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Fig. 1 XRD pattern of raw sample
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Table 1 Chemical analysis result of raw sample (mass fraction, %)

Fer" FeO Pb Zn S P CaO MgO
47.04 1.25 0.39 0.30 1.19 0.099 2.62 1.89
Mn Cu Si0, AlLO; K,0 Na,O C 1g”
0.66 0.110 20.33 2.85 0.843 0.783 0.31 2.81

1) Fer is total Fe content; 2) Ig is loss on ignition.
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Table 2 Compositions and contents of main minerals for

raw sample
Mineral Content, w/%

Hematite 53.0
Limonite 7.5
Magnetite" 4.6

Pyrite, Pyrrhotite 1.1
Sphalerite 0.4

Galena 0.3
Copper-bearing minerals 0.3
Quartz 18.6

Feldspar 7.5

Calcite, Chlorite, Actinolite 2.5
Sericite, Biotite 2.7
Others 1.5

1) Including martite.
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Table 3 Iron mineral phase analysis of raw sample

Iron phase Fe content, w/%  Distribution/%
Magnetite 1.89 4.02
Hematite/Limonite 42.97 91.35
Siderite 0.067 0.14
Sulphide minerals 0.10 0.21
Ferric silicate 2.01 4.27
Total Fe 47.04 100.00
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Table 4 Lead phase analysis results in raw sample

Lead phase Pb content, w/%  Distribution/%
Lead sulfide 0.028 7.23
Lead oxide 0.19 49.03
Lead sulfate (alum) 0.0095 2.45
Plumbojarosite 0.16 41.29
Total Pb 0.39 100.00

x5 TR EM A PTA R

Table 5 Zinc phase analysis results in raw sample

Zinc phase Zn content, w/%  Distribution/%
Zinc sulfide 0.017 5.71
Zinc oxide 0.27 90.60
zinc sulfate 0.0023 0.77
Zinc-iron spinel 0.0087 2.92
Total Zn 0.30 100.00
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Fig. 2 Microscopic photos of main iron minerals in raw ore samples (Reflect light): (a) Hematite with acicular crystal

morphology; (b) Limonite with irregular granular or colloidal structure; (c) Magnetite partially metasomatized by residuals;

(d) Pyrite presented residual or pseudo structure
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Fig. 3 Microscopic photos of lead and zinc impurity minerals in raw ore samples (Reflect light): (a) Irregular granular
galena; (b) Galena metasomatized limonite and pyrite; (c) Sphalerite partially replaced by galena, pyrite; (d) Opaque

chalcopyrite distributed in granular sphalerite
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Table 6 Measurement of dissemination particle sizes of lead and zinc impurity minerals

Relative content of

Mineral Particle size’mm  Specific particle size  Particle number particle Distribution/%

0.17-0.30 30 3 2700 17.64
0.14-0.17 17 10 2890 18.88
Sphalerite 0.105-0.14 14 15 2940 19.20
(Sp) 0.074-0.105 10 33 3300 21.56
<0.074 7 71 3479 22.73
Total 132 15309 100.00

0.14-0.17 17 0 0

0.105-0.14 14 0 0
ﬁiﬁga 0.074-0.105 10 200 1131
<0.074 7 32 1568 88.69
Total 34 1768 100.00
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Fig. 4 Oxidized lead and zinc producing regions suspected under microscope: (a) High intense oxidation of Pb, Zn bearing
ore or alteration of hematite, limonite; (b) Limonite (gossan) strongly mineralized area
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Fig. 5 Secondary-electron images on oxidized lead and zinc producing regions suspected under EPMA: (a) High intense
oxidation or alteration in Fig. 4(a); (b) Partial enlarged view in Fig. 5(a); (c) Partial enlargement in Fig. 5(a); (d) Limonite
(gossan) area in Fig. 4(b); (e) Partial enlargement in Fig. 5(d); (f) Partial enlarged view of Fig. 5(d)
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Fig. 6 Micro-area scanning of particle element surface and X-ray energy dispersive spectra analysis in Fig. 5(b):
(a) Backscattered electron image; (b) EDS of Pb; (c) EDS of Zn; (d) EDS of S; (e) EDS of Fe; (f) EDS of O; (g) EDS of Si;

