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Study on Occurrence Characteristics and Beneficiation Technology of
Gold in a Copper-Gold Polymetallic Ore in Yunnan
DUAN Shenghong , GAO Qi fang
(Yunnan Gold Mining Group Co. , Ltd. , Kunming 650200, China)

Abstract: Taking a copper-gold polymetallic ore in Yunnan as the research object, the beneficiation
characteristics of gold in the mixed system of associated sulfide ore and magnetite and the influence of carrier
minerals on its beneficiation index were explored. According to the occurrence state of gold in the ore, the
characteristics of embedded distribution and the diversity of carrier minerals, the technological process of
copper flotation, sulfur flotation and magnetic separation of magnet minerals was adopted. Under the best
comprehensive conditions, the copper grade and gold content of copper concentrate are 18. 63%, 63.24 g/t, the
recovery of copper is 88.67% , and the distribution rate of gold in the copper concentrate is 67.06%.
Sulfur grade of sulfur concentrate is 47. 86% . containing 2. 41 g/t gold, sulfur recovery is 86.16% ., and
the distribution rate of gold in the sulfur concentrate is 15. 08%. Iron grade of iron concentrate is 59. 55% ,
containing 1. 20 g/t gold, iron recovery is 38.22% , and the distribution rate of gold in iron concentrate is
10.51%, which provides a theoretical basis for improving technical and economic indicators and process
improvement.
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Table 1

Results of chemical

multi-element analysis /%
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05 B AT Z (8] 5 2) 2 AR A B R & T A
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Table 5 Distribution of gold grain size

G/ mm 434 0 BB %
—0.1640. 08 5.54
—0.0840. 04 17.54 23.08
—0.0440. 02 18. 46 41. 54
—0.0240.01 29. 63 71.17
—0.0140.005 10. 64 81. 81
—0.005 18.19 100. 0
it 100. 0

4 Au” AgP  Cu Pb Zn InP GaP? Pt? Mn PdV

i 2.10 24.20 0.45 0.013 0.03 2.25 33.51 0.09 0.34 0.03
44 S TFe C  SiO; ALO; CaO MgO K;O Na;O As

Far 8.35 29.54 2.30 39.78 5.03 6.84 4.60 1.38 0.24 0.11

H DA g/t FIF
R2 EUMHEIWER
Table 2 Results of copper phase analysis /%

ARG B SR AR ARG A
A 0.003  0.042 0. 062 0.343 0. 45
HAE 067 9.32 13.78 76.23 100. 0
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Table 3 Results of iron phase analysis /%

BB RERRET WERMEERET LD kA B
G 11.83 7.23 8.03 2.35  29.51
HAE 140,09 24. 50 27.21 8.20  100.0
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Table 4 Results of gold phase analysis /%
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LEaasD 1.6l 0.03 0.28 0.17 0.01 2.10
HAEFR 76,36 1. 36 13.18 8. 20 0. 90 100. 0

HIZE 5 SR ATANL 28 1 MR XY 6 5 T i B 56
2 Bl 2 4 T BE R LA I, S 4 B AT 3 4
ANH T I 5 SR IR L o A 4 7 e 9 T Bk
v < 1 R A 7= b i A

2 RKEZR54#®

H AR & W SRS 0o 2 Bk B LR L T
BEHEATIE O R RS R A B S
Wk Fe o g . A SR B G nT PR A 25 By [ i
Bl 2 Y 20 B B BE R 4 AT R AT [
W o ASTFIZE R G 7 W) AT I IR 22 S R TR I R T AR
PP ) T 0 < Y [ AC R A 7 il v 8 A A R B
Wi o ARGE AT B E RAEHAE O A T R
P, TSR0 e 4% D) 4w 4R TR 0 K
2.1 By HEERRE

VB A0 B2 2 2 W e A AT 00 W L e AE T
T A B SRR B 2 — 2R A AR 4 R DA IR
ARAFTE B - BT ARORE P AR B 501 A 10 0 25T R A7 A B
VR 200 B2 8 < A A% B2 7 i R 0 A1 R R L R
ff 5 3 Y B A BE R T TR A ) B A A
JEE A o B A R 4 0 AR B O e B AR AR AT
TEARZS o 75 BRI R 40 3 X 1B 1) 416 A B 4 70 A R 1Y
SR HEAT T BT 20 R U i U A UL R 1L A
R 6.



