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Abstract; An experimental research was carried out on mineral processing of a skarn-type low-grade copper-lead-zinc
polymetallic sulfide ore from the southwestern Yunnan under low-alkali conditions. In view of the ore characteristics,
such as multiple valuable elements, fine dissemination and uneven distribution of useful minerals, a low-alkali
processing technique consisting of copper-lead bulk flotation, Cu/Pb separation, and zinc flotation was proposed. With
the combined reagents of Z200 and BK906 as the collector for copper-lead bulk flotation, a combination of zinc sulfate,
sodium sulfite and sodium sulfide as the depressant, sodium sulfide combined with activated carbon as the reagent
removers for copper-lead concentrate, BK902 as the lead collector and BK520 as the copper depressant in the Cu/Pb
separation, copper sulfate as the activator in zinc flotation and BK906 as the zinc collector, a closed-circuit test
produced a copper concentrate grading 24.05% Cu at 88.18% recovery, containing 2.54% Pb and 188.00 g/t Ag, a
lead concentrate grading 75.55% Pb at 81.08% recovery, containing 2.57% Cu and 1 410.00 g/t Ag, and a zinc
concentrate grading 52.21% Zn at 90.47% recovery, respectively.

Key words: flotation; copper-lead-zinc polymetallic ore; sulfide ore; low-alkali process; copper-lead bulk flotation;
Cu/Pb separation; regrinding of rough concentrate; copper depressing and lead flotation; lead concentrate; zinc
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Table 1 Main chemical composition of raw ore %
Cu Pb Zn Au? Ag' ) TFe mFe
0.51 0.40 2.31 0.09 15.49 17.36 2.04
S C Sio, Al, O, Ca0 MgO K,0
2.08 1.68  42.67 1.89 18.02 2.27 0.32
Na,0 As Sh p Mn Bi
0.062  0.015 0.008  0.015 1.72 0.011
1) BN ¢/t
z2 YHESHER
Table 2 Phase analysis results
JLE AH G (REME) /% R %
AAb A 0.009 1.76
. WA B AL 0.016 3.14
AR B A AR 0.485 95.10
ait 0.510 100.00
AALHT 0.013 3.25
it i it 0.387 96.75
At 0.400 100.00
AfbEr 0.056 2.42
3 il eE 2.254 97.58
At 2.310 100.00
R3 THUERSWMER(REHE)
Table 3 Mineral composition of raw ore %
R NERET T BERRET BRI M SR BINA
1.47 379 048  2.60 0.32 0.30 0.02 29.03
BA fRa BiEA A% AWTA Astl Ka Hib
17.15 1432 9.69 12.34 5.60 1.64 041 0.74
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Fig.1 Basic flowchart for experiment
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Fig.2 Test results of Na,S dosage
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BRALEN , A AT A RS O & &, A T
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HY AR T 46.11% 5 5 58 15.76% , R B ARG
W S T IA 18.36% , A BS SR B E, LA HIE,
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Table 4  Effect of Na,S dosage on Cu/Pb separation by roughing

mALBIE, PR el L/ % Vel e /%
(g-t™) W TR/ % Cu Pb Cu Pb

HURDKSRT 3255 17.44  38.56  32.40  83.96

0 HIRLKS  67.45  17.56 3.56  67.60  16.04

4 100.00 17.52  14.95 100.00 100.00

U 2937 16.46  42.87  27.48  85.36

20 B 70.63  18.06  3.06 72.52  14.64

4% 100.00 17.59 14.75 100.00 100.00

HUORLDKSET 27.55  15.86 4592 24.87  85.94

30 HIHUEST™ 7245 1822 2.86  75.13  14.06

49" 100.00 17.57 14.72 100.00 100.00

UM 26,55 1576 4611 23.68  81.56

50 HIHDES®- 73.45 1836 3.77 7632 18.44

49 100.00 17.67 15.01 100.00 100.00

JBE2GRRAL B o 50 g/, HAB SR AR AN S , 1 ¢ H]
BT > BRI I LS 5 3R 5 al g Bl
i 24 156 A 2 PN, 73 B R oMU 7 Hh i 2 R
i LT VR (RIS S 2 R AR A, R it 87 41
[ e R P T B 5 T I 50 /0 s Bl AL
TR BEAR N I TR T 50 g/t I BHYRDISE™ Pl
B 15.78% HAVEALIEICR 25.23% , A] UL, 1 @R NG
PR B AT 47 0 52 R B A ol [ o 3 2R
%o LRI IETER R 50 o/t HH,

x5 EERAEXEES BHAERNIZIE
Table 5 Effect of activated carbon dosage on Cu/Pb separation

by roughing

W AR, A (A L/ % AALTTE
(g-t™h) AW TR/ % Cu Pb Cu Pb
HURDRSRT 5229 19.45  26.63  57.50  93.52

