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S T R B s R T N SR, &
T AL WA AR R, e 75% kLR /N
T 45 um. WEMEE R RS PIAN S BT 4E S5 5 51
T2 1A 2. Pk XRD i%WE 1 fror. Y0k EPMA
ROTHT S Rl 2 i3k 3 o, Pk Ga. Ge. Fe.
Si I TR 7 An B A 3 s

M 1 oA, SEEG BT FEER B 3 s T2 B R Oy
N Zn. Si. Cu. Fe %%, Hr Fe(I1l)& N 3.74%(5
WD, HRRLESE R 47.66%(T R ) M
Ga Fll Ge &840 514 0.266%F1 0.362%(JF 57350

Table 1 Main composition of zinc powder replacement residue containing gallium and germanium (mass fraction, %)

Zn Cu Fe Fe(Il)

Ga Ge Pb As

24.45 5.55 7.88 3.74

0.266 0.362 0.46 0.98

F2 PR E SIS DA R S i A5 R

Table 2 Gallium and germanium phases in zinc powder replacement residue containing gallium and germanium by chemical

analysis (mass fraction, %)

Germanium phase Mass fraction/%  Distribution rate/% Gallium phase Mass fraction/% Distribution rate/%
MeO-GeO, 0.222 61.32 MeO-Ga,04 0.076 28.58
GeO+GeO, 0.081 22.38 Ga,0; 0.187 70.30

Get+GeS,+GeS 0.059 16.30 Ga+Ga,S; 0.003 1.12
>Ge 0.362 100 >Ga 0.266 100
4—7Zn
e — ZnSO,-7H,0
1 s — ZnFe,0,
. = — 7Zn,S10,
L]
o
o0 °
L] o A A
o oA .
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Fig. 1

containing gallium and germanium

XRD pattern of zinc powder replacement residue

B2 PP E A T ERER T
Fig. 2 EPMA image of zinc powder replacement residue

containing gallium and germanium
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Table 3  Electron probe microanalysis of zinc powder replacement residue containing gallium and germanium in Fig. 2

Mass fraction/%

Element
1 2 3 4 5 6 7
(6] 39.703 39.922 41.632 41.476 55.199 27.399 46.982
Ge 0.073 0.838 0.213 0.407 0.506 0.104 0.046
S 10.587 2.708 2.590 4.259 3.204 0.492 10.934
Ga 0.041 0.431 0.310 0.237 0.482 0.159 0.500
Zn 22.308 21.016 12.867 24.283 17.011 16.792 22.665
Fe 1.702 5.868 5.947 5.475 4.526 41.075 2.547
Cu 3.119 5.564 2.728 5.523 5.685 1.229 3.701
Si 2.682 6.476 12.384 2.253 6.164 0.483 1.245
Pb 0.256 1.280 0.283 0.319 0.723 0.069 0.472
Ca 0.060 0.002 5.451 0.467 1.451 0.035 14.05

Main mineral phases: 1—ZnSO47H,0; 2, 5—Zn,Si04; 3—Si0,, Zn,Si04; 4—ZnS047H,0, Zn,Si04; 6—ZnFeyO4; 7—
ZHSO4'7H20, CaSO4

Mass fraction/% Mass fraction/%

Ge Fe
1.330 66.41

1163 58.11
0.997 49.81
0.831 41.51
0.665 33.20
0.499 24.90
0.332 16.60

l 0.166 l 8.30
0 0

Mass fraction/% Mass fraction/%

Ga Si

2.657 39.45
2325 34.51
1.993 29.58
1.660 T 2465
1.328 19.72
0.996 14.79
0.664 9.86
0.332 I 4.93
0 0

Bl 3 Ge. Fe. Ga. Si JGHRALM B W 1040

Fig. 3 Distribution of Ge(a), Fe(b), Ge(c), Si(d) in zinc powder replacement residue containing gallium and germanium
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XRD S M4 R, BER B TP S YN S Ge EEMMAEREIREE. BREET, EREREEYT Ga.
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2.1 FREGIRE IR0
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1546 g/L NAME T, 8T IR EX E 2480
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HHIE @)l s, e S LRGN, i
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R)e KL, #IEF Ga. Ge 13 H R B IR L yE
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Fig. 4 Effects of sulfuric acid concentration on leaching rate

of metals(a) and filterability of leaching residues(b)
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Fig. 5 Solubility of GeO, in aqueous H,SO, solutions
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Fig. 6 Effects of temperature on leaching rate of metals(a)

and filterability of leaching residues(b)
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Fig. 7 Eftects of liquid-solid ratio on leaching rate of metals
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Fig. 8 Effects of leaching time on leaching rate of metals
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Fig. 9 Effects of NaNO; concentration on leaching rate of

metals
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Fig. 10 XRD patterns of leaching residues with different
NaNOj; concentrations: (a) 52.29 g/L; (b) 70 g/L
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Fig. 11 Effects of sodium dodecyl sulfate concentration on
leaching rate of metals(a) and filterability of leaching
residues(b)
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K, KR nE FEMOK,  HIE R SRR, X
— AL AR T REI (W PR R 0, AT R TR RO
Ga. Ge ¥ SO HE R JEMEREI AR . IX A1
M 13 IR 4 [R5 H v 5 o W 4 R vh ik — DR 5K,
FERIIN T B R R A, Ge. Ga fEIR YK
TR, RS BIE 0.641%. 0.128%; 1IN
20.5 g/L T Re BRARR AT, R H VA TP (R TR SR AR
KK, Ge Fl Ga fE¥E Th B IR D, ~FIME 5 ML A
0.185%- 0.079%. ST —he LR b AR T4 m
Ga. Ge MR%H, JFSCEER G IENERE, (Hid
W RS IR N S BRI > T, BHAE TR
R, MiaBiis B pg ke .

