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WE: ZRLHAREARERBE S ERY AT THET LR, FEF ] Cu3.66%, Pb 1.78%, Au 0.99 g/,
Ag 7534 git, B, HIUBH. FULFHMEREE, X, BHEBGERT —EMEBE. HREET A
£ 90% -0.074 mm K%M T, 2—KHEE—KAEKNZERE, 2B LABREEYT REALABRER
WiE, BRBMNERAEY 2B TABEULHARSE. RILCABREASBY RA—HSERANEZERE, U
Z-200 AW, NaSOs+CMC+ KEKBIERA EHMHIR, BRNFERET RLL24.61%, BIWE 68.65%, FIHET
B 4.60%, &6.29gt, R 37629 g/t, Fif4BMT AL 51.98%, EIER 42.34%, KPP 548 5.04%, & 3.1
g/t, 106.89 g/t FIFERIR. BELRBRERET RAERZERLS, ERBFIKRE 2.5 molL, WEL 2:1 1

BT, BH3h/E, HAHBHEIR 53.5%.
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Table 1 Multi-element analysis results of the raw ore

Cu Au*  Ag* Pb As Fe v

Si02 AbO3 KO NaxO CaO MgO P

3.66 099 7534 1.78 0.3 19.19  0.004

5949 291 0.35 0.11 0.14 0.15  0.01

* BN g/t
WREEHA: 2019-12-10; gXEIEAA: 2020-02-22
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Table2 Copper and lead phase analysis results of the raw ore

HHE 44 Mt mie i
WE wwm @ om S|y g BE
EE/% 074 0.19 273 3.66 ||[1.406 0374 1.78
EHZE % 2022 519 74.59 100.00]78.99 21.01 100.00

HMER2H, R A 2.73% K4 UL E K
R, HEHAK 74.59%, XH R THTEE
B, & 0.74% K B BHEALH X% 0.19% B4 &
W, SHAEML, BRENHE XSS E R E
BERHME; A 1.406% K8 R REFE, B
R 0.374% SOAEAH . ZF A REML. LR
&Y, ATRAWEMEWER. 4, xak. ®
WHIR S 2 BIBEATIRIF, BERYT B#ITHR. &
GBI RRERATH

2 ERAE
RETETWERR, By +&A7 270
TIRR. RO 577 B8R B BRER A, BRIk
NTERET Y, SEEKT, KETE 0.001 ~
0.02 mm Z [, FHT ERAR. ARSFHN
KR TERCE T MR | RIAATE 0.05 ~ 0.5 mm
Z 8. ATHMEWE. &4, #ITEVaELE,

HESENBY SR LER.
2.1 EEHESXE

KRB REHATEY AEER, mAHRE
KR AR NI 2574, Ca01000 g/t , NazSOs 2000 g/t
Z-200 250 g/t, 2* i 90 g/t; Ak HR HHE A A S D
BIZ574: KMnOs 300 g/t, Na:S+Na280s 1500 g/t,
2% Hi 85 g/t BRALER N B EAL TR 4 VR & Rk R AT
BB R ZXREM, BE—IREN 60%, S5
SEFERI 20%, WMPIK. ERERNE 3.
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Fig.1 Flowsheet of the grinding fineness test
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Table 3 Results of the grinding fineness test

-0.074 mm e o AL % EURE 1%
S8 /% i Cu Pb Au* Ag* Cu Pb Au Ag
MAFEREEREYT 47 1.96 1.14 95.76 32.85 28.11 29.40 33.24
85 SHFBBERET 417 1.23 1.03 88.67 17.20 10.43 15.71 18.21
By 3.08 1.49 0.92 60.14 49.95 61.46 54.89 48.55
By 3.68 1.77 0.97 75.44 100.00 100.00 100.00 100.00
BALRBR AR 492 2.16 1.19 100.33 40.94 36.96 36.61 4157
%0 FHFMBERT 453 1.45 1.08 103.27 23.80 15.66 20.98 27.00
By 2.56 1.68 0.83 45.96 35.26 47.38 42.41 31.43
Fy 3.67 1.75 0.96 75.51 100.00 100.00 100.00 100.00
RAUHMBERET 497 2.15 1.13 108.57 42.10 37.46 35.40 45.78
os FULRBEAREY 421 1.44 1.1 101.07 21.84 15.36 21.10 26.10
By 2.36 1.68 0.86 4135 36.06 47.18 43.50 28.11
Ey 3.71 1.77 0.98 75.37 100.00 100.00 100.00 100.00
* BT g/te

