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Table 1  Analysis result of gallium concentrate (mass
fraction, %)
Ga Al K Na Fe \Y%

0.11 11.95 3.67 6.92 4.78 0.02

+ — 2A1,0,480;-8H,0
* — KAL(SO,),(OH);

*%

*t
*

10 20 30 40 50 60 70 80
20/(°)
B 1 KR XRD i

Fig.1 XRD pattern of gallium concentrate

12 FHFERE

SR T A R & S B T OIS T
X SYEATHOCIEAG, A, IERAKBERESS, B
PEOL, dRBhA, BACHOE, ERARSE.

1.3 EWHE

BR RIS EE L ZRENE 2 PR, R85y
NERETIRE . B0, Bs b e il 4 A1
F¥, BARMISEEG T WTR

1) RS AR EESREY 5 — BN KET
BA, SRJE I NaOH 7EAN A M & P2, #
KR EIRAUEIE, /iR R R, B PLR
B TIREE .

2) BT . WM E 40 g/L
NaOH V5L 24 h, K350 5 R IR 2 N B8 150 fe
(800 mmX 10 mm)H, R I 3l 4 6 1% H i A
6.5 BV/h [T bk B 1 A0 4 AT i odh AT IR it S . A
W AR, & 5 BV YR — IR B S W3R4T 1
T, HEMIFESE, F1EHk. BEE, 40 g/L
() NaOH ¥ 1 BV, UL 2.5 BV/h 75k, &
J&, KH 20 g/L () HoSO4 I TRAE ARG, AR
A2 BV/h, fEWCRIATN 7 BV, € SIS MRIRIR
BT R b e AR 1 BV #2315
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3) . H NaOH EfENTHR Y pH HAIZE
12, FIIAN—ERER CaO, 7 50 CHIZM: THiH:
S8 30min Ji5 RSB, AT LI ERR BUR

4) BU316L AN HLMR 2 Fr, H Uk 800 5 1 1200
S HIFTEE, TN S%RIRIZIE 10 min, S
FEIET R A ARSI . B3R T, BN
0.25 L (AR, HAk(AIEE 6 cm, BN B HIRE
1T B
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Fig. 2 Flowsheet of extraction of gallium from gallium

concentrate
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2.1 BT HRY
211 WIGEHEE IR SR B 52 R

B 200 g HAEH B TReptd, fEMRFE L 5. 30 C
A THEEZH 2 h, BEAFEYILE NaOH ¥R Xt
B HBCRIIE, SRI 25 R W 3 fs. Kl 3 arAl,
W& W)UE NaOH WRFEIFHE, #5 SANLIIR 3l
g =, 44 NaOH KRN 75 ¢/L i, 65.31%,
76.90%711 84.37%; 4414k NaOH #4150 g/L B,
By BHR R BRI R SR 97.07%. 99.08%A
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93.76%, REEERTFWILAINEE, . BAIPLIIR HEA
i E . BeAh, 3 A, IR R 2 4G NaOH
WEE SIS, 244146 NaOH ¥R 1 75 39 in %] 200
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Fig.3 Effect of NaOH concentration on leaching rate
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Fig. 4 Effect of temperature on leaching rate

2.1.3  JRIE HEXHR H R

HU5 2H 200 g HIBAEH 70 B TR, &0
A 150 g NaOH, F7rallnA 600, 800, 1000, 1200
M1 1400 mL 2585 FK, 16 30 CHM4 FiEHZH 2 h,
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Bk B S mTn, i g R R A K.
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Fig. 5 Effect of liquid-solid ratio on leaching rate

2.2 HRIRFM SRR
BBRGHER HIEE N 30 °C. NaOH ¥REE A 150
g/L. WRIELE 3 26 FHERERH 2 b, B4 B %
FESTHT, IR MR R INZR 2 Fis. WK 2 ATA, 2
WA PRRIER IR BE 20 il 9 38.51 g/L 12.09 g/L Al
360 mg/L, EFAEDEMER. PLERT . YR
B LRGN, R R 5 W AR 2 e A R &5 B 1)
NaAlO, i H HLAFHRERPY, HIR 2375 % NaAlO, AT,
mHAM 1 kg B E 2~3 t K. KA EBIEEENK
ISP REEE, B LR ATATI, HEBRUEERKR
(1SS P S S e St/ el (D D RPN S

F2 BRUBPZITRIER
Table 2  Analysis results of leaching solution (g/L)

Ga Al K Fe A\

0.36 38.51 12.09 0.022 0.065
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IR, b B A ek B AR, U e,
ST FEREEAR 2, w2 R oAk AR

Bl 6 i Aia i BRI AL 1) 3 4 R R S 56 45
o HE 6 AL, MR E/NT 10 BV I, W
JE WAL RIR BB, 43 86.51 Al 14.35
mg/L. HiHEEREHIE 30 BV I, WAL MAT, W
Je BRI EILIR BE 43 31 345.71 mg/L AT 59.62 mg/L.
BRI B 2 38.23%, JRAAH A 360 mg /L, K
SR O, 2109 302.57 mg: BRI R Ty 43.11%,
BLI SRR O, A 61.60 mg. HIILA %1, Purolite
D5240 4 i S R 0 LRI B 28 243 A 4.81 1
1.02 g/L, EABLFHHR MR, {2 Purolite D5240 tH
F7AE BRI R B g ] >

IR TR 2 ik 5, SR A 20 g/L 1) H,SO4
WHOHATEN AW, R R W 7 Frc. B 7]
K0, AN 1.5 BV B, RV R AR RN IR
LB AR, 43919 2105.48 1 234.04 mg/L. 4R
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Fig. 6 Absorption curves of gallium and vanadium
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Fig .7 Elution curves of gallium and vanadium

