.31 0.39 1.20 0.42 34.92 12.90 9.54 0.012

Si0;  CaO MgO AlO; K:O Na;O TiO, C As

14.42  4.83 2.30 1.79 0.33 0.08 0.14 4,51 0.22

W ¢ FR AuAg TR g/t,

xk2 EHYHESNER
Table 2 Phase analysis results of gold

il SR/ (g/0 Iy A R %
REE % 1.57 81.77
AL A 0.23 11.98
By 4 0.11 5.73
HAth ™) £ 5% 0.01 0.52
it 1.92 100.00
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Table 3 Phase analysis results of silver

A5 AR/ (g/0 I %%
SRR 0.74 1.79
B Ak AR 38.9 94.17

HoAth 1.67 4.04

Bt 41.31 100.00
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A E M ZE R 8L.TTY B IR AL J &, 401
R 94,17 Yo 5 B LU AR AR AR Lk AR BRAL R R T 4
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Table 4 Phase analysis results of copper %
AR i 3 A % R8 EUWYAHARKRENEE
AL 0.014 3.95 Table 8 Mineral composition and relative
WA= it A A 0.083 21.07 ,
JE A B Ak 0.270 68.53 content of raw ore %
Ho A ™ 0y 4 2L 0.027 6.85 o kI e e g K W
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Table 7 Phase analysis results of iron % . _
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Table 9 Results of EDS electron microscopy analysis of major minerals

BT WA (SEM) #1528 2R K Apreo 2S,EDS
LB BTS2 AT R A A AT & 78 QUANTAX 600, +
B EDS M RE I T ek LR 9,

——
Bk : LA
Cu Pb Zn Fe S Ca Al As Mn Au
D 32.46 — 1.07 30.23 35.31 0.16 0.09 — 0.02 —
T — 85.26 — 0.91 14.02 0.05 — — — —
HRINER 0.18 — 53.71 11.57 33.53 0.28 — — 0.09 —
R — — — 36.32 0.40 1.02 0.16 — 5.15 —
Wik — — — 67.06 0.92 0.31 0.36 — — —
D — — — 34.30 53.43 0.16 — 0.19 — —
A%k 4 — — — — — — — — — 87.05
R A 70.38
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Table 10 Equilibrium distribution characteristics of valuable elements in major minerals

AL/ Y6

e

AL
U7 Y E % e Ag Ca =

Zn Fe Au Ag Cu Pb Zn Fe

Ui 8 4 (8 — — — —
WAL Y 1.001 4,750 283.150 34.795  0.330
AL 1.310 0.700 1 540.400 0.026 85.010
A4 0.081 — — — 74.530
BRIN B 0.693 2.180  105.260 0.180  0.160
Eg7308 16.683 2.520 21.610  0.056  0.100
37N 18.982 0.800 6.290 0.009  0.022
B33 36.072 0.220 5.220 0.017  0.039
i 25.178 0.130 7.780  0.049  0.096

0.023 0.90 0.48

60.25 26.65 — — — —

25.39 2.51 6.42 91.80 0.27 2.43 0.70
45.71 0.09 89.98 0.07 0.03
— — 4.88 — —

11.28 0.79 1.65 0.33 0.09 88.75 0.21
22.10 8.17 2.46 1.35 0.56
67.06 7.98 2.70 0.45 0.34 0.95
36.32 4.17 4.26 1.62 1.14 3.10
10.57 1.72 4.44 3.25 1.95 4.14 7.29

