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TR FREAL B 2, ARIEIR AN E, Tl 43
ATRERIR . RIR-ERIRIE . INERRE H .
SBOR . ERRALAIZ U, FER AR SRR RIR
H T2 B e UL Ga fl Ge B, Ge (1172 H %
10 60% 7241, HEERR IR WM r4E, 5
M Ge R B, AT HERE D Sixf Ga. Gel
BRI, HARBUCK! "2 F 4k [ 4013143
Sl SR FH B 2 5 SRR (1 TR & W12 HH Ga Fl Ge, 1%
J5 5] DUA R IR T Ga Bl Ge (IR HE 2R 2 98% LA
F, HEE PR MR &GRS ER R, H
BRI 2 AR AR R A T I A N
XIAT AR S5 SR F v s IR 1 7 Tk Ak B A B v
0 S VS o By 92 R A TR A A TR 4T oK (R i3F Ga T Ge
PR M, i Ga. Ge IR H 2 73 Jjll ik 2] 98%
94% DL b, [FI e 7R H A pE I e (R
SIS RN UL R W IR A5 & g iR Bk RAE N
H,SO,-HNO, & & & &, H Na' & ZH 4T % ib
o GRIMAENSIR 4 BRI 7 SR BUEE Ry B e
B Gafl Ge, AR . ZhERFI S A AN IR
A7), Ga Ml Ge IR H R A #£3E 100%, Hiz L
MR T I . XA IR B R S XU K
NI R SR N EE B A O BRI Ga il Ge,s
fif Ga 1 Ge 1) Z 73 7118 5 99%. 98% LL I
BART DAL 2, (H IR H R DL AR
A 7R AR

gx LRk, BAA MR E s R Ga M Ge 1)
WS T —EMEE, ARZAER BRI, K
A R A RGN F R SRS B,
ARICHR TR A R R R S IR AR S
(7 R AL B B i, BOR Hod i I — e R
(IR £ B i Zn, Cd. Fe. Nifll Ga iz
W, R EERCRA K. AR AL,
AR R S R T A B A R, AR
Ge [ BE,  MTTE— P4 5 Cu il Ge (IR %6 X
TP T LT, B8R TR SR
WIE LG OB A2 26 % Cus Cds Fes Niv Zn.
Ga. Ge 52 R mBE,; SUbFEE, it
= Ge AT STBEAT AL ZEAH 0 4, R IRIRIR
HEFEH Ge A1 Si A HIHLEE

1 X

1.1 ZIER

eI P B AT BB, 4 E 100%
i 150 H(FL4% 106 um) A5 5 o /F ik ie Rk, i@
ok R B 55 S - R SOGIEE(CP-AES) 43
AT B S 1 2 A 2 B A 1 DL RV BV E T
SiESE, SRR, HRIH, SEHR
B EHEL5H Cus Zn, Siv Cd. FeMIPb&ELER, H
1 Gay Ge & &3904 0.56% F11.13%.

T B E A B
Table 1

residue (mass fraction, %)

Main chemical composition of zinc refinery

Cu Zn Fe Cd Ni
11.51 18.15 2.80 443 0.16
Ga Ge Si Pb
0.56 1.13 13.36 2.68

F X S ERATH A o3 M B e i () - EEAE,
B~ . BB AT A, B E i 3 2 Sio,.
PbSO,. ZnFe,0, Hl Zn,Cu,(SO,),(OH)(H,0), 4 i ,
HA IR AT Be R BN R IR T R A AR DN
FERbGIN, FEE 1 H IR 3 Ga Bl Ge FIFFAERT
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Fig. 1 XRD pattern of zinc refinery residue
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i IR TR N EREREE, I EZAR B E
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BREg e, kL1, 6. 7 FEH Cu. Zn. Cd4
B, HAFAERRSr Gay Ge, NONEFRN KR H
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Fig.2 SEM image of zinc refinery residue

1.2 XWHE
D HEHEEH

B8 R E(7.5~30 @) e B s, R
552 PR ] B (5~20 mL/g) TN B4 %034 FEE 1) 1 1R
W KRG B T EERAKB RTINS, R,
PP E N 200 r/mins  FHE A SRIRIR B, ORI AT
SE INFA](0.5~4 h) e Bt s ) FH 2 il i 2 S gk A7 il
TE, IR IR S IR OE 2 2 500 mL A E R
R G URE il IR TR EMEUR &, FHIE

