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Abstract

The process of “dilute sulphuric acid leaching-oxidant + dilute sulphuric acid leaching-initial de-
lead from solid phase-chloride leaching-removal of lead and arsenic from dip bismuth solution-
bismuth precipitation-dearsenication” was used for preparation of high-purity bismuth oxychlo-
ride from copper converter flue dusts. Firstly, dilute acid and manganese dioxide + dilute acid
mixture were used as leaching agent, under the condition of 60°C water bath, the liquid-solid ratio
2:1, leaching 1 h respectively, so that most solubility elements such as Cu, Zn, Sn could enter solu-
tion and lead, and bismuth stays in slag. Secondly, the configured solution is used with pH = 4.5 at
room temperature. Under the condition of solid-liquid ratio of 5:1, treated with secondary leach-
ing of copper residue, the purpose is to take off the lead for solid phase. Thirdly, bismuth leaching
liquid was treated with modified reagents, in order to reduce metal elements of lead and arsenic
content in the solution. The results showed that acid leaching under the condition of the room
temperature, 1 mol-L-1 HCI, 2.5 mol-L-1 NaCl, and the liquid-solid ratio 5:1, was feasible, and the
average extraction rate of bismuth reached 92%, while the leaching solution concentration of
bismuth was 0.20 - 0.30 mol-L-1. The pH value of leaching solution was adjusted with the sodium
carbonate solution with the mass fraction of 1.66%. With the addition of sodium carbonate solu-
tion, the pH value increased from 0.5 to 3. The purpose is to deposit bismuth. In a comprehensive
view, through this process, copper and bismuth as the valuable metals get an effective recycling.
The leaching rate of copper was increased from 40% to 70%. This process can effectively separate
the Bi from other elements. The content of arsenic in bismuth oxide decreased from 3.80% to
0.03%, and the removal rate reached 99.21%. The content of lead in bismuth oxide decreased
from 3.46% to 0.189%, and the removal rate reached 96.39%. Finally, solution after Bi precipita-
tion is treated with hydrochloric acid and sodium chloride mixed solution, and the solution is re-
turned to leaching bismuth.
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Table 1. ICP-AES analysis of copper converter dust
= 1. $EEE AP EL ICP-AES 247

Elements Cu Fe Bi Pb Ni Zn
Content/% 23.88 0.95 15.50 5.00 0.057 0.66
Elements Al Co Ca Sn Ba As
Content/% 0.26 0.050 0.10 0.16 0.053 0.34
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Figure 1. The process of extracting bismuth by wet method
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Table 2. ICP-AES analysis of primary copper leaching residue
F* 2. —RR4EE ICP-AES 747

Elements Cu Fe Bi Pb Ni
Content/% 17.63 2.76 13.37 3.78 0.06

Elements Al Co Ca As Zn
Content/% 1.20 0.04 0.73 0.66 0.08

Table 3. ICP-AES analysis of second copper leaching residues
= 3. TRRAE ICP-AES 531

Elements Cu Fe Bi Pb Ni
Content/% 15.22 2.18 13.58 3.62 0.05

Elements Al Co Ca As Zn
Content/% 1.93 0.04 0.91 0.73 0.04
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Figure 2. Effect of chloride ion concentration on the leaching rate of bismuth
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Figure 3. XRD analysis of leaching bismuth residue
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Table 4. Effect of chloride concentration on the leaching rate of bismuth

4. FBETIREX R HERNFM

C (CI'™)/mol-1™* 1.0 15 2.0 2.5 3.0

Bi leaching rate/% 86.8 89 90.9 95.8 98.2

Table 5. Effect of liquid solid ratio on the leaching rate of bismuth
F 5. REILEXTHR HE R0

Liquid/solid 6:1 5:1 4:1
Leaching rate of Bi/% 95.63 95.32 89.68
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Table 6. The content of metal elements in the leaching residue of bismuth
F6 WRHEPHEELRAE

Elements Cu Fe Bi Pb Ni
Content/% 17.21 3.61 3.63 3.56 0.06
Elements Al Co Ca As Zn
Content/% 1.28 0.06 4.40 0.43 0.04

Table 7. Effect of different liquid to solid ratio on precipitation of bismuth
= 7. FERE XSS

g 1 (ZEXHHR) 2 3 4 5 6
L/S - 125:1 50:1 25:1 15:1 10:1
Mg 2.35 2.34 2.33 2.15 1.98 1.31

Table 8. The removal rate of metal elements in different liquid solid ratio

% 8. FRIRELLZ MG TREERBTELRRE

L/S 125:1 50:1 25:1 15:1
p(Pb™") 1% 84.86 90.15 95.40 96.83
P(AS™) s/ % 98.79 98.92 98.34 99.05
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DU G P i R A AL BB XRD 23 M an € 5 Fros .
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Z AR, (AL E SRR .

2) SEELVEWAEIE YRR 26 44 E . 1 mol-L ™t (U HCL, 2.5 mol-L™* f#) NaCl, L/S =2:1, %
(735092 R AT IR B 95%, 2B F 4 B TR E5E ] 0.20~0.30 mol-L .
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Figure 5. Analysis of bismuth oxide XRD after process treatment
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Table 9. The rate of bismuth deposition in different pH values
52 9. A[E pH ExT R AT Sib 2R

PH 0.8 15 2.0 2.5 35 5.0

Deposition rate of bismuth/% 5 11 35 93 98.1 98.3

Table 10. Elemental composition of bismuth oxide before treatment

#* 10. LEATRE W TERS

Elements Bi Pb Cu As Fe

Content/% 66.67 3.46 1.08 3.80 0.52

4) G T EMF)E, As fER AL & =M 3.80%F%F] 0.03%, HIELMRFKIAF] 99.21%; Pb 7£

AN SR 3.46%%F1 0.189%, 451125 R %k %] 96.39%.
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