0 HHASET 4771 1576 2.02 42.50 6.48
4% 100.00 17.69 14.89 100.00 100.00

HURRSRT 35.11 17.61  37.11  34.75  88.70

25 HIHEET  64.89  17.89 256 6525  11.30
e 100.00 17.79 14.69 100.00 100.00

HUHREWT 28.55  15.78 4588 25.23  87.38

50 BT 7145 18.69  2.65 7477  12.62
49" 100.00 17.86 14.99 100.00 100.00

HOHESS™ 26.73  15.83  46.33  24.06  84.88

75 HORLRSS 7327 18.22  3.01 7594  15.12
49" 100.00 17.58 14.59 100.00 100.00

HURLRSE 2311 14.79  48.57  19.15  77.36

100 HHUSET 76.89 1877  4.27 80.85  22.64
4% 100.00 17.85 14.51 100.00 100.00
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BK520 20 G RHE AL AT FR 2 w0 A i — P 24
WA VLA HIF, SO H S TR, 25 g
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275 5 1 7 R o6 A A A R 2 T /0 T o B
A SEEGTBE AHR | B ORE P BEE  A
RHIBRALH + 15 PE 5 (50+50) g/t B2y, HoAh 2% A
A AR 7R BKS20 FH 5 X 4 4 43 55 R 3 114 52 i
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BRSO s S T VR IRDBCR I 2298 T B 4
i (S IR AR Al [l e 2R 3 5 R e R R R g ] L,
BK520 4 s R 48 A B W, 255 7% &, BKS20 &=
40 g/t MR, BEEHETHDRS 0 54 15.38%

&6 BK520 AEXRES BEEHRM
Table 6 Effect of BK520 dosage on Cu/Pb separation by roughing

BK520 fH#/  F=hh eI L/ % PR [T %/ %
(g-t™h) #wFR R/ % Cu Pb Cu Pb

HOMKEET 3541 17.12 37.63  35.22  89.91

20 MRS 64.59 1726 231 6478  10.09

55" 100.00  17.21 14.82 100.00 100.00

HYHDRE®S 32,22 16.02 41.11  29.83  88.84

30 HHAER 6778 17.91 246 7017  11.16
4% 100.00  17.30 14.91 100.00  100.00

HURASS 28.43  15.38  46.02 25.14  87.81

40 HHAEET 7157 18.19  2.54  74.86  12.19
4% 100.00  17.39  14.90 100.00 100.00

SR 2633 14.80 46.87 2250  82.66

50 HFAET 73.67  18.22  3.51 7750  17.34
5% 100.00 17.32  14.93 100.00 100.00

3.2.3 BK902 &k

BKO02 A 1E R A A FR A WY EF X 4R 43 25 i
TIF 11 SRR A ISR, 20V 0K, XH i P i g
FIRABXT T IR S, R EREH N 43 T
B I GRS AR IR A AR b A GR i A
AR THIER 5385, AR BKS20 FH L 40 g/t, H
SRS TR T EHUCR] BKOO2 FH 5 Xt 4 45 43 3
FHTE () 52, 25 5L W36 7, 38 7 T, 4 )
BKO02 FH i, HrHURE 7 B 7 2838 T B, Bl
D Se K - T 6 o A5 R M T A 36 34) 3% 1477
B AR BK902 & 20 o/t N
3.3 gEHEILE

HAETIR A LR 0 R FH T — WA
3.3.1 BBRARA BRI

HRAIR A TR E BT B, 20 A 90 1 350 G T 0 + 1 A +
AT R A 5 Z LA T DB PRI T, I AR AR

&7 BK02 AEXRH S BRI K R0
Table 7  Effect of BK902 dosage on Cu/Pb separation by roughing

