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Table 1 Main chemical composition of germanium-

containing zinc oxide dust (mass fraction, %)

Zn Fe Pb S Ge SiO,
4438  4.93 13.55  7.13  763.7V 2.8
1) g/t

w2 KRB
Table 2 Chemical composition of spent electrolyte (g/L)
Zn Mn Mg H,SO,
37.09 4.08 19.32 151.62
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Fig. 1 XRD pattern of germanium-containing zinc oxide
dust
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Table 3 Distribution of germanium

Occurrence state  Content/(g't ') Proportion/%
Oxidation 60 7.89
Sulphur 30 395
Silicate 530 69.74
Solid solution 140 18.42
Total 760 100
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Fig. 2 SEM images((a), (b)) and EDS spectra((al), (a2), (a3), (bl), (b2), (b3)) of germanium-containing zinc oxide dust: (a)

Dense agglomeration area; (b) Loose particle area
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Table 4 Experimental leaching results of Zn and Ge in

different system and oxygenation

Leaching reagent 0O, wWZn)/%  yp(Ge)/%
160 g/L H,SO, Without 80.56 87.22
160 g/L H,SO4 With 82.55 87.35

Spent electrolyte Without 77.44 68.74

Spent electrolyte With 84.31 75.83
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Fig. 3 Effect of different experiment conditions on leaching efficiency: (a) Time; (b) Liquid-solid ratio; (c) Temperature;

(d) Oxygen pressure
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EE T AR Fe IR A AR

®6 TATRIRIRIRW pH. BRSBTS
=5 AT RIELE % Table 6 pH and concentration of Fe and Ge in parallel
Table 5 Result of parallel experiment of leaching experiment solution
efficiency of Zn and Ge Experiment  p(Fe*)/ p(Fe’")/  p(Ge)/
Experiment No. n(Zn)/% n(Ge)% No. (gL (gL (mgL™ i
1 83.79 83.09 1 6.4 0.4 70 0.45
2 83.34 82.33 2 6.4 0.4 68 0.35
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Table 7 Concentration of iron and Ge ion in acid leaching

liquid and neutralizing solution

. p(Fe*h)/ p(Fe*™)/ p(Ge)/
Experiment No. _ _ 7~
P @Lh) (@@L  (mgL))
1 6.6 0.025 89.8
2 6.6 0.025 88
xS MIFEEENS

Table 8 Main chemical composition of acid leaching

residue (mass fraction, %)

Zn Fe Pb Ge" Sio,
17.24 0.83 31.28 289.1 6.2
1) g/t.

RO PREM S

Table 9 Concentration of Zn and Ge in neutralized
solution (g/L)

Zn Ge" As

117.08 89.8 0.78
1) mg/L.
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Fig. 4 Change of leaching efficiency of iron and iron

valence state with time
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Table 10 Distribution of germanium in residue and leaching efficiency and proportion of of leached germanium

Leaching efficiency of Proportion of

Occurrence state Content/(g't ") Proportion/% Ge in each component/% leached Ge/%
Oxidation 10 3.57 93 7.34
Sulphur 10 3.57 86 3.39
Silicate 190 67.86 84.94 59.24
Solid solution 70 25 79 14.55
Total 280 100 - 84.53
HE 10 vJ51, @ditEE, ASMmis

FO &4 B 8 BRI (IR AR IR S F B0 th 343 ) —ey

BB T 93%. 86%, 1M AR MR £ AN RAE 46 75 By . s P30,
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Fig. 6 XRD pattern of acid leaching residue
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Fig. 7 SEM images and EDS spectra of acid leaching residue
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Leaching germanium-containing zinc oxide dust by
atmospheric oxygen enrichment

ZHU Ying-xu', DENG Zhi-gan', WEI Chang', LI Yan-lin>, ZHANG Mei’, ZHAO Wen-li'

(1. Faculty of Metallurgy and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China;
2. Yun Nan ChiHong Zn & Ge Co., Ltd., Qujing 650011, China)

Abstract: The atmospheric oxygen enrichment leaching-neutralization process was proposed to deal with the dust.
The acidity was controlled to reduce leaching of Si and dissolution of oxygen, avoiding the loss of Ge by iron
gel-silica gel, controlling concentration of Fe' to leach sulfide. The results indicate that the germanium leaching
efficiency can reach 83% under the condition of temperature 90 °C, liquid-solid ratio 7 mL/g and pH 0.3—0.7 for
4 h. The phase of acid leaching residue contains zinc sulfate, lead sulfate and silicon dioxide, the surface appears
porous and loose structure. Most of Ge occurs by silicate. The leaching efficiency of Ge in silicate reaches 84.94%,
the proportion reaches 59.24% in all leached germanium. The concentration of ferric and silicon in acid leaching
solution are controlled to 0.4 g/L and 64.5 mg/L, respectively. The dust is used to neutralize the acid solution. The
neutralization experiment and cycle experiment verify, controlling solution pH in 3.0—3.5 and react for 1.5 h, the
concentration of Fe’* can reduce within 0.025 g/L, meeting the subsequent requirements for extract germanium.

Key words: germanium; zinc oxide dust; atmospheric oxygen enrichment leaching
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