(h) EDS of Al; (i) EDS of Mn
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Fig. 7 Micro-area scanning of particle element surface and energy spectrum analysis in Fig. 5(e): (a) Backscattered electron

image; (b) EDS of Pb; (¢) EDS of Zn; (d) EDS of S; (e) EDS of Fe; (f) EDS of O; (g) EDS of Si; (h) EDS of Al; (i) EDS of Ti
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Fig. 8 EDS spectra of typical micro areas in strongly mineralized area of limonite (gossan) (Referring to Fig. 6 and Table 7)
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Table 7 Results of energy spectrum analysis of micro regions on strongly mineralized areas of limonite (gossan)
Point Mass fraction/%
No. Pb Zn S Fe 0] Si Al Mn Cr Ti Mg Ca Cu
1 0 2.34 0 66.11 17.83  7.05 4.67  0.53 0 0 0.16 1.30
2 0 0.67 0 11.59 2749 47.02 1294 0 0 0 0.28 0 0
3 0 1.04 027 2223 23.13 3559 14.63 0 2.6 0 038  0.11 0
4 0 3.08 028 69.48 18.00 3.53 3.04 043 0 0 0.55 0.26 1.37
5 0 0 0 1.49 31.10 5243 1438 034 0 0 0.26 0 0
6 0 0 0 0.85 31.45 5331 14.00 0 0 0.39 0 0
7 0 2.94 042 6876 1823 396 319 049 0 0 0.35 1.66
8 0 0 0 6.27 30.74 4347 18.20 0 0 050 0.82 0 0
9 0 0 0 3.1 33.68 48.04 12.80 0 0 1.97 041 0 0
10 5.44 0 0 075 2782 47.16 1271 5.85 0 0 0.27 0 0
11 0 0 0 346  27.17 5537 13.99 0 0 0 0 0 0
12 0 2.82 042 6890 18.01 3.93 2.63 0.95 0.3 0 0 0.37 1.67
13 0.89  3.19 029 68.01 17.67 3.78 3.75 0.56 0 0 0.53 0.24 1.09
14 0 0 0 6.64 2453 43.62 24.06 0 0 0 1.14 0 0
15 0 0 0 1144 26.64 46.88 14.73 0 0 0 0.31 0 0
16 0 3.67 036 6838 17.6  3.21 3.83 0.84 0 0 044 029 1.37
17 0 0 0 141 26.06 4895 21.01 0 1.68 0 028  0.60 0
18 0 3.14 023 6829 1925 3.73 3.11 0.75 0 0 0 0.28 1.22
19 0.67 2428 48.02 13.79
20 0 4.15 048 69.62 1799 3.46 198 054 026 0 0 0.22 1.30
21 2.51 1.12 0 17.75 15.18 45.09 14.01 3.56 0.78 0 0 0 0
Average 0.442 1.408 0.138 30.25 23.52 30.84 10.83 0.742 0.281 0.145 0.303 0.144 0.549
Maximum 5.44  4.15 048 69.62 33.68 5537 24.06 5.85 2.60 1.97 1.14  0.60 1.67
Minimum 0 0 0 0.67 1518 3.21 1.98 0 0 0 0 0 0
@ ®), -
1 | N Poit 15 S A_,Ff Point 16
5 Ca Fe Fe Pb Point 13
Al__S e Zn
° I i Point 4 Na Point 2
Sin Ca Cr Fe Fe Cu Cu Zn Si s Fe Zn 7
o 2 4 6 s 10 0o 2 4 6 8 10
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O FRUELT A {1 X Bh A HER IR BX 1) EDS AEIEE(Z LA 7 R 8)