WEKT 2 BV B, BAPLAIRERGE T . 4
WH 6 BV I, HAPKIRE 08 95.77 Al 23.4
mg/L. TEEA RS, BN B AR 355 1
84.9%F1 51.3%. HHULAT%N, Purolite D5240 H AEXTEX
HA BT R A RE, RE A RO E S
2g/L UL,

23 AR

H TS SPLERER, 28 E5dEH, H
WHIMEZENEENR. G AR, BEWTH
PETF LT AR, & RERMEN OH WER
JETE s 3 AR & B R IR I, PR . i
WL Tl R kSR, g, ARk EK R
BT TR KRR, A5 SRR A R .
2 pH A 11~12.6 B, BUKELL Cas(VO,), M Rytie .
TR pH EZE 12, HEAF Ca® IINEXTH
DUUERCRI s, H25 Rk 8 from. HIE 8 mlAl,
Y Ca®" NN 1 mmol/L i, P HIIIE. & Ca™'
IR, BUGIKE RS 24 Ca® iRInEHN 20
mmol/L i, HIKEMZE 1.45 mg/L, XTE BB
Z:j([29]c
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Fig. 8 Precipitation effect of vanadium at different Ca®"

additive amounts

24 HHEFMA

B EESRE, WRPHEKREEE 1~2
g/L, i /2 FERDURR L 2 i v PR B PR R, s
TR I AR R R P

H,Gaj +H,0+3¢=Ga+40H" @)

0 0.25 L ¥4k 5 b7 R A SRt MR E N
0.25 A/em’. 42 ‘C. NaOH ¥#KJZ R 100 g/L i, Kk
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b5 IR kR B I TR AR A DR R A 9 BraR. eI 9 W]
B, BB I RORE K, AR R S R AT . 6
IG, EHRAEEN 2T S G RICES . Xnhe
W TEERYI, SESASIENBWAN I
B, B AR R AR, AR BB DUR T
PEOLSEIN, (23 TR BZ R, IR AR T A
2k 2 JE K FERRIT T, E T RS R R A A T B AL
R ZEWAL IR R, TEUR NI E, BRI
HpEZ AP,

AN NaOH < FE 26 A4 N 3R-A53 1 B AR ™ W0 T 35 1)
10 fizs. HiE 10 w50, BEE AR NaOH ik FE Y
Fher, B = iz B R 156, 24 NaOH WK
9200 g/L B, BARGZ SR AL IR 99.94%, WFk 3
Fi o

Ga concentration/(g-L™")
Current efficiency/%

Time/h
B9 BXIR AN H I R B F AR ] ) 84k

Fig. 9 Variation of gallium concentration and current efficiency
with time of electrodeposition

1 R R
B 10 A[A NaOH KRB R BIRR H 51
Fig. 10 Morphologies of electrowinning gallium at different NaOH concentrations: (a) p(NaOH)=25 g/L; (b) p(NaOH)=75 g/L;
(c) p(NaOH)=150 g/L; (d) p(NaOH)=200 g/L

®3 PRGN Z TR IS

Table 3  Analysis results of electrodeposited gallium (mass fraction, %)

Ga Al K Na Bi Cr Pb Si Ca Cu Fe
99.94 0.0014 0.0023 0.060 0.0005 0.0005 0.025 0.0004 0.0014  0.011 0.0061
Mn Ni Zn Rb Sn Co Mo In Mo -

0.0001 0.0002 0.010 0.0009 0.0002 <<0.0001 <<0.0001 <<0.0001 <<0.0001 -
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1) BREF S EN 0.11%, NaOH WK XK
BEHEAAFRENEW, HEERE LM
NaOH K& 250 g/L, =R 30 C, WL 3:1, &7
N TA] 2 h, SRR AT T B HIR 1395 98.46%.

2) Purolite D5240 B J5WK i W] A 24 & 4L 55, (H A7
TEGFLIR PR ISR, AR B IR FBE |h 11 0.36 g/L
R 2.1 g/L, PLESTFIRELEL 0.23 g/L. KA ER
AT OB SRR R AL, SRR Ca A
79 0.02 mol/L B, A FEFFZ 1.45 mg/L.

3) B HRIE AR P LA R B SR B K RN
s, RN AN 2 h B, HRCRIABIEAE 4.3%:;
bt AR NaOH W T, BIARER 50 e A
R PRLAR 2 NaOH S8 200 /L B, B
THSFH G, BT B ™ SR 4l 99.94% .
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Extraction process of gallium from gallium concentrate

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

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

Abstract: A gallium concentrate with more than 0.1% Ga can be obtained by “roasting-sulfuric acid leaching-and
precipitation” process from alunite concentrate. In order to realize the high value utilization of gallium concentrate, the
technology of recovering metal gallium by “alkali leaching-ion exchange-solution purification-electrowinning” was
proposed, and the optimum technological conditions were studied. Under the optimum conditions, the leaching rate of Ga
in gallium concentrates reaches 98.46%. The ion exchange experiment shows that the D5240 resin can effectively enrich
Ga, but the impurity vanadium is also enriched. The desorption solution contains gallium 2.1 g/L and vanadium 0.23 g/L.
Vanadium can be removed by the calcium salt method under the condition of pH=12. When the Ca”" additive amount is
0.02 mol/L, the vanadium concentration is reduced to 1.45 mg/L. The current efficiency in gallium electrodeposits
increases firstly and then decreases. When the electrodeposition time is 2 h, the current efficiency reaches 4.3% of the
peak value. With the increase of NaOH concentration in the electrodeposition electrolyte, the cathode surface is from
coarse to smooth. Finally, the purity of 99.94% metallic gallium is obtained.

Key words: gallium concentrate; alkaline leaching; ion exchange; calcium salt precipitation; gallium electrowinning
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