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Table 1 Multielement analysis results of alunite concentrate

(mass fraction, %)

Ga" SO; ALO; K,O S* s?

542 27.02 30.72 7.16 1.03 0.01

sé* TS SiO, Fe,0;  Na,O TiO,

10.68 11.72 19.58 0.89 0.42 0.09

Cu Pb MgO Zn As
0.051 0.012 0.005 0.004 0.005
1) g/t
. * — KAI;(SO,),(OH);
+— SiO,

10 20 30 40 50 60 70 80
20/(%)

B 1 BHULAERT I XRD #%

Fig. 1 XRD pattern of alunite concentrate
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Fig. 2 Flowsheet of comprehensive utilization of alunite concentrate
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Fig. 3 XRD patterns of alunite concentrate after roasting at

different temperatures
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Fig. 4 Leaching effect of alunite concentrate at different
roasting temperatures
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Fig. 5 Leaching effects of roasted product at different initial
sulfuric acid concentrations
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Table 2 Multielement analysis results of first-stage leaching

residue (mass fraction, %)

Ga" SO, ALO; K,0 TS  Si0, TiO,
169.5 1473 22.08 419 627 4352 023
Fe,0; Pb MgO Zn As Cu Na,O
3.04 0.27  0.006 0.004 0.005 0.074 0.12

1) gt

R 2 ATA, R HEVEH Ga & HEVIN 51.2 g/it 325
% 169.5 g/t.
2.1.3 Bz Ga
B—BRHEE T 70 CHAEPH T EER,
200 g —BUR BB Thedt, 78 L/S=6, Ml
80 C, FIMFAIG 2 h ISR, FBERYIMEIERIK
X BOR R, SEIG ARk 6 Bk, K 6 W]
H, BEEVIARRIKER TS, Al K. Ga IR H R
GBI UWILRIRERIR LA 80 g/L 1, Al Ga #1 K
(IR R RN 65.67% 86.17%A11 94.54%, 7K
MABINR 3 Fian. B3R 3 arA, BT Ga
()& &N 25.6 mg/L.

100

90} Y//ﬂ***y’/ﬁ‘Nﬂ

Leaching rate/%
-
S

60
a—K
50+ 2a— Al
°o— Ga
40 1 I I I I
50 60 70 80 90

Sulfuric acid/(g-L™)
Bl 6 AFEWIIARRERT I X — Bk i — BoR th AR
Fig. 6 Effect of initial sulfuric acid concentration on second
stage leaching of first stage leaching residue
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Table 3 Analysis results of second-stage leaching lixivium
(gD

GaV Al K Fe Cu SO/ Sio,
25.6 189 404 068 877 1087 0.1
1) mg/L

22 RHKE. FHIEL

BRI ERRBRIR E N 70 g/L, 6=80 'C. L/S=6 %
HERIRFER H 2 h, B HEE T 25 CHEM T4 24 h,
ghdhJE g i PR AN R IRIR 2 70 g/L, (EMNR -

gEERE, BRGNS EEER Ga¥t. AP, KT
RIS, HE R 7 Fior.

B 7 AT, BEE IS BN, 4 R
W AP RREAWTT 5, KIIREAREIFEIL, Ga™'
MR EEREARANAS . MEHIRECH 1 RIS, 25 B
AP IR EE RN 27.7 g/L, KRB N 3.93 g/L; H7EHA
UHCR 5 R, SE BRI AP TIIREE N 65.4 g/L,
K IREE N 0.44 g/L. B 8 Fian A4E 579 XRD 44T
g, i 8 AN, AEGE Y EN KAI(SO,)y
12H,0. TR MHH AP & &z kT K, SEIEHR
gE TR AP AR E &
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Fig. 7 Effect of cycle number on composition of crystallization
mother liquor
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Fig. 8 XRD patterns of crystallization products at different
cycles
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Table 4 Multiclement analysis results of crystallization
product (mass fraction, %)
KAI(SOy), 12H,0 As Pb Fe
99.65 <0.01 <0.01 <0.02
Sio, ALO; K Fe Na
0.28 15.95 0.28 0.035 0.13

99.65%, 44 HG/T 2565-2007 FrAEEsR, BREREEF=
i ALO; & & 15.95%, #F& HG/T 2225-2001 —25 5%

23 RERET GaMESE

B2 R 1 L, i in AASE S &1 NaOH
W5 pH AR, 7E 80 CHIZAF FHIHERN 2 h, LIRSS
FnE 9 fros.

o— Ga
o— Al
100+ b _30:\
o\o o— Ga »IJ
o 80F &n
= &
& 6o} liEEis
[=] =
: o
s 110 £
2 o
r [+
O]
0- L 1 L “0
1.6 2.0 2.4 2.8

pH
B9 AR pH EFM T & ILHEIVET N

Fig. 9 Sediment behavior of elements at different pH values

9 n%1, MR H pH EH 1.73 FHE % 2.56
W, Ga UTIERH 3.91%TFm £ 98.44%, R HEH Ga
SEH 24.6 mg/L KA 04 mg/L, Al. K JIERE
10%~20% 2 (B3 5h; 4 pH E4kLEF =2 2.76 B, Ga
DIERATRE, H Al K MUGERS T EE
38.94%F1 64.6%. K, 24 pH A 2.5~2.6 if, W LLsK
M Ga5 AlL K B85 . 4 pH E N 2.53 B, 3T
eV Z TC R i Rk 5 Fior