Fig. 9 EDS spectra of typical micro areas on alteration areas of hematite or limonite (Referring to Fig. 7 and Table 8)
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Table 8 Results of energy spectrum analysis of micro regions on alteration areas of hematite or limonite
Point Mass fraction/%
No. Pb Zn S Fe (0] Si Al Mn Cr Ti Mg Ca Cu
1 0 0.55 027 59.7 1621 2142 0.78 0.17 0.60 0.09 0.14 0.07 0
2 0 097 051 8153 1647 0.53 0 0 0 0 0 0 0
3 0 0 0 1.39 29.8 68.81 0 0 0 0 0 0 0
4 3.89 0 22.14 341 36.82 0 0 0 0 32.7 0 0 1.04
5 0 0 148 3054 1697 47.60 0 0 2.25 054 039 023 0
6 0 0 0 1.38 30.06 68.56 0 0 0 0 0 0 0
7 0 0 0 .12 29.10 69.12 0 0 0.67 0 0 0 0
8 0 0 0 1542 1890 63.69 0 0 1.99 0 0 0 0
9 0 0.80 037 81.09 16.65 0.64 0 0.46 0 0 0 0 0
10 0 0 0 86.92 1239 0.69 0 0 0 0 0 0 0
11 0 0 038 82.04 1620 0.89 0.50 0 0 0 0 0 0
12 0 0 0 2.810 29.78 67.41 0 0 0 0 0 0 0
13 0 .17 039 8139 16.65 0.39 0 0 0 0 0 0 0
14 0 0.80 035 81.75 16.61 048 0 0 0 0 0 0 0
15 2.99 0 2231 247 40.98 0 0.37 0 0 30.87 0 0 0
16 0 0.93 035 60.16 1435 23.27 0 0 0.94 0 0 0 0
17 0 0 0 551 2854 65.58 0 0.37 0 0 0 0 0
Average 043 0292 3.018 38.68 23.14 29.85 0.054 0.052 0.366 4.007 0.024 0.014 0.065
Maximum  3.89 1.17 2231 8692 4098 69.12 0.78 046 225 3270 039 0.23 1.04
Minimum 0 0 0 .12 12.39 0 0 0 0 0 0 0 0
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Mineralogical characteristics and lead-zinc impurities occurrence
features of lead-zinc refractory iron ores

LUO Li-qun', SAYAF Mustafa"? Jean Christophe N[YONZIMA"*, ZHENG Bo-tao', WEI Cheng-xi'

(1. School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China;
2. Department of Mining Engineering, Faculty of Engineering Sciences,
Omdurman Islamic University, Omdurman 382, Sudan;
3. Department of Mineralogical and Geological Sciences, Faculty of Sciences,

University of Burundi, Bujumbura 1550, Burundi)

Abstract: A refractory iron ore containing 47.04% iron (total Fe content), 0.39% Pb and 0.30% Zn was used as a
sample in Xinjiang Uygur Autonomous Region, China. The chemical analysis, microscopic observation and
identification, EPMA with EDS were used to investigate the chemical composition, phase composition of iron, lead
and zinc, and the occurrence and output characteristics of lead and zinc impurity minerals. The mineralogical
factors and mineral process prospects affecting the beneficiation process were discussed in proper order. The
results show that the iron-bearing minerals are mainly hematite, with content up to 91.35%, and a small amount of
magnetic iron and iron silicate. The lead-containing impurities are mainly lead oxide and lead in plumbojarosite,
accounting for 49.0% and 41.3%, respectively. While zinc in zinc oxide is the main zinc-containing impurity,
accounting for 90.6%. A small amount of impurity minerals, such as sphalerite, galena, and pyrite are found in the
sample, but no crystalline minerals in the oxidation state containing lead and zinc are found. EPMA and EDS
analysis indicates that the lead and zinc impurities in the oxidized state are in the form of separate or common
output, and the output of zinc is more general and extensive. The lead content ranges from 2.89% to 3.89%, while
the zinc content is in the range from 0.67% to 1.17%. It is expected that strong conventional magnetic separation
and flotation processes are difficult to achieve the effect of effectively eliminating lead and zinc impurities, and
high temperature reduction roasting is recommended as a pre-treatment process before separation.

Key words: refractory iron ore; impurities; mineralogy; occurrence characteristics; electron probe micro analysis
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