R2 HEBEEDS e R

Table 2 EDS analysis results of zinc refinery residue

AT
2 EHERN

FREUH 12 20 ¢ TR, % B8 Tle il
i Lt 7.5 mL/g I\ 0.25 mol/L M IR, RE &
150 mL J5, #MmEs, JFafisE, BN
380 r/min; FHE RS E, @NASHIHIT
I, ORI 2 TUE I RS A5 bk RRR R 2R =R
W, FTFEES, BUHIFEIE, B TS
1= R AE 2 5 B B BT

1.3 #hE%E

A HEGE R X U 26 AT 5 A (Bruker D8
Advance) 7 HT 1 EE B #E F1R HVE ) 5 AR ZH
B ; i@ i SEM-EDS(FEI Quanta 650; Bruker
Quantax) X FF i (1) 2 10 T2 30 AL 22 5oy EAT T 00
Bre SRH T RS & S TR R R A (ICP-
AES, Spectro Arcos)#ll i Cu. Zn. Cd. Fe. Ni,
GafllGe L Pb & LR I & & o

AHF 72 Rl HNO,-H,PO, UL % HNO,-H,PO,-
HF (17735 53 s v B T 14 48 DA S B0 SR A 3
VIR T TR — i R 12 5 V8 AR v R R 2E S5 0 9 S10, 70
0 ¥ 5 s PR AT b Si; SR RV EE N S
B SRS RP.

FrE A S-B R TR KR R AT

Vxp
T Myxw

At a NERINR R, %; MONYIRHT b &,
g wAYIBRTE—-EEEE, % VNRIRE
B, L p MIRHRIKEE, g/Lo

x 100%

Spot No. ‘ Mass fraction/%
Si S Fe Cu Zn Ga Ge Cd Pb
1 28.89 2.62 4.72 0.88 10.38 34.64 1.15 1.99 3.65
2 21.79 9.29 1.03 4.42 5.93 1.64 51.46
3 30.13 0.87 3.87 39.83 0.93 20.29 1.09 1.47 1.15
4 33.09 3.01 4.10 42.45 091 9.34 0.42 1.70 1.96
5 33.58 2.77 4.96 40.15 1.81 9.37 0.25 1.63 1.84
6 33.32 7.81 6.22 1.52 18.02 17.95 0.95 0.48 4.77
7 33.24 3.59 8.18 1.89 12.69 24.11 0.71 0.72 4.99
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H XRD 4 M7 T 41, B4 oh ) Feu Cu il Zn s0r
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WAL, Wik, SRbm s R g ——Ge
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ZnFe,0,+4H,SO,—~ZnSO,+Fe,(S0,),+4H,0 3)
ZnyCuy(SO,),(OH)4(H,0),+3H,S0,~
3ZnS0O,+2CuSO,+10H,0 4)

2.1 BEREFMHXE
2,11 BRERH L 520

FERE 80 °C M [A] 3 hy WA KN 7.5
mL/g 1 %8~ , % S0 B8 Wk FE XF Cu. Zn. Fe.
Cd. Ni. GafllGe R HZM5EM, 45 R aE 3 fr
o MEI3HRLLEH, ESRITHEA, BRI
AN EREITRIR B AR ERW. f£E3®)
o, R ER A 0.25 mol/L BN % 1.5 mol/L i,
GaiZ H M 14.81% 1 1122 97.74%, & 238 InBi iR
W FEXT Gai2 Hh Z R M AN K i 7 T BR VAR B2 1 18
2 1 molV/LI, Gelz MM 84.58%, (HAKLHY
IRBRI R, GelR A FRMK. FRsSEIGgs %
B, Galzih e — Ry sgr:, (HammgIE &
X Ge PR AR . X 0] G2 N BRI H I 72
Siv Ge SHRER I B 2E ik H,Si0, PA & H,GeO,, 358
FHI W Si N Ge & EZ W N, H,SIO, BL A
H,GeO, & T A2 REER AN 2 Ria, WA
BT B RERR , X Ge P2 AW BHAE FH 31 Ge 32 H
R, FEEI3(0)F, MERERA M 0.25 mol/
L#EE % 1.5 mo/LK, Cu. Zn. Fe. Cd. NiHJi®
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FIRIRIC L, fERIIE Gadg R MZERE R, BRARIK
JER %P N 1.5 mol/L.
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Fig. 3  Effects of sulfuric acid concentration on leaching

