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Table 1 Main chemical composition of the zinc powder
replacement residues containing gallium and germanium (mass

fraction, %)

Zn Cu Fe Fe(1l) SiO,
24.45 5.55 7.88 3.74 9.14
Ga Ge Pb As
0.266 0.362 0.46 0.98

MeO-GeO,. GeO, JEARAFLE, D& Ge. GeS. GeSy;
M FE L Ga,05+ MeO-Ga,0; EATELE, LEA
Ga. Ga,S;. XRD Zr#T&i &, Bk B bk
FEWIMh G R IREE, WA DREBRIREE. FER
BEAPAE, & IR, R LB ER S BEYAR AT S e (O,
Bl D). FHER 3 T, SESG TR B3 R B R A
A, 75%(FrE) LU ERRIE /N T 45 pm.

& 4 HRTFRE e B g v &, B2 el
| FEYM A RBREE, ST AN, s B2
HS 64 114 13 AT 3. 8 43 A A Bk BRI ERR BE VAT,
KPR R SIS B S TR B, 5
Gb, WERREETER. BB TR . B 2
HAM SRS . . S5 Nk. 1t
Ol SR Y/

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

analysis (mass fraction, %)

Germanium phase wi% Distribution/% Gallium phase wi% Distribution/%
MeO-GeO, 0.222 61.32 MeO-Ga,05 0.076 28.58
GeO+GeO, 0.081 22.38 Ga,05 0.187 70.30

GetGeS,+GeS 0.059 16.30 GatGa,S; 0.003 1.12
Total 0.362 100 Total 0.266 100
F3 PO E SRR R A 45 R A—1Zn
) ) o ) R ® — ZnSO,-7H,0
Table 3 Particle size distribution of zinc powder replacement a — ZnFe,0,
o = — 7Zn,Si0,

residue containing gallium and germanium by wet screen

analysis
Particle size/um wl%
<45 75.81
45-60 4.81
60-93 4.66
93-150 10.83
>150 3.89

260/(°)
1 PR E B XRD
Fig. 1

containing gallium and germanium

XRD pattern of zinc powder replacement residue
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B2 ek E s T R S iR
Fig. 2 EPMA image of zinc powder replacement residue

containing gallium and germanium
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HAYRD, ARS8 IR AT A .

N TAESERER BRI P b . B BRAR
A, ML 4 B, wERE. B R BRI
T TS, HUE SR~ s,

w(Ge)=0.1132+0.0534w(Si), R=0.842 (1)
w(Ge)=0.3061+0.0245w(Fe), R=0.597 )
w(Ga)=0.2114+0.0321w(Si), R=0.298 3)
w(Ga)=0.1156+0.0061w(Fe), R=0.078 (4)
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U R SRR 4). B SR B B IR DG
VA PRI o i Sk, BRI S B ARG E . Hilk
AT, FEAERYE R R B R T 3 B DU
FEMEA(MeO-GeO,) BEANFIA T MidK T2 AL EE
MR G 458, Ga,05 f7AE# .

12 KWHZE

I E AR AR EE ) HyCo04 T 500 mL
SR, B S EORE T EE A, THE SR SR
F5 5 AR 5 4 HECTUE P9 I i o L m N — 2 (1R XK
FVEERY BN, JF IR BEEE, B2 300 r/min,
PRIl —E IR BHETRE, BB S g,
SEIE PRI, ORISR IR, ORI, UE
BRI S, URE T -

1.3 S#AE

KH Rigaku—TTRII A X SHLEATHH(Cu HE,
K, =1.5406 A)7r# ek B 4 st o i v ) o i)
YIRS SR ISM—6360LV 7R 44l v 5 W 823
WIES; KA TXA-8230 el &0 BT e fh 2 ik
PRIV AR 1) J7 550 BT B Ry L 40 K B v R i P R
FVRE RIIARZE 7 S & 5 R A EDTA 4530 e 20
B P& B (GB/T 8151.1-2000); K HEAH

Table 4 EPMA results of zinc powder replacement residue containing gallium and germanium shown in Fig. 2

