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Fig. 1 XRD pattern of jamesonite concentrate
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Fig.2 Microphotographs from optical microscope of
jamesonite concentrate (in reflected light): 1—Jamesonite; 2—
Sphalerite; 3, 4—Pyrite; ~ 5—Carbonate; 6—Quartz; 7—
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Table 2 Analysis results of Fe phase in jamesonite

concentrate and water quenched slag

Jamesonite concentrate ~ Water quenched slag
Phase co:::;t Distribution coilrt(::it Distribution

/% ’ rate/% /% © rate/%
Ferric sulfate ~ 0.05 0.95 0.084 0.39
Iron sulfide”  4.64 88.21 0.64 2.99
Magnetite 0.34 6.46 1.70 7.94
Ferric oxide  0.18 3.42 6.31 29.47
Ferric silicate  0.05 0.95 12.68 59.22
Fer" 5.26 100 21.41 100

1) Iron sulfide means general iron content in FePb,SbS,4 and

FeS, phase; Fer: Total Fe content.
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Fig.3 Schematic diagram of experimental set-up
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Relationships between standard free energy and

temperature in iron compound oxidation reactions
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Fig. 5 Predominance diagram for Fe-S-O system at different
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Fig. 8 Typical EPMA microphotographs obtained from alloys using backscattered electrons (carbon coated)



1254

A 6 2

2018 4F 6 A

R3NP R B

Table 3 Quantitative EPMA of reaction products

Point Element content, w/% Phase
No. Pb Sb Cu Fe Zn As S 0 Total present
1 1.83 48.50 47.90 0.04 0.13 1.12 0.02 - 99.54 Cu-Sb
2 1.55 48.83 47.30 0.06 - 1.00 - - 98.74 Cu-Sb
3 5.76 86.35 1.83 - 0.06 1.62 0.01 0.31 95.94 Sb-Pb
4 17.29 77.62 - 0.01 - 1.61 0.02 0.35 96.90 Sb-Pb
5 6.13 86.59 0.17 0.18 0.06 2.17 0.07 0.46 95.83 Sb-Pb
6 15.45 83.31 - - 0.01 1.38 - 0.81 100.96 Sb-Pb
7 97.06 242 0.16 - - - - 0.46 100.10 Pb
8 94.69 3.56 0.08 0.03 - - - 0.56 98.92 Pb
9 0.43 3.14 0.21 58.14 - 0.07 35.74 0.15 97.88 Fe-S
10 2.05 14.74 0.01 53.53 0.11 0.40 25.46 0.88 97.18 Fe-Sb-S
11 1.20 9.97 0.19 54.61 0.01 0.25 29.85 0.21 96.29 Fe-Sb-S
12 0.46 65.07 0.38 33.52 0.06 1.98 0.08 0.43 101.98 Sb-Fe
13 0.42 64.75 0.45 3291 - 1.69 0.10 0.44 100.76 Sb-Fe
14 2.00 82.16 - 15.77 0.09 1.54 - 0.43 101.99 Sb-Fe
15 0.36 65.15 0.26 33.30 - 2.01 0.11 0.41 101.60 Sb-Fe
16 0.11 62.08 0.13 35.25 0.02 3.27 0.24 0.39 101.49 Sb-Fe
17 7.67 87.02 0.42 2.04 0.06 1.29 0.02 0.39 98.91 Sb-Pb
18 97.47 241 0.10 0.31 0.03 - - 0.36 100.68 Pb
19 94.80 4.60 0.10 0.11 - - - 0.50 100.11 Pb
20 5.16 93.14 - 0.05 0.11 1.26 0.01 0.36 100.09 Sb
21 97.42 2.20 0.02 1.28 0.07 - - 0.47 101.46 Pb
22 96.58 2.97 0.08 0.10 - - 0.01 0.33 100.07 Pb
23 0.34 62.96 0.65 34.90 0.14 2.14 0.06 0.37 101.56 Sb-Fe
24 0.44 60.93 0.39 36.40 0.03 3.10 0.10 0.40 101.79 Sb-Fe
25 1.61 3.94 - 57.96 0.06 0.10 31.93 0.13 95.73 Fe-S
26 0.46 62.83 0.52 35.25 0.01 1.70 0.26 0.43 101.46 Sb-Fe
x4 TEYRHNH R
Table 4 Average composition of main mineral phases

Phase Element content, x/% Suggested

present Pb Sb Cu Fe Zn As S 0 formula
Pb 88.01 4.75 0.23 0.87 0.04 - 0.01 6.10 Pb
Sb 2.92 91.97 0.01 0.12 0.19 2.02 - 2.68 Sb