rates of major metals
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WE4FR. HE4)TLVEH, B N IE EE
Fhr, Galz H 2t A4 I B B F+ i 3 0, /R iR
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£ 97.88%, M Ge ¥t 2 WA B W (A8 4k, JEAR
YEFRAE 82% iAo HHIEI4(b) T LAE H, IR
XfZn. Cd. NiffiR HZFFEWAK, 10 Fe i HFAE
BUSEIN, X B B IV AR TR AN S 1R
FE, 3180 CJ5 Feiz thIAA A, BTIE.
RRT S, $em R LR AR TR R T,
BRI, RN EREEAR 20, Kk, AR
ECdy Nifl Ga R H %, e i) S Sl B2 T ik 4%
N80 T,
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Fig. 4 Effects of reaction temperature on leaching rates of

major metals

2.1.3 VI EE ) FE R

FEBRER W 9 1.5 mol/L. SEIG IR 80 C . Jx
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WE L Ga 2 Z I EmA K, 1 Ge 2 &
O LE B T . FH B S(by AT, SRR
] b 53R G Zny Cdy NI K, 300
[ bt 4 HE IR ) Fe AT Cu A5 R L JR DA AT g 4
I e Re S 4 /N SRR RS, AR TR R
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WFERRAR, SEBRAEr= i 2 o R BRI, Atk
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Fig. 5 Effects of liquid solid ratio on leaching rates of
major metals

2.1.4 SN [R] R

FERRBR I 1.5 mol/L. SZE& IR FE 80 'C. R[]
b 7.5 mL/g 564, H 8 RLE [ %) Cu. Zn,
Fe. Cd. Ni. GaflGe iz H 2 MM, 25 Rk
6 Fraxe HIE 6(a) AT &1, 78 [ BEI[A] AL 0.5 h 1K 2]
2hif, GalRH /MR, M 94.51% 42 & 2|
97.74%, 1H Ge & tH R EEARYERFE 82% i . HIK]
6(bY Rl %, SNSRI 0.5 hif, #Bid 99% [ Zn Al
CAO&R M EEKE H I X Zn A Cd 1R H
LMK, {H Cu AN (7R H 3R B 8] 2 K iR
Wrign, FUE R ERE HI R T Zn A1 Cd % Cu
MNIE G M. Bk, il sed 2 oo ek
ENTHEER WA E AR, wtE R NI T AR A
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Fig. 6 Effects of reaction time on leaching rates of major

metals
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Table 3 Main chemical composition of leaching residue

MINiE SR, Galfiz 2R & IR E LR
FE 46, (BB IR X Ge [R9R HEARF . (R,
WL R s T2 AT WEtH 7S
mL/g, JNIREE NS0 C, KNN3 h, BEEHK
fER 1.5 mol/L. k¥ FIRSLES, fEmtE T2 44T
AT T IR LIEWBOR S5, a5 RnK 3 s .
R 3, RHEF Cd. NifllGa & 2R KE
0.1%, FKWHFEEBIRIFEF Cd. Nifl Ga CEEAE
My RHEED Cu. Zn M Fe & E#E T 1%, £
B Cu. Zn Ml Fe PR HATEA; POEEAARNEH, I
R EETEEE L.

o R VR W HEAT XRD 404, 45 S 18 7 B
o I T RATRN, B FRIR H I ) 32 ELAE D Sio, Al
PbSO,, [k} Bk R B S A A Ak & W R AE VG 2K
Xz HEHE T SEM-EDS 4341, 45 RanE 8 LAk %K 4
Fr~. S FIZR 4 AT, R HH 3 B A
(AR R A UL CBIURE 1) BUAR Si0, BURL(RITRE 2) BA K
L BT AE AR D (BRI URL(RORE 3+ 4+ S)ZH Ak
HWRL 3. 4 LUK S 1) Ge S &3 m, KRR
T PR IR UKL R T O B T 873 Ge, 330 Ge 12 tH
R,