2.7 BNigHIE
IR RRY], EMREEARRT, &M
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Fig. 12 SEM images of leaching residues with different
sodium dodecyl sulfate concentrations: (a) 2 g/L; (b) 10 g/L
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B 13 ANF R AR B R I T R AT
Fig. 13 EPMA images of leaching residues with different
sodium dodecyl sulfate concentrations: (a) 0 g/L; (b) 20.5 g/L

* 4 13 A )b o SRR Ak P W H v PO AR
T M 4 R
Table 4 Electron probe microanalysis of leaching residues

with different sodium dodecyl sulfate concentrations in Fig. 13

363.15 K N 75 A dhr A B AP ARk WL 5.

GeS, +4H" +4NO; =

GeO, + 250, (g) + 4NO(g) + 2H,0 (1)
3Ge+2H" +2NO5; = 3GeO + 2NO(g) + H,0 2)
GeS+2H" + 2NO; = GeO + 2NO(g) + H,0 + SO, (g)

3
Ga,S; +6H" + 6NO; =
Ga,0, + 6NO(g) + 3H,0 + 350, (g) (4)

2Ga+2H* +2NO; = Ga,0, +2NO(g)+ H,0  (5)

£S5 363.15K F W FERE AN A h gk

Table 5 Gibbs free energy change of reaction equation at

363.15K

Equation No. Gibbs free energy/(kJ-mol )
(1) —743.057
) —417.886
3) —281.443
4) —1008.380
®) —853.333

Mass fraction/%

0 g/L sodium 20.5 g/L sodium
dodecyl sulfate dodecyl sulfate
Ge Si Ga Ge Si Ga

0.641  27.413  0.128 0.185 25.089  0.079

R L I pEERE . FSAN R

1) R AEAAVE T . B3R 2 RORPR B3 B b
YA T 45 T, Gas Ge B T LUSAME o748
Gb, A ER S DA 8 TE AP, R T Ge
Kd, HIT RS ST A E, R T A
R KRR IR, AR £ X N 23 A3 8 43
Ga. Ge KA, FACHFN ALY, T sE
et Ga. Ge MyBetl, HAKKN A (D)~(5), 15

M5 [N TR A H EHRE T AR, RO
WEE 90 'C I, & B T AT T B AR A TUE,
KRR AR R T, SR AHRRIRAE A A, ¥ Ga.
Ge [ 5 FURIR AL A R A Y. R S AL D AE 30 ) 2 |
SERATIR

2) TR RN RE R Y UE . T Ga.
Ge HAT “ORfk” mfetE, FEIRIITE AR FHL Ga.
Ge [FIWBH 2K o A iBE A i Xt Gas Ge 32 HY IR 520,
B T LR R A, I R U T A R K
ORI PE O REBURL . TERY™ 2 WIF5T Si 76 RV
I AAT N, EEREETT, W St EELL
H,Si0; W IR BB IR IEASAEAE,  IERIRAAE R TRV
AW IEHAT . MR AR R T SN BS 1 3R s e+
g ) S B S T s = S 1 BUR T LW N
JOAEAE Ty S RS B B R AR R 1T, A
MFT AR R PR ERRAS T 288V A g i
PATIOREBESR R AT I TR AR 1 PR R 45 5 A
NI AR RN B4 W B B8 00, I et i s 1t 8
PEGERT, [ 14 BTRNIR B L AN GRS . B 14
T DLE L, USRI 20.5 g/L 19T R R IR AN S (iR
20 AR 6B R L T R BB —CH, (2960 em'
1460 cm ™). —CH,—(2850 cm ')« FfFRIE(1178 cm ).
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Sulfuric leaching process of zinc powder
replacement residue containing gallium and germanium

LIU Fu-peng, LIU Zhi-hong, LI Yu-hu, LIU Zhi-yong, LI Qi-hou, WEN Da-min

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The sulfuric acid leaching of the zinc powder replacement residue containing gallium and germanium was
carried out. The effects of sulfuric acid concentration, temperature, liquid-solid ratio, leaching time and additives on the
leaching efficiencies of gallium and germanium, together with the filterability of the leaching residues were investigated.
The effective mechanisms of improving the leaching through adding sodium nitrate and sodium dodecyl sulfate were
found out. The results show that adding both sodium nitrate and sodium dodecyl sulfate can improve the leaching of
gallium and germanium. Moreover, adding sodium dodecyl sulfate can also improve the filterability of leaching residues
obviously. These could be attributed to the fact that nitrate ions oxidize elemental gallium and germanium, as well as their
sulfides, thereby increasing the leaching efficiencies of gallium and germanium, while the sodium dodecyl sulfonate
promotes the flocculation of silica gel, thus the absorption of silica on gallium and germanium decreases and the
filterability of the leaching residues improves. Leaching the zinc powder replacement residue for 4 h under the conditions
of temperature of 90 C, liquid-solid ratio of 10 mL/g, stirring rate of 300 r/min, sulfuric acid concentration of 156 g/L,
sodium nitrate of 52.29 g/L, sodium dodecyl sulfonate concentration of 20.5 g/L, the leaching rate of gallium and
germanium reach 97.01% and 90.45%, respectively. In addition, the filtration rate of the leaching slurry increases from
0.48 mL/min to 30.65 mL/min with the addition dosage of sodium dodecyl sulfonate increasing from 0 to 20.5 g/L.

Key words: gallium; germanium; leaching; filterability
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