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Abstract: Tailings of Pb—Zn ores from Yunnan province
of China are of high sulfur content and contains the Pb __ Tailing samples

0.84% and the Zn 3.67% respectively, it is economic to — >
+0.075 mm —0.075 mm

comprehensive recovery these valuable minerals from the
Sieving

tailings. The results from processing mineralogy of these

A

tailings, the Pb-containing minerals existed mainly as (" Grinding

Sulfide mineral

~
galena and cerusite and the Zn-containing minerals as I flotation

sphalerite and smithsonite. The laboratory-scale flotation

experiment indicated that the valuable minerals were Concentrates 1 Desliming

effectively recovered by the differential flotation of sulfide

minerals, followed by the desliming and flotation of Slime Oside mineral

smithsonite. It is also found that the recovery and grade of

Zn concentrate are significantly improved by using the Conconirates2 Final Jailngs
amine collector with the different chain lengths during the

roughing and scavenging flotation stage of zinc oxide minerals. Besides, these problems such as a large amount of foam
and the difficulty in defoaming existed in the flotation of smithsonite were avoided by using the different chain lengths
amine collector. The recovery rate and grade of zinc sulfide concentrates were 23.46% and 13.04%, and the recovery
rate and grade of zinc oxide concentrates were 27.86% and 51.69% respectively. The total recovery rate of Zn
concentrates was 64.73%. The “Sulphide Ore Priority Flotation-Floating Sulfur Tailings Desliming-Zinc Oxide
Flotation” process successfully realized the efficient recovery of lead and zinc minerals in the tailings. In addition,
organic amine salts with different carbon chain lengths are used as collectors in the roughing and sweeping stages of
zinc oxide, which successfully solves the problems of defoaming difficulties and low concentrate grades that are
common in the zinc oxide flotation process. It realizes the efficient recovery of valuable minerals in the tailings, and
provides an important basis for the reutilization of this tailings
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Table | Chemical composition of tailings
Element Pb Zn S Fe Ag* Ge*
Grade/wt% 0.84 3.67 1.63 2.94 5.20 4.05
Element CaO MgO Cd AL O3 SiO,

Grade/wt% 33.92 11.75 <0.005 1.25 2.97

Note: * unit was g/t.
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Table 2 Chemical phase analysis of Pb in tailings

Pb phase Cerusite Galena Cechite Other Total
Grade/wt% 0.66 0.09 0.04 0.05 0.84
Distribution/% 78.58 10.71 4.76 5.95 100.00

*3 B AT zo MRS

Table 3 Chemical phase analysis of Zn in tailings

Zn phase Smithsonite Sphalerite Willemite
Grade/wt% 2.04 0.60 1.01
Distribution/% 53.54 15.78 26.75
Zn phase Gabhnite Zn-hornblende Total
Grade/wt% 0.08 0.07 3.81
Distribution/% 2.10 1.83 100.0
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Fig.1 Typical dissemination characteristics of smithsonite and cerussite
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Fig.2 Experimental flowsheet of tailings recovery
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3.1 WU FiE

3.1 BENUHEE R

WS E TR, R 3 B RO R EE
W INEED IR SR BE X AN, Rt HARE P el s
ROR, VRIERT AT . B AN RIS A s Ak
TRERAR 150 g/t, T3 100 g/t, 2 5130 g/it, BER YHEE
XPRER B b A7 A0 R SCR I E G 3R 4 BrvR . iR AT LG
tH, XFRAHHMTE S, AR TR Rk
HEE RIS . S — D7 T RE B =y H AR R R B
IS RERR B AT IEDAE R, WEH PR
BF R, 2565 R A s g AL AN R, &
B BE 41 N-0.074 mm, (5 78.0%.

3.1.2 VS A T I FH D

H TN 2 Z B, S T
B2, MNE SRR T R E A W s,
Gb, BEVIREA TR, WA AR NET, BERYWOX
o INERT, TEIRE R IR R B HEAT 54 . AR B R
i FH 2RI 2 N BSR4 FE-0.074 mm 5 78.0%, T &
100 g/t, 2 53l 30 g/t, SEIGZER IR S fron. WNRATE
H, A FIES RS, EUHIINGRERE, HEhTiE
EPEERERT I ISR, YRR FH A 300 g/t B, AERTH
BER)ERALATIE 21.19wt%,  [EIHCER 16.09%, K& FHH"
() 2RI IL 18.31%.