H& 3 A, FEEY HEN 90% -0.074 mm &,

FHABRERT PHBT MO N 1.29%,
85% -0.074 mm Nﬁ%ﬁﬁ%ﬁ?ﬁ%ﬁﬁﬁ“*ﬁﬁ%&ﬁ

2.78%, ERBMAFIEN PHEBEH TALE 2.16%,
85% -0.074 mm PERAL FUET P4 T A 1.76%.
7E 90% -0.074 mm W% T, BRALEIIES & Cu, Pb,
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Au, Ag KB I 85% -0.074 mm %4 FTHIE,
F s R, K 90% -0.074 mm KIBY 4.
ER 1R, SHEHRET . RSB
SRBEAT TERE, AEXTERALER I  E, EAE
FHE I Z-200 MR, Na:SOs 5 CMC A
EHHIF, 2f miE NERERF, BEE 1 KRS,
SRBEAT T Z-200. Na:SO: 55 NaoS K 2* i &
KB, N FEUFRTE, ZaHLRIEHARH
FIEREREL. RAURABHTREARE, BB
BERBT HTHENTRERRATITH, FERA
BRI T R TR 7 B .
22 HHEFHE
2.2.1 AR ST Z-200 FIE LR
257 %1459 Ca01000 g/t, Na2SOs 2000 g/t, 2*
Ho0g/t, EWMERNE 4.

F4 7200 BERBER
Table 4 Results of Z-200 dosage tests

2,200 LB AR WAL HILE ST
St % W /%
& /(gth) % =
Cu Pb Au* Ag* Cu Pb Au Ag

100 498 131 1.33 97.41 39.62 21.43 39.12 37.65
200 5.01 1.76 1.33 104.33 43.76 31.61 42.95 44.27
300 49 165 08 98.06 40.95 28.36 24.72 39.81
400 485 1.69 0.78 97.03 39.73 28.46 23.62 38.61

* BAR g/to

WF 4[5, 1E Z-200 {9 F &R 200 g/t B,
R EAAE S, HMA5.01%, EIE 43.76%,
AL 1.76%, BIRE 31.61%, SHAFEML,
200 g/t B FTAR- S0 IFRIR IS BN AR, B,
WaE Z-200 B FH &R 200 g/to
222 AR SR 2 MAELR

Z-200 FI & 200 g/t, FAR A LR K M5 Z-200
HAELBRHER. ERERNE 5.
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Table 5 Results of 2% oil dosage tests
7 BALIRE R R AL BACR AR
200 1% B /%
R (gt") \ ’
Cu Pb Au* Ag* Cu Pb Au Ag

60 49 193 093 97.0 39.24 31.78 20.03 37.74
80 503 1.98 1.2 9947 42.11 34.08 37.14 40.38
100 544 233 1.67 108.6 46.24 40.72 52.48 44.76
120 5.08 2.04 1.33 104.35 42.57 35.15 41.20 42.40

* BALA g/to

HERSH, E2" MMBARRN 100 g/t B, BE
KT P AL 5.44%, ML 233%, 4. HEE
RSN HIK 46.24%, 40.72%, FTEBHEIREL 80 g/t &
120 g/t BB, & VR BIR AR, B,
HasE 2" &N 100 g/t AE.
2.2.3 SEEALHR S XET M B

¥ Na:SOs 5 NaxS 1% 1:22 B BT IR A 1EAN
HEMFIFER, HEMT —ERE KMnOs 3|
A% B— 2 (MR o i PR B B A2 0 B R 2
WF: BEH R 90% -0.074 mm, 2*jH 100 g/t, T
H#75 120 g/t, KMnO4 300 g/t. SLREER ILE 6.