.« 34

ARk (RTHY)

2021 455 4

G RN gt
Pl . PRIERE AL min
G

AL ()

7-200 40 FAFE 20

ST =

1 ByH@EARRE

Flowsheet of grinding fineness tests
xo6 EBTHERKER

Table 6 Results of grinding fineness tests /%

Fig. 1

BE 4 B aaE LA Bl
(—0.074 mm) & Cu Au? Cu Au
SHTHKE T 5.02  7.25 23.10 82.78 55.23
70 B 94.98 0.09 0.96 19.22 43.67

JRH" 100.0 0.45 2.10 100.0 100.0

ST 4.11  9.11 30.17 85.08 59.04
80 R 95.89 0.068 0.90 14.92 40.96
JEH 100.0 0.44 2.11 100.0 100.0

SRS P 3.91  10.01 34.73 85.17 64.35
85 B 96.09 0.071 0.75 14.83 35.65
9B 100.0 0.46 2.08 100.0 100.0

SRR 4.38  8.89 31.07 86.61 64.81
90 B 95.62 0.063 0.77 13.39 35.19
J5 100.0 0.45 2.10 100.0 100.0

I8 6 25 ] L Bl 25 B A 40 5 1S n L RLRE v
A VA 7 6 W T S R AR A T A R At 3
Thim J5 8 T A g . X T4 ok 1, Y 8 40 B Gk 3
—0.074 mm (5 80 Yo, HUKE & vh 4 62 R 9. 11 %%
Wi 5635 5 85. 08 V6 . 4k L2 38 i 5 1 41 &, MUK 97 4
TR AN BT SV A 205 307 N NE D Ol R o S e < |
JEA #) —0.074 mm (5 85% B, ARG 4 A R
34.73 g/t [ K 3k F) 64.35% , 4k L2 1 hn BB 40
JE o 4 ISR AR Al BE AN KL T 4 AL TR 4R T R . 27
BFIE B A EEEE —0.074 mm N 85U KK
hH
2.2 kA KAERE

T S R TR B R X R AR KL A A
RIRE TS KB TR AR TZ&ET 1
TR . ELW e 2 & B w4 n o s, 6
BT AT A R R G, BT AN E AT L AR TE]
W B SRR A PR 25 ORI AL R R
FIB A7, 76 B ARIRAS T A, 07 2% 1 W0 I 1R 1 ¥ 4k
W5 B B 6 A . T A K BT B AT AR
il 700 5 k25 5 I S8 X 18 1) 48 AR R 5 ), SR H —

UCHLEEAE . [ % B 5 40 2 9026 — 0. 074 mm, #f
W) Z-200 HIH ol 40 g/t AR O 20 g/t i
30 ] o i s 3 0 A T PR 1 K A R
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Table 7 Results of lime dosage tests /%

K=/ [, LA e
(kg+t D Cu Au" Cu Au
5 SHHMET 6.21  6.35 22.34 85.67 66.03
By 93.79 0.07 0.76 14.33 33.97
(pH=7.5) FH  100.0 0.46 2.10 100.0 100.0
5 LM 5.43  7.11 25.54 85.81 65.44
By 94.57 0.07 0.77 14.19 34.56
(pH=8.5) EA 100.0 0.45 2.12 100.0 100.0
A LHHRET 3.83  10.13 35.56 86.13 64.78
R 96.17 0.06 0.77 13.87 35.22
(pH=10) JE 100.0 0.45 2.10 100.0 100.0
5 SHHRET 4.01  10.09 34.02 86.07 64.65
=t7n 95.99 0.07 0.78 13.93 35.35
(PH=1D I A 100.0 0.47 2.11 100.0 100.0
LSHMURST 3.91  10.12 34.72 85.97 64.91
COH—12) =200 96.09 0.07 0.76 14.03 35.09
pH=

