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Process mineralogy of high lead copper anode slime

YANG Hong-ying, LI Xue-jiao, TONG Lin-lin, CHEN Guo-bao
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Abstract: In order to improve the technology of the process of noble metal extracted from high lead copper anode slime,
the process mineralogy was investigated by XRD, SEM and microscope. The particle size of high lead anode slime is
small, and the composition is complex. The main noble metals are Au 0.33%, Ag 9.94% and Pd 0.1% (mass fraction), and
the main base metals are Cu 16.35% and Pb 13.74%. The chief phases include Au and gold-lead alloy, eukairite, sulfate,
arsenate, antimonate and oxygen. The results show that there are two main phases of gold as elemental gold and gold-lead
alloy with the mass ratio of approximately 3:1. The particle size is uneven, the biggest particle size is about 15 um and
the smallest one is about 0.1 um. The elemental Au is often wrapped in copper sulfate, so, Cu should be removal before
extracting Au. Ag exists in silver selenide and eukairite. Three elements are miscible and form a solid solution. Cu and Pb
are major base metal. Cu exists in Cu, copper sulphate, eukairite and chalcopyrite. Pb exists in lead sulfate, lead
antimonite, lead arsenate and lead sulphide. Arsenic antimony bismuth compounds mainly include lead antimonite,
bismuth arsenate and antimony arsenate. The characteristics of the structure indicates that bought-out anode slime
structured on copper sulphate, nickel oxide constantly wrapped copper, antimony arsenate constantly wrapped
chalcopyrite, barium sulfate and lead sulfate constantly growed interactively.
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Table 1 XRF analysis results of copper anode slime (mass

fraction, %)

Cu Pb Ag S Se As Ba

23.1 18.8 14.5 9.3 8.1 4.6 4.5

Bi Fe Au Al Cr Ca Co

1.2 0.4 0.3 0.3 0.3 0.1 0.1

Sb C Te Ni Cl Si Hf

4.5 3.4 1.7 1.7 1.4 1.3 0.1

Pd /n Sr K P

0.1 0.1 0.1 0.04 0.01

F2 IR ETICR E BT A
Table 2 Quantitative analysis results of copper anode slime

(mass fraction, %)

Cu Pb Ag Au Pd
16.35 13.74 9.94 0.33 0.1
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Fig. 1 XRD pattern of high lead anode slime
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Fig. 2 Phase morphologies of gold in high lead anode slime:
(a) Au; (b) Au-Pb, Au
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Fig. 3 EDS spectra of gold in high lead anode slime: (a) Au;

(b) Au-Pb
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Fig. 4 Phase morphologies of silver in high lead anode slime:
(a) Ag(Pb)Se; (b) Ag(Cu)Se(S)
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Table 3 Content statistic of CuAgSe compound

Measuring Mass fraction/%
point Cu Ag Se S
1 17.789 50.538 22.99 8.683
2 10.861 72.936 12.77 3.433
3 15.335 59.111 21.48 4.074
4 10.802 63.777 20.848 4.573
5 5.14 67.707 22.275 4.878
6 16.653 58.19 20.908 4.249
7 6.467 68.391 20.01 5.132
8 3.454 74.317 22.229 0
9 20.848 64.749 14.403 0
10 5.282 77.808 16.91 0
11 0 68.727 21.296 0
12 0 78.594 21.406 0
Maximum 20.848 78.594 22.99 8.683
Minimum 0 50.538 12.77 0
Average 9.386 67.070 19.794 2.919
(a)

(b)
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Fig. 5 EDS spectra of silver in high lead anode slime:
(a) Ag(Pb)Se; (b) Ag(Cu)Se(S)
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Fig. 6 Phase of copper in high lead anode slime: (a) CuSOy; (b) Cu; (c) Cu, (d) CuFeS,
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Fig. 7 EDS spectra of copper in high lead anode slime: (a) CuSOy; (b) CuFeS,
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Fig. 8 Phase morphologies of lead in high lead anode slime: (a) PbSO,; (b) PbSb,Og; (¢) PbAsOy; (d) PbS
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Fig. 9 EDS spectra of lead in high lead anode slime: (a) PbSOy; (b) PbSb,O¢; (c) PbAsOy; (d) PbS
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Fig. 10  Other phase morphologies in high lead anode slime: (a) NiO; (b) BiAsOy; (c¢) Sb(Bi)AsOy; (d) BaSO,
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Fig. 11 EDS spectra of other phases in high lead anode slime: (a) NiO; (b) BiAsOy; (c) Sb(Bi)AsOy; (d) BaSO4
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Table 4 Metal occurrence state of copper anode slime

Element Occurrence state
Au Au. Au-Pb
Ag Ag,Se. CuAgSe
Cu Cu. CuSO,;. CuAgSe. CuFeS,
Pb PbSO4. PbSb,Os. PbAsO,. PBS
Ni NiO
Se AgySe. CuAgSe. Cu,Se
As PbAsO,4. BiAsO4. Sb AsOq4
Sb PbSb,0g+ Sb AsO,
Bi BiAsOy
Ba BaSO,
Fe CuFeS,

Fig. 12 Main phase morphologies in high lead anode slime: (a) Anode slime; (b) Cu conformed by NiO; (¢) CuFeS, conformed by

Sb(Bi)AsQy; (d) BaSO4and PbSO, intergrowth
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