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Leaching mechanism of zinc powder replacement residue containing
gallium and germanium by high pressure acid leaching
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Abstract: The high pressure acid leaching of zinc powder replacement residue containing gallium and germanium was
carried out. The effects of sulfuric acid concentration, liquid to solid ratio, time, temperature, as well as the kind and
concentration of leaching assistant agents on the leaching rates of gallium and germanium were studied, the filterabilities
of the leaching residues were also investigated. The results show that increasing sulfuric acid concentration till 156 g/L
benefits the leaching of gallium and germanium. Above this point, the leaching rate of germanium will decrease. The
increase of leaching time or temperature has little influence on the leaching rates of gallium and germanium, but the
filterabilities of leaching residues are improved obviously. Adding cadmium nitrate or sodium nitrate can improve the
leaching of gallium and germanium, moreover, adding cadmium nitrate can also improves the filterability of the leaching
residue sharply. The sample of zinc powder replacement residues is leached for 3 h under the conditions of sulfuric acid
concentration of 156 g/L, cadmium nitrate concentration of 60 g/L as leaching assistant agent, liquid to solid ratio of §,
temperature of 150 °C, the leaching rates obtained are over 98% for gallium and over 94% for germanium, respectively.
Moreover, the filterability of the leaching residue is 20 times more than that of the residue obtained under normal
pressure acid leaching condition.
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Table 1 Main chemical compositions of zinc powder
replacement residue containing gallium and germanium (mass

fraction, %)

Zn Cu Fe Fe** Si0,
24.45 5.55 7.88 3.74 9.14
Ga Ge Pb As
0.266 0.362 0.46 0.98

F 2 PPREHEE DB I A R
Table 2 Gallium and germanium phases in zinc powder
replacement residue containing gallium and germanium by

chemical analysis

Germanium phase ~ Mass fraction/% Distribution/%
MeO-GeO, 0.222 61.32
GeO+GeO, 0.081 22.38

Ge+GeS,+GeS 0.059 16.30
>Ge 0.362 100
MeO-Ga,04 0.076 28.58
Ga,0; 0.187 70.30
Ga+Ga,S; 0.003 1.12
>Ga 0.266 100

F3 P EBENE R T 2
Table 3 Particle size distribution of zinc powder replacement

residue containing gallium and germanium

Particle size/pm Mass fraction/%

<45 75.81
45-60 4.81
60-93 4.66
93-150 10.83
>150 3.89

1 AT, SESOPTH “Rrb B s T2
Wk Zn. Si. Cu. Fe. As. Pb %%, Hip Fe¥'&i
M 3.74%, HIFEESERE R 47.66%;: L Ga Fl Ge
(K& B35 R 0.266%F1 0.362%. H1%6 2 AT, Ge =
ELL MeO-GeO, GeO, TEARAFE{E, DN Gev GeS.
GeSy; 1M Ga FZLL Ga,03+ MeO-Ga,05 JEASAFAAE, /b
HH Ga. GaSyo & 1 o XRD 70 #r4f RAEW], “oF
B ERE R R SRR RIREE, A
D RERIREE  REIREFAZAE, TG, RILY Ga.
Ge WIAHIOAT AT . HH2 3 mT 0, SO AT H “HBpk &
B RN, T5% L ERRIE/NT 45 pm.
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Fig. 1 XRD pattern of zinc powder replacement residue

containing gallium and germanium
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Fig. 2 Effects of sulfuric acid concentration on leaching rates

of gallium and germanium and filtration performances of

leaching residues
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Fig. 3  Solubilities of GeO, in aqueous H,SO, solutions
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Table 4 Loss rates of gallium and germanium under

different additions of zinc silicate

B Loss rate/%
P(ZnySiOy)/ (gL )

Ge Ga
5 5.30 3.40
10 9.53 5.40
15 14.50 8.30
20 19.20 11.90
30 21.60 12.44

WA 4 LU, B RERREE L ION N, Y
1 Ga. Ge $UKHULIRET, HL Si % Ge MWL Y]
o WSRING LU T ESCRE I, FLB e
B REOOREII, 5 090 03 U2 .

2.2 RE LR RN
TEBRIK L 156 g/L i L E 150 °C\ %2 H ]
3 hy BEFEEE 300 v/min I50F T, 5T W LLXT
Ga. Ge & H & &R it uEMERERIRE M, Wl 4 .
MIE 4 aTRLEH, Ga. Ge (132 H R BBl H L
FRBE T . S Ll 4 B9 nEE 10 B, Ga. Ge

100 - 100
4190 =~/
90 '
S {80 E
o —
& g0l g
& 170 =
£ N
= A— Qe i 2
g 70t "— Ga 60 f
- o— Filtration speed .S
150 S
60+ =
140 =

50 1 I I L L I I 30

Liquid-solid ratio/(mL-g™")
4 WREEEX Gay Ge iR 1 MR i ik g PERE K52 M
Fig. 4  Effects of liquid-solid ratio on leaching rates of
gallium and germanium and filtration performances of leaching

residues
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Fig. 5 Effects of leaching time on leaching rates of gallium
and germanium and filtration performances of leaching

residues
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Fig. 6 Effects of leaching temperature on leaching rates of
gallium and germanium and filtration performances of leaching

residues
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Fig. 7 SEM images of leaching residues at different
temperatures: (a) 100 ‘C; (b) 200 ‘C
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Fig. 8 XRD patterns of leaching residues at different
temperatures: (a) 100 ‘C; (b) 200 ‘C
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concentration on leaching rates of zinc, iron, gallium and

Effects of leaching assistant agent species and

germanium: (a) Calcium nitrate; (b) Sodium nitrate
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Fig. 10 XRD patterns of leaching residues under different

sodium nitrate concentrations: (a) 45 g/L; (b) 25 g/L
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Fig. 11
leaching systems: (a) Adding calcium nitrate; (b) Adding

SEM image of leaching residue under different
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