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1.1 KZERS

Z & BB TR B 7 R ERE VE I A TR
G2 BRI, HAFR AR IR 1. F
o R EE R N B B B S RSN
10.11%- 3.28%- 41.25%F/1 36.85%; LB ITE
SR A &R 0.18 g/t A1 29.3 g/t

1.2 FERSUEYES

X2 & B YIRE TR TR BRI
SN, BN RE AT A, fEAE S ORI AN T
0.074 mm FIFIRL 5 95%, FEAI FH 40 B8 I IR d idb 47
WE AT, AR AR 2 70 3,

iR, B R R AR BRAAR

Table 1 Chemical composition of polymetallic sulfide samples (mass fraction, %)

Cu Pb Zn Fe Sn

As Co Ni Mn Cd

10.11 0.053 3.28 36.85 0.008 41.25

0.035 0.070 <0.005 0.020 0.017

Ba Bi Se Te Ga In SiO, Al,O4 CaO MgO

0.007  <0.005  0.019  <0.005 <0.005 <0.005 <<0.005  2.44 0.19 0.10 0.42

K,0 Na,O Cl Ti P Au" Ag" pt” Pd”  Moisture

0.01 0.38 0.38 0.01 0.016 0.072 0.18 29.3 <0.1 <0.1 1.96
1) g/t

®2 BRI YA T A R
Table 2 Chemical phase analysis results of copper in

polymetallic sulphide samples

F=3 ZE&EBALRE S PRI ST s R
Table 3

polymetallic sulphide samples

Chemical phase analysis results of zinc in

Phase w(Cu) /%  Distribution/% Phase w(Zn) /% Distribution/%
Water soluble copper 0.17 1.69 Water soluble zinc 0.53 16.29
Copper oxide 0.07 0.70 Zinc oxide 0.02 0.61
Secondary copper sulfide 0.14 1.39 Zinc sulfide 2.69 82.69
Copper sulfide 9.69 96.22 Others 0.013 0.41
Total 10.07 100.00 Total 3.25 100.00
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Fig. 1 XRD pattern of polymetallic sulphide samples
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Table 4 Mineral composition and relative content in

polymetallic sulphide samples (mass fraction, %)

Chalcopyrite ~ Blue copperas ~ Covelline  Blende
28.36 0.67 0.21 4.97

Gallicinite Pyrite Copperas Quartz
2.34 58.63 0.55 1.76

Talc Albite Halite Others
0.78 0.4 0.63 0.71

2 WRFGESRE

21 WRFZE
IR 2 S B mRALYIR IS TR A 2.

Polymetallic sulfide

Leaching
SOIUUL<— Pre-leaching
Residue
Flotation |12i1ings Sulfate
preparation
Sulphide |, Concentration Sulphuric acid
precipitation 1— Sulphuric acid
Metallurgy ————— Slags
Zinc Product
preparation
Copper

2 ZEEAY) T ZmAE
Fig. 2 Technological route of polymetallic sulfide
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MeS+20,=MeSO0, (10)
@ B R A A

MeS+1.50,—=Me0+S0, (11)
@ &EmYEEA RS

MeS+0,=Me+S0, (12)
ORI § Ny

MeS0;=—MeO+S0; (13)

S0;=80,+0.50, (14)
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e, A e DO IV E R R £ NP AE
FHEN IR BURRIR 1A FTT R A,
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4FeS0,=—2Fe,0; + 450,71+ 0,1 (15)
Fez(SO4)3:F6203 + 3SOzT+ ISOZT (16)
1.5Fex(S04)5=Fe;04 + 4.5S0,1+ 2.50,1 (17)
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2FeS,=2FeS+S, (18)
4CuFeS,=—2Cu,S+4FeS+S, (19)

4CuS=2Cu,S+S, (20)
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$,+0,=280, @21)
4Cu0=2Cu,0+0, (22)
CaCO;=Ca0+CO; (23)
MgCO;=MgO+CO, (24)
3MgO-4S8i0, H,0=3MgSiO3+H,0+Si0, (25)
CaS0,~Ca0+S0; (26)

TR IR, 7S ML RS R B AR AL
N SOy RIS s A M A B AL oK A SR AL«

4CuFeS,+0,=2Cu2s FeS+2Fe0+4S0, 27)
4FeSy+110,=2F¢,05+8S0, (28)
2CuS+0,=CuS+S0, (29)
2FeS+20,=2Fe0+2S0, (30)
2Cu,S+30,=2Cu,0+250, 31)

152 &R MG TR R T, e
WEYH CuS 5 Cu,0, BALEYIN FeO 5 FeS,
X R B A W — 20 I S E S R B At 2
TN, TR AT R S .