SR8 100.0  0.46 2.09 100.0 100.0

i 2 7 45 2R AT Bl A O R R3S R
Wb e A L T TTHLRS s A ] iR
AR R YA K E N 4 kg/t B KBRS 97 b 42
LIk F) 35.56 g/t 4 S (i ik #] 10. 13 %0, 4k B2 3
AW/ QAR R SR TR AT A N NI E R L o =
THROE. Ga%E. 0 RMNEESE 4 ke/t HEH. [H
s T LA 7E AR S R & P 1 A K
O 4B 8 5 e G X SCRR TR BT e B o A
TR i 5 4 W) TR B AT 5 B 4 A D 4 RO — B
T BE B AL W 1Y AE A 0 58 T A RN U R A T R
IR
2.3 SfMEEHEGHMERAEX IR

SRy 2 B AN [ ol 288 B4 4 MACR) XoF 328 01 6 s 19 52 i, SR
FH— AR - [ 5 BE B 40 BE R 90% —0. 074 mm,
FABEM O 20 g/t 04T 1 4l W) b 2 B o x
Foal e, I i A [ (81 1, iU 45 2R Ik 8.

H1 5% 8 45 2R R0, B 47 WA ) P 6 1 RS
B it S T AT < L TR SRR U T o 2 A
FIHI R 40 /¢ IF {58 P A AR W) L 4 L 5 TR i
AR TRGE L Ak S 1Y I WO T B ORDR B b 4
i LT B R . E SO & O 40 g/t LR
R AT v e [T S 3R A 22 AN KL T JH BKO16 KUK 3
SRR 2 DA R GE %R, i BKo16 1E
Sy 4 KL B A SR L A R 40 g/t
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Table 8 Results of collector types and

dosage comparative tests /%
Fol W3R ol 28 B A/ A [a] i >
PR R -
(get 1) Cu  AuP? Cu Au
SAMKE T 3.49 10. 35 34. 04 80.33 56.62
20 BH 96.51 0.09 0.94 19.67 43.38

JE " 100.0 0.45 2.10 100.0 100.0

SIS R 3.82 10. 14 36.46 86.14 65. 44
Z-200 40 ==Yn 96.18 0.06 0.77 13.86 34.56
JE 100.0 0.45 2.13 100.0 100.0

SRS 4.24 9.02 32.59 86.89 65.78
60 B 95.76 0.06 0.75 13.11 34.22
S 100.0 0.44 2.10 100.0 100.0

SRS 3.51 10.87 34.70 81.07 57.65
20 B 96.49 0.09 0.93 18.93 42.35
JEr 100.0 0.47 2.11 100.0 100.0

SHBAE S 3.75 10.66 37.82 86.97 67.91
BK916 40 B 96.25 0.06 0.70 13.03 32.09
By 100.0 0.46 2.09 100.0 100.0

SHTHRS T 4.84  8.23 29.64 86.67 68.06
60 BH  95.16 0.06 0.71 13.33 31.94
JE 100.0 0.46 2.11 100.0 100.0

2.4 EEEEETNAERE

G H B REAR R . 5 U 5 b 6 B U 2 I 9% 4l
SR TR TR T Gl 9 FAURE 4 S 5 Bk 1 3% 2B A 5 I
T YR [ 3 b PRk 4 o) B 3 A A0 R/ AN
KR EtE R B RE M. W E B0 48R 90X
—0. 074 mm, #ABE I 20 g/t 3047 T 250
AR R AR F A 1L IR A R LR 9.
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Table 9 Results of froth agent dosage tests /%

2.5 sHmEAEHRUMASEIAE
TEBALH™ E] 0 A s R E 1 —
7E—300~ 100 mV, 3 A>3 L (o % T 4R 745 fe £ 1)
[ WAL ST 5 R A A A B R )R X R
0 FIRE B A 4500 W) 10 37 2 T B 2R ) S A 1Y
ST, 0T 4 1 I W AT B R ) S . AR B 3
U B SR R AR 25 D) L XoF AR 4 BB SE Y T
VEAT TCA W) 5 S A T L R T R 2 4 BBk AT AL
BTG A 9 25 S a4 40 X 2 331 438 A 14 52 Wi [ 72
T AR 2y A 80 g/t MBI T A 30 g/t X 4
i e R AT HEAT T AR AL B L R U AR DL 1A
2, IS5 R WL 10,
o mr
3 x wiAksh (5
3 X THEEZY 80
2 X AREEI 30
E ke
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Fig. 2 Flowsheet of sodium
sulfide dosage tests
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Table 10 Results of sodium