F4 BUHEERELER

Table 4 Experimental results of grinding fineness

Fineness Grade/wt% Recovery/%
Product Yeild/%
—0.074 mm/% Pb 7n Pb 7n
72.0 Concentrates ~ 3.12 3.16 1732 10.66 13.06
(without Middlings ~ 1.92 231 493 524 264
grinding) Tailings 9496 074 3.1 8410 8430

Feeding 100.00 0.85 3.59 100.00 100.00

78.0 Concentrates ~ 3.08 3.28 18.00 11.87 15.58
Middlings 1.88 2.42 5.41 5.36 2.86

Tailings 95.04 0.74 3.05 8277 81.56

Feeding 100.00 0.85 3.55  100.00 100.00

85.0 Concentrates ~ 2.74 3.11 19.71  9.38 14.68
Middlings 1.72 228 5.21 432 2.44

Tailings 95.54 0.82 3.19 8630 82.88

Feeding 100.00 091 3.68 100.00 100.00

90.0 Concentrates ~ 2.79 3.08 18.72 9.95 14.82
Middlings 1.88 1.88 4.28 4.09 2.28

Tailings 95.32 0.78 3.07 8596 82.90

Feeding 100.00 0.86 3.53  100.00 100.00

x5 OEWTIREEAREREER

Fig.5 Experimental results of activator CuSO4 dosage

CuSOy Grade/wt% Recovery/%
Product Yeild/%
dosage/(g/t) Pb Zn Pb Zn
0 Concentrates 3.48 299 1648 11.03 15.38

Middlings 1.72 241 465 443 2.16
Tailings 94.80 0.84 324 8454 82.46
Feeding 100.00 094 3.72 100.00 100.00
150 Concentrates 3.19 3.02 17.76 10.73 15.48
Middlings 1.69 237 454 448 2.11
Tailings 95.12 0.80 3.17 8479 82.41
Feeding 100.00 090 3.67 100.00 100.00
300 Concentrates 2.71 332 21.19 10.50 16.09
Middlings 1.71 237 462 473 222
Tailings 95.58 0.76  3.08 84.77 81.69
Feeding 100.00 0.86  3.57 100.00 100.00
500 Concentrates 2.69 3.14 2129 9383 16.12
Middlings 1.88 2.65 487 579 2.57
Tailings 95.43 0.76  3.03 84.38 81.31
Feeding 100.00 0.86 3.56 100.00 100.00
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Table 6 Particles sizes and Pb and Zn distribution of tailings
after sulfide minerals flotation

Particle Grade/% Distribution/%
) Yeild/%
size/mm Pb Zn Pb Zn
+0.074 18.88 0.15 3.13 3.80 19.09
—-0.074~+0.045 35.95 0.44 3.08 21.24 35.76
—-0.045~+0.038 6.96 0.88 3.43 8.22 7.71
—-0.038~+0.028 7.99 0.85 3.65 9.12 9.42
—0.028 30.22 1.42 2.87 57.62 28.02
Total 100.00 0.74 3.10 100.00 100.00

KRR R, AR Y B = AR
(1) B2 5 5 G A KR FERF IR IR A
(2) BAL R R ATE Y, FBGRITCIERE,  [BlfeR
T () WGIIIERE, AACBRR IR YO 2 A P
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Ve T2 BIEBALA V7% 2 J5 1) 32 25 R 2 JR R A
RS R AT £E—0.028 mm (KSR, T RAERT
V3 2 BT REAT IR, IX 32 T AR 25 1) 77 B0 IR
BRI S BURTER R, MBI kS, kg
BEM A AR, WV BRI A0 R SRR . 7 TR
FIBKIRENF &2 1200 g/t, BRALEN 1500 g/it, BEERT/\Ji&
150 g/t, 2 ‘5l 30 g/t S F AT HSE e 5. AT
Jit L o6 E ARSI S AL R Rl SCR s gk 7 B
e WRFTUEH, 54, HAEFIERT it
JBE e T B R A S SBR[ e, AR AR [ (1)
FFIEFMT, AWK N-0.010 mm B, —JCHIES
HEEHRET (R S AL AT IE 22.86Wt%, AERIE 29.74%. [H
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Table 7 Experimental results of desliming after sulfide
minerals flotation