Fo HIHIFARLEER
Table 6 Results of inhibitor dosage tests

Z-200 WAL BR SRy Rr B RERET
& % B /%
gt)) Cu Pb Au* Ag* Cu Pb Au Ag

1000 4.30 1.57 0.90 91.78 20.11 15.10 15.56 20.86
1500 490 2.04 095 93.20 23.48 18.13 16.83 21.70
2000 5.17 2.1 1.10 109.80 25.42 21.37 20.03 26.28
2500 498 1.90 0.98 101.67 24.34 19.10 24.14 24.14

* BALA g/ito
B3R 6 &1, 7E4H & #H 7 8 A &5 2000 g/t
B, EHFHERERET PR SHEKRERS N
25.42%, 21.37%, M&. ROEWERBLEEMHPE
THREM®, Bk, 28 -6 %5 A B E 2000 g/t.
23 BUERESET OB
WALFSRERET SEN, EAT4E2—KkHdA
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e ZREE. RGN IEZERE. R
B IREZAT, BINT 30 g WEHERBEH 20 min
BEAT T BZ. kR, KA Z-200 1E A G,
CMC. NaSOs 5/KBHZ 3:62 WILBIRE)E, 1
RIMHREH L2 ORI, HRIEZR,
2F W EER 25 g/t

2.3.1Z2-200 FELR

FERHE T BER, ZRE 2200 HHT WERE
REFHIGEHME T Hae 18, EibfhmRi
Z-200 AT PR, REGE B R0 A0 40 A AR B
A 600 g/t, 2F YA 25 g/te KREERNK 7.
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Table 7 Results of collector dosage tests

Z-200 RRDL 1% EIWE /%
HE(gt) ReH Cu Pb Au* Ag* Cu Pb Au Ag
10 HET 20.15 4.18 5.57 330.40 58.36 24.91 59.65 47.62
T 13.46 33.15 2.88 103 8.09 40.97 6.4 3.08
20 HrER 22.34 425 6.05 358.47 59.82 23.43 59.98 47.77
ey 11.97 36.28 2.96 104.52 6.77 42.19 6.19 2.94
30 T 23.78 421 6.34 376.22 61.85 22.53 60.93 48.72
T 10.71 39.75 3.01 103.57 5.80 4422 6.02 2.79
20 FRET 23.88 4.06 6.27 369.60 61.98 21.68 60.16 47.75
BT 8.40 39.95 297 104.58 4.52 4421 5.91 2.80
* BTN gto

R 7 /50, ERWUGR Z-200 WAHEH 10 g/t 34
INE] 40 g/t B, KT WAL RN SALERTERG N,
EAFAEN 30 g/t i, WAEY AR 23.78%, [H
W 61.85%, HAFT BN 39.75%, U=

44.22%, MELZ T, 40 gt B, KT REBET B
o K B R e AN B B, Rtk #5€ Z-200
RIFHEN 30 g/t

232 M AELRR
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Table 8 Results of inhibitor dosage tests

Z-200 AL /% B /%
F& (gt £ Cu Pb Au* Ag* Cu Pb Au Ag
400 Ry 23.98 5.02 6.39 380.64 63.88 27.47 62.92 50.47
s 11.16 41.86 3.02 104.76 5.24 40.45 5.25 20.45
600 R 24.01 4.80 6.26 373.95 65.40 26.94 63.06 50.70
iyt 8.77 46.79 3.02 105.99 3.74 41.01 4.76 2.25
400 Y 24.29 4.56 6.24 370.37 67.43 26.01 63.99 51.17
T 5.13 51.11 3.02 106.01 2.07 42.21 4.48 2.11
1600 gxEr 24.29 4.80 6.24 370.21 67.49 27.43 64.13 51.20
B 5.16 51.12 3.02 106.01 2.00 40.78 433 2.04
* BTN g/te

ERB>EF, PAMEHHAE N
A, BRSH M, M B A A E N 400gt
B, ST &AL N 23.98%, WET PHRA
N 5.02%, SBFET AL 41.86%, HAER F AL
N11.16%, T 2530 57 6% A 238 n 2 800 g/t B,
HER SALEIN T 031%, 4T 45 AL BRI
T 046%, FRET KA BAYNAE, HRHRKEY
LRI T 9.25%, SR REH 4R M ALY 5.13%. T

LRI ARG NE, BT ERREHENR
H, FEBE, ER e ERE N 800 g/ite BAR,
Na:SO3+CMC+ /K R BRI 40 & i M BE HL R A E 4%
BRI B R e, B FIRAF) B,
233 AR ERER

Xt T HACS SR ST 5 B AT 7 &5k
BiE, #T 7 HARER, RELE?2, EFRAK.