Spot wi%

No. ¢} Ge S Ga Fe Cu Si Pb Ca
1 39.703 0.073 10.587 0.041 22.308 1.702 3.119 2.682 0.256 0.060
2 39.922 0.838 2.708 0.431 21.016 5.868 5.564 6.476 1.28 ND
3 41.632 0.813 2.590 0.312 12.867 5.947 2.728 12.384 0.283 5.450
4 41.476 0.407 4.259 0.237 24.283 5.475 5.523 2.253 0.319 0.467
5 55.199 0.506 3.204 0.482 14.014 4.526 5.685 6.164 0.723 10.45
6 27.399 0.104 0.492 0.159 16.792 41.075 1.229 0.483 0.069 ND
7 46.982 0.046 10.934 0.500 22.665 2.547 3.701 1.245 0.472 14.050
8 40.975 0.725 1.348 0.286 13.545 5.245 1.756 14.548 0.210 3.145
9 46.145 0.564 6.145 0.524 24.145 2.156 5.482 13.245 0.275 0.896
10 47.176 0.542 4.235 0.422 23.172 3.458 4.467 9.789 0.315 3.456
11 28.455 0.115 0.385 0.162 17.042 42.025 0.768 0.445 0.104 0.135
12 50.324 0.465 4.865 0.452 16.415 2.576 5.425 6.784 0.113 2.745
13 39.017 0.135 0.296 0.344 20.319 37.530 0.703 0.549 0.066 1.087
14 42.325 0.856 3.096 0.295 12.067 5.846 2.708 15.384 0.243 2.645
15 46.785 0.607 4.651 0.197 25.086 5.145 5.420 11.253 0.319 0.467

ND—Not detected at a minimum detection limit of 300 X 107
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Ge Conc Area/% Fe Conc Area/%
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1163 0 5811 Y
I 0.997 ¥ ' 4981 0
0.831 © 4151 9
0.665 94 3320 9
0499 16 2490 9
0332 119 16.60 %1
|0.166 19.1 g30 06
67.0 0 93.3
Ave 0.133 0 Ave 1.26 0
Ga Conc Area/% Si Conc Area/%
2657 0 3045 0
2325 0 34.51
1.993 0 '29.58 Gl
1.660 92 2465 92
1328 13 19.72 04
0996 24 1479 02
0664 132 ogg 02
.0.332 303 493 64
-0 52.6 .0 92.4
Ave 0.190 0 Ave 1.89 0

Fig. 3 Distributions of elements Ge, Fe, Ga and Si in zinc powder replacement residue containing gallium and germanium

1.0

w(Ge)/%

0 4 8 12 16
w(Si)/%

4 FERYE B RS R SRS B O
Fig. 4 Correlation between Ge content and Si content in
zinc powder replacement residue containing gallium and

germanium
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LS BTN, AR P SRR N, BRI R
X BRI A BT . Y B RIK N 40 g/L
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N 110 g/L i, 85 BRI R0 H 75.04%.
37.33% $2EE] 98.89%. 94.19%, Bk L1 Rk
FEXTER . BRI R . EAHRISIE S, 4
TR E A 40 g/L $Rm A 130 g/L I, iR RS
% Bt B 14.38% $mF] 32.33%. X—ZEHEK
TN BT LS YR K Fe(TI) B RiAE €
MECEY, et (HEER S Fe(11)E it
VETTATH, 1 Fe(1DBR Tk HIRVIEISL, WAk
HHIR S Fe(ID V=4, Bk, ki 5ol
FB AT, S5, B B, B, B TR
B B PR P RN R R M RRIRSE N 40 g/L 2
A 130 /L I, 4 BRI 5 2.31%113.29%
FEAR A 0.65%. 0.26%. X % Ry SRR A . g
BRI RN, Ko 533 4431077, 138X 107,
DR 35 HE PR A 2 e AR e S N N B v e
MECRR R ) XRD W5 (LK 6)nl %0, F. Hfea
#rp E L ZnC,042H,0 CuC,04 fE4E. H4h, MK
5 WAL FERTRFSUR) SRR L VO L, AR tH AR A
0.40% /A7, X A HEIE KA RIS Si0, MBS T AN
RN FE AT P, IR, R R AR R (35
- AL
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EILFE 40 °C. HyCL04 3K FE 110 g/L. H,0, KR E
0.08 mol/L [l L 8 (45T T, 5 T ¥ IR TR) 0K
BBk BEL OB RER MR, SR KT Fis.
M 7 g, fERREAART, B B
(135 I ) P B ATk B v (R th 26 AR TR R 30
min B}, B, B HE S HIIE 98.89 % 94.19 %,
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80 116
X
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c(HyC,0)/(g°L ™)
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Fig. 5 Effect of oxalic acid concentration on leaching rates of

Ga, Ge, Fe, Zn, Cu and Si

¥

e — ZnC,0,+2H,0
+ — FeC,0,+2H,0

- CuC204
*— Si0,
A— PbC204
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20/(°)
6 R A XRD %
Fig. 6 XRD pattern of leaching residue after oxalic acid

leaching
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Fig. 7 Effect of leaching time on leaching rates of Ga, Ge, Fe,
Zn, Cu and Si
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(R 2 Wl 2 SRR 2 W K [Fe(C04)s 1 T LRI 32
HARN SR BTHES, EMFERESE T, W, BrR
AR 20 min JFEWT N FE, £ 60 min I, iR
I3 0.30%. 0.24%. [T (13 H AR SEAN R I
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B8 AFEHARTRBHT SEM &
Fig. 8 SEM images of leaching residues under different
leaching systems: (a) Sulfuric acid leaching; (b) Oxalic acid