Desliming ) Grade/wt% Recovery/%
size/mm Product Yeild/% b o b 7o
-0.015 Slime 18.99 1.23 2.96 24.52 15.45
ZnO concentrates  3.13 11.14 26.14 43.46 26.70
Middlings 1.04 7.05 9.28 9.13 3.15
Tailings 76.84 0.23 2.10 2289  54.70
Feeding 100.00  0.80 3.06 100.00  100.00
-0.010 Slime 16.22 1.17 2.74 24.85 14.31
ZnO concentrates  4.04 10.22 22.86 54.07 29.74
Middlings 0.97 4.40 9.41 5.61 2.95
Tailings 78.77 0.15 2.09 1547  53.00
Feeding 100.00  0.76 3.11 100.00  100.00
—-0.005 Slime 11.64 1.29 2.95 20.36 10.98
ZnO concentrates ~ 4.54 8.86 20.07 54.57 29.14
Middlings 1.33 3.98 7.48 7.17 3.18
Tailings 82.49 0.16 2.15 1790  56.70
Feeding 100.00  0.74 3.13 100.00  100.00
No ZnO concentrates ~ 4.21 7.88 18.71 46.88 25.16
Desliming Middlings 1.66 3.35 4.43 7.87 235
Tailings 94.13 0.34 241 4525 7249
Feeding 100.00  0.71 3.13 100.00 100.00

3.2.2 A BRIR AN F = IR

TR ERENTE E A Ve h R A AT I RIER: —
SN pH, BRERENNSEILSS IR R, PI4ERED K pH
1 9~10 2 [a], TEUL pH i Bl P AT A CRAT AL 72 R A
BT R B —E M U ER, RIS
FAR R M BOIR A5, S [ ik R o FH % R
FE TEISCR AN S A R R 8 Fim . MERWLLGE H,
AR I AR R I — s B IR A B TR m A
RS s A AN B2, ELRE GRS S 38, K5
HET L BRI AN A BTG N, H Y BRIR AN
L F 800 g/t J&, AREEMGINERIRANA &, SRR B
KA IR A B P, & B B ER AN
49 800 g/t, MBS ALEEREH B (4] b Ar A0 BN 2R 53 iR
23.38wt%FH 28.96%, Hi I i LA IS 2 733 9.88wt%
M1 52.69%.
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Table 8 Experimental results of Na2COs dosage

Na,CO; ) Grade/wt% Recovery/%
Product Yield/%
dosage/(g/t) Pb Zn Pb Zn
0 Slime 16.13 1.14 2.32 25.15 11.82
ZnO 3.27 832  20.94 37.22 21.63
concentrates
Middlings 2.94 5.13 8.51 20.63 7.91
Tailings 77.66 0.16 2.39 17.00 58.64
Feeding 100.00 0.73  3.17  100.00  100.00
400 Slime 14.98 1.12 2.66 22.72 12.63
ZnO 3.42 8.75 22.07 40.53 23.92
concentrates
Middlings 2.15 4.86 7.39 14.15 5.03
Tailings 79.45 0.21 2.32 22.60 58.42
Feeding 100.00 0.74 3.16 100.00  100.00
800 Slime 15.12 1.14 2.71 23.45 12.94
ZnO 3.92 9.88 2338  52.69 28.96
concentrates
Middlings 1.80 4.47 8.94 10.95 5.08
Tailings 79.16 0.12 2.12 12.91 53.02
Feeding 100.00 0.74 3.17 100.00  100.00
1200 Slime 15.62 1.09 2.49 23.30 12.10
ZnO 3.88 9.52  24.12 50.48 29.09
concentrates
Middlings 1.73 4.26 9.70 10.06 5.21
Tailings 78.77 0.15 2.19 16.16 53.60

Feeding 100.00  0.73  3.19  100.00 100.00

3.2.3 HALEAH B R

FAL BRI AR, OGRS K A i HS AT
TEEMEEN R AR AR ZnS RIS
W, AT S IR SO PR R B 8 R o ARLTE S B T B
i, B ERCEE, HEAL, miAR
a5, BGRIRR RS, o mriEtzEs HER, g
FEAEAMHIE o B BN R B SR S5 D TR B R B R A
800 g/t, FUGTIEEER+ /\ % 150 g/t, 2 5 30 g/t, AN
AL B B S R (s 45 R 26 9. IR 4N,

35

| BB Dodecylamine (a)
30 L Acetate octadecylamine

- Dodecylamine + acetate octadecylamine (1:1)
25
20
15

10

Zn concentrates grade/wt%

50 100 150 200
Collector dosage/(g/t)

WAL B0, SRR B AR T L, Y
AL R 1500 g/t, FAGEEREN S AL B AR GERFTE
22wt% e A, TR EERE ™ (14 [ml g 2 DU Bt i A 9 FH 110 184
KR, A &S 2500 g/t B, [ sk
29.74%, ML ERZRAT BRI AR 2R AR A
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Table 9 Experimental results of NaxS dosage