5 AR, JUEYIF Ga & &EEiL 4100 g/it, 5K
BT GalE 4N TR Ga fETTIEY IR AR,

®"S VUEMZ TR IITER
Table 5
fraction, %)
Ga" ALO;  K,O NaO Fe,O;  SO;
4100 28.23 7.05 1.64 1.08 33.25

1) g/t

Analysis result of sediment product (mass

XPUTTEY) B FRE e =i AT XRD 43, 453w 10
fim. BB 10 w51, M XRD ¥ LA TE T
Ga MM, XAWEEHT Ga MEERMK, WA
Aes Ga LIRS BT AR AE Ut FUTIEMIAE 600 C
MR RERE 2 h, IR YEET T XRD 04T HE
10 "I, KEREr=#I Ga LA KGa(SO,) IRSAFE, HlRE
72 KAI(SO,), 1 Ga BUC Al 5. B 11 Fis NTTTEY
(1) SEM &, HHEEIE A TEE AT A, Ga EE 25 H
SIAAEDTEI T, FEEE & T EE MR e WA .

s — 2A1,0,-480,-8H,0
* % —KAL(SO,),(OH),

* — KAI(SO,),

v — KGa(S0,),

0 20 20 60 80
20/(°%)
10 KERERTSUTEY XRD %
Fig. 10 XRD patterns of sediment before(a) and after(b)
calcination

K
Gal
L Fere (ia Ga . .
2.3 6.3 10.3 14.3 18.3
E/keV

B 11 yiiE?it SEM %A1 EDS i
Fig. 11 SEM image(a) and EDS spectrum(b) of gallium-rich
product
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1) RHARGE-RIZ T 20 =302 B AU RS
WA 4. Kb B 550 CH, AR S,
Al Ga. K iR HZRIIEH] 70%LL F.

2) B PEHE HERR VIIRTR B, W] SEILRE R
Al K Al Ga MBSk BMERH . TEVIRTRIRIKE N
70g/L, L/S=6, 6=80 ‘C, =2 h [&tE T —BUR
H, Al. K R HZ5 5008 80.31%F1 87.49%, Ga Jl,
AR AEWIARBRERIK L 80 g/L, L/S=6, 6=80 C,
=2 h A AT ZBORH, AL Ga fTK (iR %
I3 HIN 65.67%. 86.17%F1 94.54% .

3) RFAEHR KA 45 -2 R 45 T2 LA
SCHUHAL. BRERES /B . PADLA RS 7= S A4l B A
99.65%, TF&famER, WMRE M ALO; & &
15.95%, 754 HG/T 2225-2001 —%& fHER,

4) KA AE TSI BOR R Ga = E
£, 2% pH N 2.5~2.6 I, Ga JTIEFIE 98%LL L,
VOEY T Ga &L 4100 g/te TUEWHY Ga FTRELL
e ALY AT
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Stair leaching and comprehensive recovery process of
gallium-bearing alunite concentrate

ZHU Mao-lan', ZHONG Shui-ping?, HUANG Zhong-sheng®, CHEN Hang?, CHEN Xi', HU Zhi-biao'

(1. School of Chemistry and Materials, Longyan University, Longyan 364012, China;
2. College of Zijin Mining, Fuzhou University, Fuzhou 350108, China;
3. School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: An alunite concentrate is obtained by flotation of copper mine tailings, which is rich in Al, K and Ga and other
valuable metals. In order to utilize alunite concentrate comprehensively, firstly a “calcination—cascade leaching” process
was proposed to selective leaching of Al, K and Ga. Then, the combination of cooling crystallization and evaporative
crystallization processes were adopted to extract alum and aluminum sulfate. Finally, the gallium was enriched by
neutralization method. After roasting and one-stage acid leaching, the leaching rates of Al and K after calcining alum
stone concentrate are 80.31% and 87.49%, respectively, and gallium can hardly been leached out. At the second-stage
acid leaching process, the leaching rates of Al, Ga and K are 65.67%, 86.17% and 94.54%, respectively. After cooling
crystallization and evaporative crystallization, a food-grade alum with purity of 99.65% and a firsts aluminum sulfate
with Al,Os content of 15.95% are sequently obtained from one-stage livixium. Ga concentrate with content of 1500 g/t is
obtained by controlling the pH value of 2.5-2.6 at second-stage lixivium with NaOH, and the precipitation rate of Ga is
98%. XRD analysis results show that the occurrence state of Ga in the sediment after calcination is KGa(SQOy),.
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