BK902 A&t/ =4 4 L/ %o Al B/ %
(g-t™h) HFE R/ % Cu Pb Cu Pb

HUHASET  23.11 13.10 49.23  17.05  76.46

10 HIHMRER"  76.89  19.16  4.56  82.95  23.54

4% 100.00 1776 14.88 100.00  100.00

HUHASET  28.62  15.51 46.02 2511  87.63

15 MRS 7138 1855 2.60 74.89  12.37
4% 100.00  17.68 15.03 100.00  100.00

YRR 29.17  15.69  45.87  25.96  89.50

20 HHASET  70.83  18.43 222 74.04  10.50
4% 100.00  17.63 14.95 100.00  100.00

HORUER 3125 16.13  43.11  28.63  90.66

25 HHMLKSS 6875 1827 2.02  71.37 9.34
445 100.00 17.60 14.86 100.00 100.00
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Fig.5 Effect of CuSO, dosage on Zn roughing
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Table 8 Results of collector type and dosage for zinc roughing

W, IR R WL IEL 6, IR A5 R L3R 9, MR 45
REW], AR ARG B K AR R P, WG Cu dh ff

ISR i T g ST 24.05% Cu IHCH 88.18% GO, Ph i 175.55%
RS 617 305 9231 Ph [ 81.08% M AE B Al Zn ki 252.21%  Zn [1]
T 20 RO 93.83 0.17 7.69 W 90.47% M BFAE I, EEA M OTRE M Bk
4% 100.00 2.04  100.00 P\ P e s W pL YN A M
SRS 7.52 25.67 93.71 ﬁr%?a*/ﬁ@%,ﬁiimiéﬁﬂﬁﬂrm = @W,j‘z’@ﬁ%ﬁjﬁ
THEZ 30 RO 92.48 0.14 6.29 W AR AR T — 2B LRI Au Ag S
@Hmn 100.00 2.06 100.00 H
PR 9.07 21.55 94.88 A2 0.07,5.48 g/t
THEZH 40 Ry 90.93 0.12 5.12 LA
B 100.00 2.06  100.00 4 45e
PELREDT 657 27.50 88.57 . N . .
BK906 30 RH 93.43 025  11.43 1) BRSO 5 B BT J5i b £ ] MOt R A
49" 100.00 2.04  100.00 Cu.Pb.Zn, fi 753 51K 0.51% .0.40% . 2.31%, f /&
PERLFED 591 32.68 93.76 . . .
BK906 40 %7&; 94.09 0.14 6.24 Au Ag i L3579 0.09 .15.49 g/, &1+ AT [T
4f 10000 206 100.00 SR YA N RO, R TR a e
PRHLER 5.96 32.37 94.11 g ) e s S
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Fig.6 Flowchart for closed-circuit test
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Table 9 Closed-circuit test results
En L/ % [/ %

AR R Cu Pb Zn Au") Ag" Cu Ph Zn Au Ag
HiAs ™ 1.87 24.05 2.54 4.07 0.85 188.00 88.18 11.58 3.28 17.66 22.70
LA 0.44 2.57 75.55 1.11 0.52  1410.00 2.22 81.08 0.21 2.54 40.05
PERE 4.02 0.20 0.13 52.21 0.09 15.90 1.58 1.27 90.47 4.02 4.13

By 93.67 0.04 0.03 0.15 0.07 5.48 8.02 6.07 6.04 75.78 33.12
B 100.00 0.51 0.40 2.31 0.09 1549  100.00 100.00  100.00 100.00 100.00
1) BN g/t

2) 147 K& 1.0 kg/t BAEHR (pH =~ 10) 5 1F
T, SR B AL A4+ B PR B + LU R A ) AL B R R
A B A TR AR B B m A R I DN RERT 3 A 2 B I
BB A P A 25005 1240 G 3 i 590 5 2L o 2o A TN
W, EREHGR BKO06 X 7 #5 Ke G 1k 5 1 TN B
PR AR R PEVERTOSCR . 7R AR 40 -0.037 mm
B 90% 51T, PRI 3 A5 B 1 i 71 BKS20
FERRA 73 2 2k AR TP ) EA B s B A R %
S B A B PR AT IR BKOO2 , 4 4T 4 B A AR R
U 2GRN LA X AR S 0 0 1) 43 B 2% R
fA) 38 IV BE T

3) RHMROHEE S T B AR & T - 4 o0 -
PRI T 28, TR A 25 00 ) B2 T, AT 4R 45 Cu i 2
24.05% Cu D% 88.18% P Y 2.54% 4R 188.00 ¢/t
FIEREE, Pb S 2 75.55% . Pb [ 81.08% . & Hil
2.57% . F4R 1410.00 g/t WERED 1 Zn §h 47 52.21% |
Zn IR 90.47% ERRSB™, JB0H Au, Ag 7 % =
0.07 .5.48 g/t AHA A5 B, & A F ]I 3248 A
AR,
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