Ait 100.000

A A (KD 0.991

100.00  100.00 100.00 100.00 100.00
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Fig.1 Backscattered electron diagrams of natural gold
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Fig.2 Backscattered electron diagram of argyrite
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Fig.3 Reflective microscope images of chalcopyrite
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Fig.4 Reflection microscope image of magnetite
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Fig.5 Reflective microscope image of galena
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Fig.6  Reflective microscope image of marmatite
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Fig.7 Reflection microscope image of pyrite
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Table 11 Results of dissociation determination of

major minerals %

AR EG 4 (—0.074 mm &I TF

7} i 1515 L B ik
65% 75% 80%  85%  90%
iR 50.54  60.08 70.96 76.92 81.86

B WA 1935 17.96 1314 10.18  9.23

kL =1
WEARK 1466 1151 8.82  7.07  6.14
S Fifk 7058 75.91 80.69 84.21 87.25
BRINEEDS  EEAR 16,97 15.05  12.45 11.48  9.50
WAL 1245 9.04  6.86  4.31  3.25
S Fifk 68.93 75.33 79.81 83.45 87.14
Wk WA 16.87 1472 12,23 10.92  8.73
A 14200 995 7.93 563 4.13
Ik 4847 58.88 66.17 72.52 79.49
Wk #AER S 3652 28.98 2562 22.04 16.26
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Table 12 Potential value estimation results

of valuable elements

TR i/ A/ W EE/ M HE/ BT

2 % (76/kg) kg It %

Au” 1.90 443 800 0.001 9 843.22 47.12
Ag* 41.34 5 360 0.041 219.76 12.28
Cu 0.39 64.43 3.9 257.72 14.04
Pb 1.20 15.75 12.0 189.00 10.56
Zn 0.42 22.76 4.2 95.59 5.34
S 9.54 0.35 95.4 33.39 1.87
Fe 12.92 1.22 129.0 157.38 8.79
Bt — — — 1789.62 100.00
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Fig.8 Flowchart of test principle
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Fig.9 Test process of laboratory process verification
F13 IZWIEAEER
Table 13 Test results of process verification %
i oL ER &
P gt - -
Cu Pb Zn S Au* Ag” Fe Cu Pb Zn S Au Ag Fe
Hi R 1.41  21.190 5.260 1.350 28.93 52.40 558 — 74.50  6.22  4.52  4.26 38.38 18,98 —
R 1.32 2.670 74.660 0.230 14.58 24.85 1730 = — 8.78 82.54  0.72  2.01 17.03 55.06 —
PERE AT 0.70 1.330  1.320 46.270 32.03  8.24 103 — 2,32 0.77 76.88 234 299 1.74 —
A 17.16 0.120  0.280 0.100 45.54  3.00 27.80 44.33 5.15  4.04  4.09 81.91 26.81 11.54 21.78
BEERAE B 20.29 0.012  0.041 0.033  0.35 0.47  4.14  63.47 0.61 0.70 1.59 0.74 4,97 2.03  36.87
R 59.12 0.060 0.120  0.090  1.41 0.32  7.45  25.22 8.64  5.73 12.20  8.74 9.82  10.65 41.35
SR 100.00 0.400 1.190 0.420  9.54  1.92 41.34 34.92 100.00 100.00 100.00 100.00 100.00 100.00 100.00

e x RR AuAg WA R g/t.

f2 13 Al AL R E 9 Fis i) T2, 78
TRHE B AR R T, AT ARAR A7 21.19 % L4 [T ik
T 74.50% A dm L 52.40 g/t BRI AL 558 g/t 14
KE 5 B AL 74,66 %0 Y LA 82,5400 4 if
24.85 g/t ARMAL 1 730 g/t AR IR 55.06 % 1 4%
RS0 s BEAR AL 46.27 %6 VBE DR 76.88 %6 Y EEAE 1™ 5
B b 57 45.54 %6 B IR 81,91 %, 42 b fiL 3.00 g/t

BB RS 05 4 SV 63.47 % L4k I IR 3R 36.87 %0 1Y Bk

UIER T

5 Hik

(D) EHESFmaREZ a8 mmir fAmTcER
Au.Ag.Cu.Pb.Zn.S Fl Fe, fhBbi4r %10 1.92 g/t.
41.31 g/t.,0.39%.1.20% .,0.42%.,9.54 % F1 34.92%,
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