Na,S Grade/wt% Recovery/%
dosage/(g/t) Product Yield/% Pb Zn Pb Zn
800 Slime 16.94  1.19 239 2638  12.69
ZnO concentrates  2.67 6.72 15.18  23.46  12.69
Middlings 1.46 3.56 4.68 6.78 2.14
Tailings 78.93 042 293 4338 7248
Feeding 100.00  0.76 3.19  100.00 100.00
1500 Slime 17.91 1.18 2.58 2633 14.68
ZnO concentrates  3.81 8.95 23.13 4250  28.02
Middlings 1.04 5.48 7.73 7.11 2.56
Tailings 7724 025 223 2406 54.74
Feeding 100.00  0.80 3.15  100.00 100.00
2500 Slime 1622 1.17 274 2485 1431
ZnO concentrates  4.04 1022 22.86 54.07 29.74
Middlings 0.97 4.40 9.41 5.61 2.95
Tailings 78.77  0.15 209 1547  53.0
Feeding 100.00  0.76 3.11  100.00 100.00
3500 Slime 16.76 1.14 299 22,00 15.01
ZnO concentrates ~ 3.42 10.56  22.81 41.56 2335
Middlings 2.30 3.32 11.64  8.78 8.01
Tailings 7752 031 231 27.66 53.63
Feeding 100.00  0.87 3.34  100.00 100.00

3.2.4 fjSCRIRN S B I RE I

AP B I 148 D B A VAR 3 AT I SR WA AR B
R (L] A S ) S LRl 7 S Pl VAN, 7 iy
i IS P 25 1) PR R SR WAL o170 1 5 ik

- I Dodecylamine (b)
70 - Acetate octadecylamine
| XYY Dodecylamine + acetate octadecyl

Zn concentrates recovery/%

50 100 150 200
Collector dosage/(g/t)

B3 GRS B BT S B RS i A A (BT 2R P 52

Fig.3 Effects of collector type and dosage on grade and recovery of ZnO concentrates
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Tailing samples

+0.075 mm

—-0.075 mm

Grinding:  -0.074 mm 78.0%

CuSO;4: 300
Butyl xanthate: 120
Pine oil: 30

Sulfide roughing I CuSOy: 150

Butyl xanthate: 60
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BERSHT 1(BALEEREDT), BEAAL 29.17%. [BIHCER 24.40%
PIEERET 2058 LERRED ) L ICEE S AL 26.78% [RIIi%
27.29% IR 3CEACEEREN ). IIETHE RIS, AL
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FE A IR ZOR G RGN, IRA RGN 55 &
BT 11. M\ERTTUEH, &AFREINRA R B
ALk 25.62wt%, EFEEICR 64.73%(K 10, =FkEH =
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R R —EREE R E S, ST RN R .

Pine oil: 15
Sulfide roughing IT
— Desliming Na,CO;: 800
Na,S: 2500
Sulfide cleaning | Acetate octadecylamine: 200
A y Pine oil: 30
Slime
Oxide roughing Na,S:1200
Sulfide cleaning IT Acetate octadecylamine: 100
Pine oil: 15
v ) Oxide I
Concentrates | cleaning

Oxide

v
Concentrates 2

- Dodecylamine: 50

Oxid _
scaver)l(éir?g il Na,S: 500
Dodecylamine: 30

Na,S: 300

X1d¢e
scavenging I11 X
Dodecylamine:20

P N

I
Oxide Oxide
cleaning II scavenging IV
Oxide
cleaning IIT

v
Concentrates 3

v
Final tailings

K4 PRI

Fig.4 Flowsheet of the closed-circuit tests
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Table 10 Results of the closed-circuit test

Grade/wt% Recovery/%

Product  Yield/%

Pb Zn Ag Ge* Pb Zn Ag  Ge

Concentrates 1 2.04  3.76 23.46 41.67 28.02 9.83 13.04 17.64 15.88
10.58 29.17 42.34 20.33 41.64 24.40 26.97 17.34

27.29 12.83 10.64

Concentrates 2 3.07
Concentrates 3 3.74  1.66 26.78 16.53 10.24 7.96

Slime 14.69 139 252 6.83 7.38 26.18 10.09 20.82 30.11
Tailings 76.46 0.16 131 1.37 1.23 1439 25.18 21.74 26.03
Feeding 100.00 0.78 3.67 4.82 3.60 100.00 100.00 100.00 100.00

Note: * unit was g/t.

Rl BREBVHERRESNER
Table 11  Analysis results of the mixed concentrates
Element Pb Zn S Fe Ag" Ge*
Grade/wt% 472  25.62 19.03 14.99  28.46 16.27

Note: " unit was g/t.
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