2.2 SiFGeAREHIEDHh
R AANAE =M, Si EZELUFE Sio, POl

Mass fraction/%
Test No.
Cu Zn Fe Cd Ni Ga Ge Si Pb
1 2.51 1.06 1.02 0.12 0.01 0.05 0.77 36.54 15.59
2 2.29 1.02 1.16 0.10 0.01 0.04 0.75 36.74 15.98
3 2.92 1.74 1.19 0.14 0.02 0.06 0.80 34.14 14.50
Average 2.57 1.27 1.12 0.12 0.01 0.05 0.77 35.81 15.36
x4 RHBEREDS s R
Table 4 EDS analysis results of leaching residue
Spot No. . Mass fraction/%
Si S Fe Zn Ga Ge Pb As Sn
1 14.38 5.47 80.15
2 53.26 46.74
3 42.29 22.21 2.84 0.38 0.01 1.81 0.46 8.67 9.13
4 35.04 8.31 2.11 0.74 0.42 0.98 3.06 18.28 16.08
5 33.97 7.8 2.42 0.5 1.02 1.02 1.47 15.56 18.91
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Fig. 7 XRD pattern of leaching residue

8 RN SEM &
Fig. 8 SEM image of leaching residue
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o261 R IR VA T Ge MISi & &L 12 Ge
ST A =TS AT 438, S5 SR W 9~11 Frow
HER A, REHERT GemBEKSITER, H
Si fl Ge B & & B — BN LS A RRIK
FERIRE N, SiFl Ge (M) & & JaTt w G PG BEE
] LG N, AR R o Si I Ge S B PEAG . HIIA
10 A0 11 v, JEH RIZH, BB SiZEA D
ANEVETE RS SI0, TR A, R FE(RESD
EOBNET 1%. BN E AR T Ge IR H, &
RV TE Ge FITT A Ge IS B FEAK;  BINERE
Ja, WRPAENEGe & —EIEM, RWUREK
Al H,Si0, M1 H,GeO, 3 5 K & T i £ R hkE R
M e, MTInE 75 Ge Rkt AFIF Ge
(132
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Fig. 9 Influences of sulfuric acid concentration (a) and liquid solid ratio (b) on leaching of Ge and Si from leaching solution
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Fig. 10 Dissolution diagrams of Ge (a) and Si (b)under different liquid solid ratios
1.4
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Fig. 11 Dissolution diagrams of Ge (a) and Si (b) under different sulfuric acid concentrations

SiO, fRF fPY, $RHCR AR R H I T 35
B, DRI Ge M Cu IR HIR . ik, &
BH R AR B R UK 28 0.25 mol/L. K [ Lk
7.5mL/g. ##JE 135 °C. %K 0.6 MPa. (A 3
h A NEHT 7 ZBRRIR e, 4Rk s
FiR. HIFRSATSN, Cu. Zn. Fefll Ge fE5KIR H
B E RS, B H899.87%. 99.87%-
96.99% £l 91.66%; Pb Al Si 7€ & v 15 3 i3t — 5
B,

XA IR HE HEAT XRD 404, 45 R A& 12 fr
Ne HIE 12051, AEFHENEZWHIN
SiO, f1PbSO,; Wiz 4T SEM 73 b, 4551
mE 3 . 58 EEHELE ML, JEkAH
ELARAT AT IRAE — JES PR JR R 3% A D /N 1) O i 7Y
S10, UKL o X AN [FRSURL RS 23 HEAT EDS 738, &5 R 4
FK6HTR~. HEOTH, —BEIEIRHE D A

B SE I HUIR PoSO, BURLCRIURE 1) hL B2 R B Btk
Si0, FUKL (CRIURL 2) LR A2 85 /1N ) 224K T8 7€ 2 S0,
ORI (BURL 3. 4. S)ULR. L3k Sio, ik 55
Hores,  HYOR Si0, ki 44 & B .
RS RURR R E A R KR R