3 ZER5THE

3.1 Tk
3.1 REggs R

oAb HE 3 B H A2 PR AR 2 4R B AL 4 Hh R
EHED, FREFEREMPCE. AR d50
mm X 100 mm A% 2 & @ B AL YIFE 5 TRAL 2 .
BRIGZAE Ny WRSREE Jy 30 L/(m*h), BRERIKE 20
g/L, FEMERIE 5 cm, H HEE N 880 mm, £
i BB 2382 g JEILELSETIALTE 10d f5, WAL EE
WE AT AT, Hh A SR E AR A RN
7.05%, FEEEN 2.87%, BEN 97.78%. LitH
TRAL B f5 4 FEE ()3 28 0000 21.5% 81 18.73%.
3.1.2 R

4G 2 SR R IR S, K
PEERANEE B & B BN 1.69%F1 16.29%, i £ 4
JERBALY RIS B SR AR H e B, (HAIR R
FHAK A PEH 4R & Lo Rk, ATREE A

08 43 ] 7 T Ak B ok R v DR R I A AE R T 3
B TERR IR A s o JC IR IR AT 8 2 8RB (FeSs)
TEWE S G TS AR BT VA R R 2k, BJ)
85 R AR,
2FeS,+70,+2H,0—>2FeSO4+2H,SO04 (32)

M AERR A T POB ] P B, IR R
JSCP VA U IR RS (CuoS), TSR E AL ER
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R ] REAELE AL R R

CuFeS,+3CuS04+3FeS0,—>2Cu,S+2Fex(S04); (33)
2CurS+2H,804+0,—>2CuS0,+2H,0+2CuS  (34)
Cu,S+Fex(SO4)3—>CuS+CuSO4+2FeS0, (35)

LTI, 2 & @A it s,
T R B AEAE AT BeAR3E S 7 A SRR R B,
M RT3 o
3.1.3 sk

FBEAR P AL B AR R R IR (P TH #E, BLHER K
R TALHE B 2 4 @ B AL R KA R A, TR
] i G 7E Ak B sk R R SR T IR A ) 5 .
RGN AKRIRE 25 CHFIR), KRR
4:1, KW 4 h, FEFEHEE 260 r/min. IR 45
R 5.

x5 ZeREREYKRIRES R
Table S Leaching result of polymetallic sulfide
Residue Grade/%
rate/%  Cu Zn Fe Cu Zn Fe
95.8 9.18 285 3879 085 18.01 3.55

Leaching rate/%

KBRS R BN, 2 & B YrE s
KR 5 AR IR H 2253 1A 0.85% 1 18.01%. ik
I R G A R AR — 3, BLRHR K
B ATIA B TR R H

THAL B2 5 08 S B UTIE SRS T B E 4R
Y, HUTERH AR 99%, HEHRA HEY TS
FIRAEH — I Mia e iR

32 FEIZHRSITE
3.2.1 UG AP RS
R4 2 & BRI R B fE A it b
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IR BIR, LEAEN PR R, H
i BRI RIEE] 86.3%A1 77.5%, PR H
MBS B N 15.76%H1 4.38%, 1H Z 8 25l hE
J1EES . Bk, EXTIRE 2 S B AR, KR
T ERSSH U BKO1S, HA s i OCSS 3
Hl, BAUEE 50 RS Rr A B
RIRISIE, KA BKO1S MERGRIIT, B MR s 5
B RARRE 7T, AR ISR A R T 89.7% A
82.4% (WK 3).

322 Z&BEAITIEIT AR

B RGR. BREREE. K ISR %
PR, B T “HERRATRIE” MIER TER
T2 o FFEARLG DAL BV N E R, Rk T 280N
T BKO1S FI&E N 96 g/it, JR& BRI
BK204 H &4 32 g/t, BilREFHEN 1 kg/t, AKH
B 12 kg/te A L ZMBEMSEILE 4, {504
RN 6,

R R TR, Z&BHAYFE b EZS

Grinding, -0.074 mm, 85%

Roughing

CHVERRATRIR” FIETFEGRIG S, TSRS A
BEST TN 25.21%F0 6.32% TR A0, 1T B2 H
H A A AIEE d AL 7 5N 1.71%H0 1.00%
323 Z&BERACYTIE R

TEVFIR T MR IS FE Rl b, 1% 2 SRtk ¥ i
Ab B 0 T R v P AR, ek R P AR 4
PG 043 2470 F S A D0 A3 AT T AR . IR AR
R BREREE FHEN 400 g/t, U BKO15 F &
N 96 g/t, B204 N 32 g/t, HIERIGHAFE ST
MSHILE 5, RIEEE R K 7.