leaching

SR I e P bl AR R A &R N1 0.48 mL/min
5 %) 100 mL/min.
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i R 84.21%. 80.95%14 N %] 98.89%.
94.19%. TM4kEAE i th, . #REEE
FaF . B BRI L 1 T B e R BT
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100 5;’¥;ﬁ::;::::
80 L "— Ga 18
*— Ge R
*OS A — Fe i 6 %
2 60f o—7n s
o +—Cu en
= @ —Si 14 £
S 40t g
2 4
42
20+
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Fig. 9 Effect of liquid-to-solid (L/S) ratio on leaching rates of
Ga, Ge, Fe, Zn, Cu and Si

WA AR R S DT, DU ey AR ] L 338 R e H )5 )
INCLARE . anlEl 9 Fros, S Lh e 4 55K %) 12 1
PR H R 0.12%38 KB 1.2%; BT v b Rk
MUK AL, MR IO RE T B DU I A AE, A
I B0 RO DRV R 22 (VR LG S 4 0 12 1 43
5024 110 mL/min A1 89 mL/min), 453 mA%. 4511
W B G, T A 7 R HE SR B AR AEAR ] 1) 4% 1
T, B R BTE, RWE O 12 1, B
RN 33.95%. BT RIREYE . EERUTIE M AR
BEL IR H AR B L B0 R B AL,
GBI JETERE A S E AR AR, S ) [
LIz HEA 8.

24 FEHIBEREM

7 HoCoO4 3K JE 110 g/L. H,0, #JE 0.08 mol/L+
I 1) 30 miny WA LE 8 M4RFF T, B8 TR R EENT
BB B B BRIRRR H R R, S5 S 10
Fi7R o

ML 10 WA, AEEG 5 SR L VE LA, B
IR AR B B SR G S D R A, RN N
40 CI, B BEME R4 98.89%. 94.19%.
IX A I DA A 3 2 B il B A R TR AN s T
5, MTsGER HAUR . (HEEZR AR, bl
FERITE R, REEIK R, AR T XK 55
W e v DL R A R AL AR R BE IR
MRS A, MR 40 CHE, B B R
BRBEES . MAEAREISATE T, SR EEH 20 C
FrEE] 60 CH, 2R AR KB 218, HH 21.75%
PR 29.15%; BE. BIREERR I 1%L,
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10 REBEXRE. B B B . BRI LRI
Fig. 10 Effect of temperature on leaching rates of Ga, Ge, Fe,
Zn, Cu and Si

Plk, 7R 40 CIY, nrseBlER. B M ROs kR
e

2.5 H,0,KEBIENT

7E HyCyO4 ¥R 110 g/L IR 40 °C (B [A] 30 min.
W L 8 FI4ME T, B8 T RUEEUKIRBEXTER L 4 Bk
PEL ML RERHIRIG RN, 2R K 11 s,

EHIE 11 W40, IR AR T, XEEUKI I
SRR, IR . REEUK IR 0 mol/L 14
JN%E 0.12 molVL W, #%. #2537t 95.78%.
84.25% MWINZE 99.32%. 98.86%. ZkLEHE A IK K
MR $ IR M ITEH B ER . XK BN
FrUARBIREER . SE IR tH R BRI . Bk B i

10
100 —
T
8
80+ =— Ga
*— Ge
N 4 —Fe le &
£ 60t °—Zn E
g +—Cu s
ki o — Si 14 &
S 40F S
< [+]
3 3
‘//,/‘—’*—_—_—b_‘ -2
20+
S—— —-— =
0 1 1 * -0

0 0.05 0.I10 0.I15 0.I20
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11 XEUKRREER R B Bk BF. . FER AR
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Fig. 11 Effect of H,O, concentration on leaching rates of Ga,

Ge, Fe, Zn, Cu and Si

AAAEXERS IR BE IR ) B SBRAL ), XK K5
AN LA S W 1A Ay, L3 B R v n 5K
(5)~(9), NS MR 5 A dr E  REMAZ AL Wik 5 BTl

GeS, +8H,0, = GeO, +2802” +4H* +6H,0  (5)
Ge+2H,0, = GeO, +2H,0 (6)
GeS+4H,0, = GeO +S02™ +2H" +3H,0 (7)
Ga,S; +12H,0, = Ga,0; +3S02” +6H* +9H,0 (8)
2Ga +3H,0, = Ga, 05 +3H,0 9)

RS H WA 5 XK N 5 A A R RERY
304

Table 5 Gibbs free energy change of oxidation reaction

involved with H,O,
Equation Value of AG® for reaction (313.15 K)/
No. (kJ-mol ™)
(5) ~2228.870
6) ~725.628
7 ~1037.950
®) ~3237.767
) ~653.126

Values of AG® were calculated using HSC Chemistry® 7.0

software.