Table 5 Main chemical composition and leaching rate of

oxygen pressure leaching residue

Element Mass fraction/% Leaching rate/%

Cu 0.114 99.87
Zn 0.177 99.87
Fe 0.625 96.99
Cd 0.038 99.89
Ni 0.041 96.40
Ga 0.010 99.76
Ge 0.463 91.66
Pb 16.114 -

Si 40.565 -
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Fig. 12 XRD pattern of oxygen pressure leaching residue

.
El13 SRR HER SEM &
Fig. 13 SEM image of oxygen pressure leaching residue

6 LR LR EDS 745 R

Table 6 EDS analysis results of oxygen pressure leaching

residue
Spot Mass fraction/%
No. (0] Si S Fe Ge Pb
1 19.86 0.8 9 69.37
2 51.55 3998 1.7 02 2.02
3 40.83 22.81 209 0.85 095 1.29
4 40.35 2279 228 0.89 1.07 348
5 39.12 2195 187 0.8 1.04 3.73
4 5P

1) A BB T 20 W45 8, AR TR
HRH — BUH - BRI 7 R0 A E
#H ) Cu. Zn. Cd. Fe. Ni. GaflGe, SZHLE
I FIR LRI -

2) W R AR, EERIKE 1.5 mol/L.
JAFE 80 °C . VAl H 7.5 mL/g. ¥ HANHIA] 3 h ) 41
N, Cu. Zn. Cd. Fe. Ni. Ga#ll Ge f{1i% i %
Ao Ik 97.48%.  99.43%.  99.82%. 97.21%-
98.97%- 97.74% F182.46%.

3) ZEEAER B SR, EmERIKE0.25
mol/L. %% 0.6 MPa P56 F T, CufllGe iR H
43 A3k %1 99.87% F191.66%

4) R RRIR SRR R PR AR R R B Ge, T
M Ge R HEREAK: @I & %0R ARG 0Lk
5, MIFeT Ge R 2, (HIn &R HidH
V94 5 Ge A2 1E T HOIR Sio, fki v, MELLZ H
ik Ge [T 5%
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Gallium and germanium leaching from zinc refinery residues
through combing atmospheric leaching with
oxygen pressure leaching

LUO Jin-hua"*? RAO Shuai*** JI Kai', CAO Hong-yang*** LIU Zhi-qiang>**,
WANG Dong-xing®**, YUAN Xiang-yi*** DUAN Li-juan®**

(1. School of Metallurgy and Materials Engineering, Jiangsu University of Science and Technology,
Zhenjiang 215600, China;
2. Institute of Resources Utilization and Rare Earth Development, Guangdong Academy of Sciences,
Guangzhou 510650, China;
3. Guangdong Province Key Laboratory of Rare Earth Development and Application, Guangzhou 510650, China;
4. State Key Laboratory of Separation and Comprehensive Utilization of Rare Metals, Guangzhou 510650, China)

Abstract: In this study, a novel leaching method combined with atmospheric leaching with oxygen pressure
leaching was proposed to extract valuable metals from zinc refinery residues owing to high contents of valuable
metals and complex phases compositions. XRD and SEM-EDS analyses were used to detect the transformation of
phase and morphology. The results show that, during the atmospheric leaching, the leaching rates of Cu, Zn, Cd,
Fe, Ni, Ga and Ge are 97.48%, 99.43%, 99.82%, 97.21%, 98.97%, 97.74% and 82.46%, respectively, under
conditions with H,SO, solution of 1.5 mol/L, liquid solid ratio of 7.5 mL/g, temperature of 80 °C and leaching
time of 3 h. Subsequently, the leaching rates of Cu and Ge can increase to 99.87% and 91.66%, respectively, in a
0.25 mol/L H,SO, solution with an oxygen partial pressure of 0.6 MPa through the second stage pressure leaching.
The leaching residue is mainly composed of PbSO, and SiO,, whereas Cu, Zn, Fe and other phases absolutely
disappear. Moreover, these containing Si particles can be divided into polymerized silica gel particles with smaller
particle size and massive SiO, particles. These containing Si particles presents a relatively high Ge content,
resulting in a low Ge leaching rate.

Key words: zinc refinery residue; gallium; germanium; leaching ratio
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