AL PRV R PRI 45 R o, 8 e

50
4 — Cu content 100
e — Zn content
40 *— Curecovery rate 180 .
o >— Zn recovery rate %
S30r 160 =
g &
= 3]
8 20 140 §
‘—"———"\./‘ &)

—_
(e}
T

!
|\
S

0 7200 Ethyl Z105 BKO915 0
xanthogenate
Collector type

3 G RRIR R AR
Fig. 3 Results of collector type test

Ore

Lime 12000 g/t
BK612 2000 g/t

ZnS0, 1000 g/t
BK915 96g/t, BK204 32g/t

Lime 3200 g/t ¥ 2

Mixed selection [

Lime 1600 g/t % 2

Mixed selection 1I Middlings 1

Concentrate

4 TALBREET 4T iR iR

Fig. 4 Open circuit test process for pretreatment slag

Middlings I

2 ZnSO, 400 g/t
2X BKO915 32g/t, BK204 16g/t

Scavenging |

2 BK915 16g/t

Middli
iddlings 1 Scavenging II

6

Middlings [ Tailing
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Table 6 Results of open circuit test for pretreatment slag

o Grade/% Recovery rate/%
Item Productivity/%
Cu Zn Cu Zn
Concentrate 25.15 25.21 6.32 64.22 49.98
Middlings 1 6.55 14.66 4.73 9.73 9.74
Middlings 2 23.24 6.73 3.05 15.84 22.29
Middlings 3 7.66 3.94 2.00 3.06 4.82
Middlings 4 5.32 2.97 1.84 1.60 3.08
Tailing 32.09 1.71 1.00 5.56 10.09
Ore 100.00 9.87 3.18 100.00 100.00
Ore
Lime 14000 g/t
BK612 2000 g/t
Grinding, —0.074 mm, 85% (
2 X ZnSO, 400 g/t
2 X BK915 96 g/t
Roughing | BK204 32t
6 7\
2X ZnSO, 200 g/t
. 2X BKO9I15 32¢g/t
Lime 3200 g/t X2 . BK204 16 g/t
Cleaning [ Scavenging |
7N\ 6
g
Lime 2400 g/t 2 2X BK915 16 g/t
Cleaning II Scavenging 11
L 3 6 P
Lime 1600 g/t X2
Cleaning III
] Tailing
A3 |
Concentrate
I 0GR vy T B 87 W v
Fig. 5 Closed test process for pretreatment of slag separation
T PR AR 45 R
Table 7 Results of closed test of pretreatment slag separation
Grade/% Recovery rate/%
Item Productivity/%
Cu Zn Cu Zn
Concentrate 37.88 24.02 6.53 88.55 76.21

IRATFIR” MHBARLE, 777 A 24.02%. &4
6.53% MMM EHIR ST, HAIAE LT BSR4 3
N 88.55%H1 76.21%, 1A B A AH IR 4 5 N
92.01%7#1 92.04%.

3.2.4 FEHHIE A

2o PR B A A AR SR R

IITAER RS, HEEG YOIy, UGS
BB SR SR B DL A, R
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31.09%- 6.56%F1 36.72%; MitEAF T4 8 & AR
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i
Jel

Fig. 6 Reflective photographs of concentrate microscope: (a) Chalcopyrite monomers; (b) Sphalerite monomers; (c) Binary

Bl 6 Fih B

2909
—EME .
332 mRME RIS R 51HE

R b 2 FH Z & w8 &
IR 5 A 3= e — B 2 N B AE S mT Vs 1)
i, BFEREREL . BT HEHR SR 2 E SR
JUHRFIEE, (BB E R, WRARL S N TR
KO THL, FEMRRIATRERIGR BT, . 8. 2k
IR CuSO4. ZnSO4. FeSO4. Fex(SOy4); Z5HR
R ME, SERESAER NIRRT 588 — I
HENTEW, a4k Ty, 78R g4 u 1~ it
ITIRIR AR Ber , Pkt /e N FE X (13) s (15)~(17)
HAT, I OV T 7K SRR 12k AL 4 (Fe 05

=
W

- l.‘
o )4

-~ Chalcdpyrite

R ¥

particles of chalopyrite, sphalerite and pyrite; (d) Binary particles of chalcopyrite and pyrite

xS WIEHR AR i R

Table 8 Chemical composition of copper-zinc mixed concentrate (mass fraction, %)

Cu Pb Zn Fe Sn S As Co Ni Mn Cd
24.03 0.032 6.56 31.09 <0.05 36.72 0.008 <0.05 <0.05 <0.05 <<0.05