HHR 5 Rl KL AR 48 R A 5 R
IKAE 40 °C | I 135 A0 0 R Re AR 4038k B,
BHUE AT, fEB R AR R T 5 AR K A A 1
& I SARACI LA R Sy B A, et 18K
HIEH . 54, SEEZK I A AE A EER B 4
1) Fe( 1% A 2 T HBRAREL A 1K Fe(lll), M1
BRI R E 18.15%MINE 31.08%. MAEAH R4
PR, BE HRANRE IR H B XU KR B R 3 n A4k,
B/NARRLE 1%L Brih, IS IBUEEK 5
iz B R PSR B s soE B TER .

2.6 RHKHEK
2t B DR 35 4 A S B R B AR R A PR

TR IE 110 g/L.  RUEUKHEE A 0.12 mol/L. [
Lo 8. HRSE 40 °C. RHIBE] 30 min. 7RI HIS
PER, 8RB Bk B HTRITEE IR 2690 53 h 99.32%
98.86%- 30.25%- 0.84%-. 0.82%7F1 0.43%, L+
FELR WS N BRI TR R R PR
B Fe(ITT) 1 AR A ARBL, SR A T 2B piie T2
FISCER . B, BRE T 5. BIRA S Fa keI
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BRI J5 5 70 Rk o
FEEE I A] 10 min, A TIE 150 WL 2ok FH &
B ek 8 7 BEREE R 64 KIS NI TA] 1 hy 385
50 ‘C. HEPEEE 300 r/min FIHEMMEH R, BB T
ZFREFIL 99.01%, HAR. B R ZALS 50 0.68%
0.62%. K 12 Fros BIRPTIE 0 FeC,042H,0 »

 BERET, R TR

X * — FeC,0,-2H,0
* * %
* *
N * o ok,
10 30 50 70 90
26/(°)

Bl 12 R R PR 1) XRD i

Fig. 12 XRD pattern of iron removal residue

1) PAFLRR/KEBOE R, ]S s ik Bk
B PR BN SOE BRI s B TR R
WER BRI 59, BT AR R AR A L, B
WrugtEH .

2) BHERRAFEIRN, 85 BE R R D
m%\%%Fﬁﬁﬁﬁm¢o$%WE%§%ﬁﬁ%

IR N . AR ERIRIE 110 g/L I, . HI1R
ﬁf\ ik 98.89%. 94.19%, TMEE. i, fEMIR
HIIE 1%L R

3) R R T, . BINR R 5,
7E 30 min AlIA B EORAE: BRI LLIEG N, 5. B
RGN, AR RS pE T Re s 2 A e WA
X BRI AN, (ERE 40 CIF, 8K
iR IR B, DRI i, B B
H R RN

4) MK BT IN T EB BE I 2, (R B
W SRR N . R, B BRI
2 R B B ATL 99.32%. 98.86%, MMt #FFk:
32 R 0.815%. 0.842% A1 0.430%.

5) RHI P A4l B BRIk S iR ik, WA R 5

M R I, BN RIL 99.01%, MK #4140
R ZAHIALE 0.68% 0.62%.
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Oxalic acid 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

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

Abstract: The oxalic acid leaching of the zinc powder replacement residue containing gallium and germanium was
carried out. The effects of oxalic acid concentration, leaching time, liquid-to-solid (L/S) ratio, leaching temperature, and
hydrogen peroxide concentration on the leaching of gallium and germanium, together with the filterability of the leaching
residues were investigated. The effective mechanisms of improving the leaching through adding hydrogen peroxide in
oxalic acid leaching system were found out. The results show that using oxalic acid and hydrogen peroxide as leachant
can effectively promote the leaching of Ga and Ge. Moreover, the filterability of leaching residues also can be obviously
improved in the oxalic acid leaching system. These could be attributed to the fact that hydrogen peroxide oxidize
clemental gallium and germanium, as well as their sulfides, while the oxalic acid promotes the formation of gallium and
germanium complex, and oxalic acid has negligible effects on silica, thus the leaching of gallium and germanium and the
filterability of the leaching residues were improved. The optimal leaching conditions are as follows: oxalic acid
concentration of 110 g/L, hydrogen peroxide concentration of 0.12 mol/L, L/S ratio of 8, temperature of 40 °C, stirring
rate of 300 r/min, and leaching time of 30 min. Under the optimal conditions, 99.32% of Ga and 98.86% of Ge were
leached out, while the leaching of Zn, Cu and Si were 0.815%, 0.842% and 0.430%, respectively. Moreover, the filtration
rate of the leaching slurry increases from 0.48 mL/min in atmospheric pressure acid leaching system to 100 mL/min.
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