T EEIh A A/ i 3L EF e
FEEAARR R ‘ ‘
(get D) Cu Au? Cu Au
SHHMET 3.34  11.35 34.31 84.33 54.62
10 By 96.66 0.07  0.99 15.67 45.38

JE 100.0  0.45 2.10 100.0 100.0

sulfide dosage tests /%
ALBI R/ R i B ] i %
(gt D B 7 S Au S Au
SHMKET 19.38 33.54  1.65 83.33 45.62
0 =208 80.62 1.61 0.47 16.67 54.38

e 100.0 7.80  0.70 100.0 100.0

SR Y 3.80  10.21 37.75 86.33 67.44
25 B 96.20 0.06 0.72 13.67 32.56
JE 100.0  0.45 2.13 100.0 100.0

SWOEASS 18.07 36.18 1.83  85.11 46.44
500 By 81.93 1.40 0.46 14.89 53.56
g 100.0 7.68 0.71 100.0 100.0

LUK 4.56  8.35 31.20 86.59 67.78
40 By 95.44 0.06 0.71 13.41 32.22
T 100.0  0.44 2.10 100.0 100.0

LMK 17.59 38.35 1.86 87.59 46.78
1 000 = 82.41 1.16  0.45 12.41 53.22
“wy 100.0 7.70  0.70 100.0 100.0

FT e O 45 2R AT A0 i 2 5 I3l T 10 38 RS
7 V5 A3 8 T AR [l A 5 3 T e s LR P
it (8 S T e e R AR Tl R B T e 2R IR A
Bl 4 25 g/ I ORDRS &7 P A 628 10. 2106
Gl 37.75 g/ HUKE B AR IRy 86. 3306
SNy 67. 4406, LG5 8RR AL B
25 g/t NH.

AT 17.71 38.40 1.88 87.21 46.99
1500 B 82.29 1.21  0.46 12.79 53.01
e 100.0 7.80 0.71 100.0 100.0

13 10 452 a] 4. i G A gk 2 B3 RS B
Hh g A A LR T VR DR L T L 2 AR
BAHIE N 1000 g/t UG A4 62 1. 86 g/t B i
i A 38. 3506 » k£ 1 I At Ak 4 A RLRS 7 48 s A2
AR L5 25 . B Ak B8 & 2 9% 1 000 g/t
B[RS 2R o 2 W 7 R A B A BBk AL R
R o Al 0] T v 2 R A L A R A B
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Table 11 Results of butyl xanthate dosage tests
/%
THEH MR TR ek i 7 EALpE
(get™H 2T a3 S Aul S Au
MRS 17.15 38.94 1.88 85.53 45.31
40 R 82.85 1.36  0.47 14.47 54.69

9HH 100.0 7.81 0.71 100.0 100.0

LMY 17.52 38.26 1.87 87.16 46.83
80 =20 82.48 1.20 0.45 12.84 53.17
B 100.0 7.69 0.70 100.0 100.0

MM 18.53  36.35 .77 0 87.49  46.95
120 R 81.47 1.18 .46 12.51 53.05

EFHAET 19.14  35.68 .71 87.54  47.31
160 B 80.86 1.20 .45 12,46 52.69

1
0
B 100.0  7.70  0.70 100.0 100.0
1
0
e 100.0 7.80  0.69 100.0 100.0

Y& 11 AT, Bl T 2k B 24 F i 35 om, RDRg
W & B L 38 U AT AR DR B A . Y
THEEBEZG Y 80 g/ t B KRG A 4 i D 1. 87 g/t
B h vk 38. 26 %0, Ak S 3 i Tk #5245 R RS B
TG R i 7 328 U AR A L TSR AR AR K &5
BEIE, TR UL 80 g/t HH.
2.7 BEWMBT HORIE R

WG 2 & W BBAR T ) 22— RER TAT ISR 2R
MIAFIR , ELEE W 4 P 25 4 Il . X SRR B .
K — M —AG R AT T 559 MR 3 0 R X R L e
TR UL 3 A R LR 12,

Y 3% 12 25 5L 0] 1, B 5 K 358 W4 3 o B 1) AR
SR RN AL R VA o = TR VA SO O Y SR it
Sy B TR B0 ARG 0 v Ak 7 B AIG T A L R R L
MR T . SR BERE R R 1749 KA/ m K 1%
Wi By 127. 2 kA/m B 4R A5 19 BokE 7 4 it fof
1,20 g/t RS R 59.55% , H TSR Th A ]