Ba Bi Se Te Ga Ge In SiO, Na,O CaO MgO
<0.05 <0.05 0.035 <0.005 <<0.005 <<0.005 <<0.005 0.71 0.073 0.48 0.20

Cl ALO, K,O Ti P C Au" Ag" pt" pd"
0.07 0.079 <<0.005 <0.05 0.020 0.096 0.24 42.40 <0.1 <0.1

1) g/t
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BHEN 66.28%, 4. FEAEIR HE 55N 93.8%.
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CuFeS, il CuS ZE¥ 56748 Cu,S, IS5 ARBEAILI
FeS RS, RIF=HoK4R (8] = &, B0 UEH e R
HRE RGBS T 2T

RIS SR BRI E Y 1400 "CEL 1450 C,
VRIS 73 h, FRBCEA 2%, FLLAEMAES . AL
B THRALEERCE — w2 I . WIest R ILEK 10,

EARE RIS S RN, MIERIGIEHEE N
1400 CH, HEERDE. QGG HEE N
1450 ‘CHY, Fi5ESE, FHUKE S Cu. Fe. S
EEA NN 44.85%. 26.73%F1 22.96%, ¥ 4
FEAPFEE 0.54%. B THE, TN UK 4
N 96.99%. W EEONER. BE, HUONE. 8.
BEAEIRI, A RN 0.54%.

AR A AR G L2 A 4
R 2 & R AL Y 2 UL BE -8 7= H RSB 38
TR T 2HE, BLESHGEE Pk,

Table 9 Results of sulfation roasting-leaching test of flotation concentrates

Roasting Roasting o Grade/% Leaching rate/%
temperature/‘C time/h Productivity/% Cu Zn Fe Cu Zn Fe
500 3 71.0 32 43 31.2 90.4 62.1 42.5
650 3 65.8 22 1.8 42.7 93.9 85.3 27.1
650 4 66.3 22 1.2 54.2 93.8 90.1 6.8
700 3 78.1 15.3 5.6 48.2 49.7 45.7 2.3
R 10 EHAHRIR SR
Table 10 Results of matte-making melting test
Temperature/  Productivity/% Smelting grade/% Slag grade/%
T Smelting  Slag Cu Fe Cu FeO  ALO; MgO CaO SiO,
1450 51.92 55.30 44.85 26.73 22.96 0.54 30.86 11.29 4.42 6.66 39.1
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1) DUHREE A IR 2 & @ i Y £ 209
NEYH (& EEE). B Ner, HoKiahs
HFNEER ) - B AR R A, A, BE KA S L
53 1.69%F1 16.29% . A aIAb 1™ 24751 il F5E A
W NP v g T S K= S i AT 7 v o
RAMEK,

2) R T “TR-EHRIEIEE” AEIRE
FEME R SRR T Z, Sl TR E
SR AE R, H AR P S R A
24.03% 1 6.56% M RG A, Foak i Bl = 2 il v
92.01%F1 92.04%; F5H™ 4 EE G & RIS 7N
93.78% 1 90.13%; 4. £k va K [m i E 5 5 R
96.65%7%1 90.31%.

3) HIEHR AR KRR R KR T &0
FEH AR 5S4 1% MBS B &, Tk DR B
BRI E. WRRHEREGTZ, Fit—F
WILZZs%, ZEEE. 5aheRE.
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Study on mineral processing and metallurgical techniques for
deep-sea polymetallic sulfides

JIANG Wei"?, ZHOU Bing-zi', LI Lei', JIANG Xun-xiong', ZHANG Deng-gao'

(1. BGRIMM Technology Group, Beijing 100160, China;
2. School of Metallurgical and Ecological Engineering,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Deep-sea polymetallic sulfide mineral resources are rich in copper, zinc, cobalt, gold, silver and other
strategic metals, which is one of the potential resources for future development and utilization of human beings. In
this paper, mineral processing and metallurgical processes of a deep sea polymetallic sulphide were studied, and
useful elements were separated and extracted. The “pre-leach-beneficiation-smelting extraction” suitable for high
sulfur fine-grain copper-zinc polymetallic sulfide was determined, and the preliminary recovery of valuable metals
in the samples was realized, and the comprehensive recovery rate of copper and zinc reached 96.65% and 90.31%,
respectively. Combining the characteristics of the deep-sea polymetallic sulfide, an efficient and clean agent
BK915 was developed, which solved the problem of separation of high sulfur fine-grained copper-zinc
polymetallic sulfides and provided a technical reference for the subsequent development of deep sea polymetallic
sulfides.

Key words: deep sea; polymetallic sulfide; process mineralogy; floatation; metallurgy
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