- 96+ AR

2021 4
BRIRRALL: gt B +H28i03+2H20 (2)
o 1000 2.4.1 ¥ H IV B X8 3R B B0
7-200 200
2 100 o 10 ERAEBRHAKENRHERZWH. Bl
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Fig. 2 Close-circuit test results of separation of sulphide
copper and lead bulk concentrate
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Table 9 Close-circuit test results of separation of the copper-
lead sulfide bulk concentrate

oy AL % B /%
" Cu Pb Au*x Ag* Cu Pb Au  Ag

HIER" 24.61 460 629 376.19 68.65 2638 64.86 52.23
LR5T 5.04 5198 3.1 106.89 2.00 4234 454 2.10
EAR

P 20.05
By 028 027 0.4 21.00 548 1123 10.10 20.40
BEH" 359 1.74 097 73.49 100.00 100.00 100.00 100.00

517 211 1.2 109.88 23.87 20.50 25.27

* BALH g/t
24 SUWBHE

HERBEMFEE L ZRER. BED,
JREEE T MR, R R BRAKRESE
FEMENRET BB RE R U AR P
METHHREARENS, BEEAEERHE
HF RS . EH KR HF Y NH-NH4COs, [l
K, EEERP, LERFRELERATTURIFH
WIBME, FREEY Cu(NH:)COs, &S HE
R v,

CuCO3Cu(OH)2+6NH3+(NH4)2CO3 — 2Cu(NHs)
4COs+H20 (1)

CuSi03-2H20+2NH3+(NHe)2CO3 — Cu(NH3)s**

W/ (mol-L")
3 BUAREEHZENKE

Fig.3 Effect of leaching agent concentrationon leaching rate
BHFIRELE 25 mol/L £AEK, BEREX

52.3%, 7E 2.5mol/L LAJ5 , BEER IR ERIEm,

BHEBREEMMEM, BRZLEE, Fit,

B HAIBIREN 2.5 mol/L HEH.

2.4.2 BE X IR MR KR
ERARRE LR B R, SR&MH:

WEREET, ¥ 200 r/min, 2 HFHKE 2.5 mol/L,

BRHEFE 3ho R HLXHR HE R mILE 4.
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Fig. 4 Effect of liquid-solid ratio on copper leaching rate
B LA 2: 1 B, BRI 52.5%, HFR L
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Fig .5 Effect of leaching time on copper leaching rate
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Research on Separation of Copper and Lead of an Oxygen-sulfur Polymetallic Ore
Nie Qi', Ge baoliang®, Chen Zhengyun®, Qi lei!, Dong Juan'

(1.Kunming Metallurgy College, Kunming, Yunnan, China, 2. Faculty of Land Resource Engineering,
Kunming University of Science and Technology, Kunming, Yunnan, China;3.Yunnan Aluminium Co., Ltd.,
Wenshan, Yunnan, China;4. Heqing Beiya Mining Co., Ltd., Heqing, Yunnan, China)

Abstract: The beneficiation test was carried on a complex oxygen-sulfur bulk polymetallic ore. The raw
ore contained Cu 3.66%, Pb 1.78%, Au 0.99 g/t and Ag75.34 g/t and both copper and lead exist in the

form of sulfide and oxide, which makes it difficult to recover. On the condition of the grinding fineness of
© -200 mesh 90%, through the flotation process of one roughing one scavenging, the mixed concentrate of
Cu-Pb oxide and Cu-Pb sulfide were obtained respectively, which are treated to realize the separation of
copper and lead. When the process of one roughing three roughing two scavenging was adopted for the
copper lead sulfide mixed concentrate, the collector was Z-200, and Na:SO;+CMC+Na:SiO; was utilized as
combinatorial depressants, the obtained copper concentrate contains 24.61% copper with recovery 68.65%
and it contains only 4.60% lead, 6.29 g/t gold and 376.29 g/t silver. Meanwhile, the obtained lead concentrate
contains 51.98% lead with recovery 42.34%, and it contains 5.04% copper, 3.1 g/t gold and 106.89 g/t silver.
However, when the copper-lead oxide mixed concentrate was treated by ammonia leaching, the leaching
agent concentration is 2.5mol/L, the ratio of liquid to solid is 2:1 and leaching time is 3h. Eventually, the
copper leaching rate reached 53.5%.
Keywords: Sulphide-oxidized ore; Copper-lead bulk flotation; Copper and lead separation; combinatorial
depressants; Ammonia leaching