FRW W 4. 285 % 08, & |03 o ol 1k
174.9 kA/m k5% 127. 2 kA/m,

EL

S5 I 1
)

Y
CERS =

B3 miipREIRERRE
Fig. 3 Flowsheet of magnetic field

intensity tests
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Table 12 Results of magnetic
field intensity tests /%
S0k B/ 7 (2 AL (AELiES

(kA+m 1) H R PR Fe Aub Fe Au

TEYKET 19.16 61.45 1.19  45.53 54.31

M 127. 2
R 80.84 17.42  0.24 54.47 45.69
Wik 79.5 (27 100.0 25.86 0.42 100.0 100.0
Wik 1749 GaYHET 22.89 59.55 1.20 52.85 63.83
B 77.11 15.77 0.20 47.15 36.17
ik 121.2 n 100.0 25.79 0.43 100.0 100.0
W 206, 7 A RRE T 2036 60.87  1.17  47.49  56.95
o B 79.64 17.21 0.23  52.51 43.05
Tk 79 BE 100.0 26.10 0.42 100.0 100.0

2.8 RN

e 50 i 1Y B R S 80T AT & R IR
5 i i R DL 4, g g5 R L& 13,

18 13 g5 ] 1, 78 e AR 55 1 T S RG] o
7 18.63% &4 63,24 g/t A Al %K 88. 67 %, 4
TEAR RS 0 b 23 A5 2 Ry 67.06 % 5 B RS W % &h 62 A
47.86 % Fr 4 2.41 g/t BRI R Ry 86. 16 %, 4 7
WA 0 b A A5 B ok 15.08% s kS 0 4k B A
59.55% &4 1.20 g/t, B E N 38.22% , 4 7F
BRSO 10051 %, & 18 = Fh = S i 28
MRy 92. 6500, Z5HERM, AT T2 R
XA S H R A4 L S & b S
PR 5 DT Fe A PR B b 4 5 1 4 I IR R U AR AR .
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Fig. 4 Flowsheet of whole process tests
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Table 13 Results of whole process tests /%
o =
o e i oL B
7 R Aul’ Cu S Fe Au Cu S Fe
RSN 2. 24 63. 24 18. 63 28.56 20. 15 67.06 88. 67 7.66 5.38
G TR 14. 94 2. 41 0.15 47. 86 44.19 15. 08 4.98 86. 16 22. 35
AR 18. 96 1.2 0.038 0. 39 59. 55 10. 51 1.61 0. 89 38. 22
By 63. 86 0.2 0. 032 0. 66 15. 75 7.35 4.74 5.29 34.05
JE 100. 0 2.1 0. 45 8.35 29. 54 100. 0 100. 0 100. 0 100. 0
. 3)TEVEIE 2 4 WA B L B Ak Al X AT A A Y
3 4%

D @ AE A1 b i i A oRL BE A7 7E T8 U F B R ™
P i) R 6F < 19 1T WSO R R < A 7 R R 0 A 5
M 25 Ko AT LA 3 gk i v S A 4 R R S R R A 4 VR
i 1R 4 B PR A DR

2) 4 e 55 A A B TR A AR AR R R B A K
X BRI B R B 3 AR R B 08 ) 4 B e L L X S
SCHIR P IO Y I A R BRI G 1) T T A A 1
il VR T A5 R AT B A4 o 1] BE 2 AL 7 40 1 A7 7 H1 55
T AT U S 4 T PR B

TEACVE R FE /b T 5 i 25 sl N OGR4 . &
S HARD L AR AT BBV . HomME pH X LR
TR A/ o T TR AT e 5 BT AR B M RN AR 45
A,
DIERAELE A F M F AT T 2 W B8, K14
RS B A 18, 63 %60 L 4x 6324 g/t 4 [l iR
kg 88. 67 Y6 . 4 AE Hil RS B A A R R 67. 06 %0 5 B kS
WHLAL LN 47.86% . % 4 2.41 g/t, B MY R Hy
86. 16 %0 . & FEGAE W T 4 A F 2 15, 08 60 s kG ™ ik
afL R 59.55% . 4 1,20 g/t, &k IR RN
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