Sb-Cu 0.69 34.04 63.78 0.09 0.10 1.20 0.03 - Cu, ¢7Sb

Sb-Fe 0.15 43.13 0.52 51.14 0.05 2.50 0.35 2.13 Fe; 1oSb

Fe-Sb-S 0.51 6.22 0.01 49.25 0.08 0.27 40.82 2.83 Fe;21Sbo 1S

Fe-S 0.09 1.17 0.15 47.36 - 0.04 50.71 0.42 Feg93S
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Fig. 9 EPMA mapping of partially oxidized jamesonite (carbon coated): (a) Pb; (b) Sb; (c) Cu; (d) Fe; (e) S; (f) O
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Fig. 10 XRD pattern of crude lead-antimony alloy
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Fig. 11 Backscattered images of crude lead-antimony alloy
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Table 5 EDS analysis results of crude lead-antimony alloy

Point Element content, x/% Suggested
No. Pb Sb Cu Fe S 0 As Zn formula

1 3.75 90.71 0.57 0.37 0.15 - 0.29 0.38 Sb
2 48.42 31.67 1.72 1.19 2.05 6.18 - 1.55 Pb; 53Sb
3 12.06 37.96 2.07 43.56 0.21 - - 0.64 Fe; 15Sb
4 11.86 49.91 1.85 29.07 0.53 0.63 1.21 1.30 Fep.ssSb
5 12.04 36.59 2.46 42.41 0.52 - 0.68 1.43 Fe; 16Sb
6 5.59 58.19 1.51 28.17 - - - 1.23 Feg45Sb
7 11.38 36.96 2.52 43.90 0.46 - - 1.08 Fey19Sb
8 5.94 54.00 0.87 26.74 1.59 0.76 0.75 0.99 Fep.50Sb
9 2.13 31.72 55.53 091 0.29 - 1.31 2.64 Cuy 75Sb
10 2.58 32.80 55.88 0.24 0.59 - - 3.72 Cuy 70Sb
11 6.23 86.27 1.01 1.04 0.50 0.31 - 1.20 Sb
12 75.77 2.29 0.75 1.64 3.08 9.24 - - Pb
13 3.70 57.41 0.65 26.34 1.16 0.58 291 - Feg46Sb
14 7.05 75.35 2.25 1.49 0.29 - - 2.23 Sb
15 2.99 33.44 56.44 0.90 1.31 - 0.50 - Cu, 6Sb
16 10.34 37.88 2.45 39.31 1.29 - 6.69 - Fey 04Sb
17 11.31 50.84 - 22.77 9.68 - 1.41 - Feg45Sb

12 BYBRE Boc R I

Fig. 12 Elemental face scanning results of lead-antimony alloy: (a) Pb; (b) Sb; (¢) Cu; (d) Fe; (e) S; (f) O
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Fig. 13 XRD pattern of smelting slag
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Table 6 Results of chemical phase analysis of iron in slag

Phase Iron content, w/%  Distribution rate/%
Ferric sulfate 0.18 0.75
Magnetite 0.29 1.20
Iron sulfide 0.16 0.67
Hematite-limonite 8.98 37.34
Ferric silicate 14.44 60.04
Fer" 24.05 100

1) Total Fe content.

TEMRLAB AL F AR S T 5 R SR, i Fe 3232
IRA7- T HERREK (60.04%) FI AR A (Fe, 05, 37.34%H1,
A /b 18 Fe(1.20%) LLREEN 1 XAFALE , BRBR B A AR 4
AL BN T 1%,
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Fe element behavior of jamesonite concentrate during
oxygen-enriched direct smelting

CHEN Min, DAI Xi, ZHANG Zhong-tang, CHEN Xiao-chen

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Fe element behavior of jamesonite concentrate during the oxygen-enriched direct smelting was studied. The
trend of iron in the smelting process and occurrence state in each phase were characterized by X-ray diffraction, optical
microscopy, scanning electron microscopy with energy-dispersive X-ray spectroscopy, electron probe and chemical phase
analysis. The results show that the intermediate, partially oxidized jamesonite concentrate particle, is consisted of inner
metal phase and outer Fe,Sb,S sulfide phase. The oxidation and volatilization of antimony compounds is inhibited by the
formation of Fe,Sb,S phase. The iron is mainly enriched in the Fe,Sb,S phase, while a little of FeS and FeSb alloy exist in
the inner metal phase. As reactions proceeded, the iron is gradually transferred into the outer sulfide phase. And the iron
was presented as FeSb and FeSb, in the lead-antimony alloy. Most of the iron are presented in the form of 2FeO-SiO, and
Fe,05 within the smelting slag. The presence of FeSb and FeSb, phases in the lead-antimony alloy are mainly originated
from the direct decomposition of Fe,Sb,S phase.

Key words: jamesonite concentrate; oxygen-enriched; direct smelting; lead-antimony alloy; Fe; occurrence state
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