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Extraction of gallium from high concentration sulfuric acid
leaching solution of zinc replacing slag by HBL121

ZHANG Kui-fang, CAO Zuo-ying, XIAO Lian-sheng, ZENG Li, ZHANG Gui-qing, LI Qing-gang

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

Abstract: The extraction of gallium from high sulfuric acid leach solution of zinc replacing slag by a new extractant
HBL121 was carried out based on the problems in the existing extracting process of gallium from zinc smelting slag in
hydrometallurgy, such as complex acidity adjusting step, high complexing agent cost, and serious organic phase loss. The
effects of feed acidity, extractant concentration, extraction temperature, extraction time and extraction phase ratio on the
extraction, and the effects of H,SO, concentration, stripping temperature, stripping time and stripping phase ratio on the
stripping of gallium were investigated. The isotherms of the extraction and stripping were plotted, and the conditions of
extractant transformation were researched. The results show that with 40% HBL121 (mass fraction) and 20%(volume
fraction) in sulphonated kerosene as extractant, the extraction rate of gallium from the solution with 108.67 g/L H,SO,
reaches 98.14% in four-stage counter current extraction with O/A ratio of 1:1 at 25 C for 10 min. Gallium in loaded
organic phase can be selectively stripped using 200 g/L H,SO, solution and the stripping rate reaches 99.18% in
five-stage counter current stripping with O/A ratio of 4:1 at 25 ‘C for 8 min. After gallium stripping, the iron in loaded
organic phase can be stripped using 7 mol/L HCI solution and the stripping rate of iron reaches 99.23% in three-stage
counter current stripping with O/A ratio of 1.5:1 at 25 °C for 2 min. The extractant returns to extraction circularly.
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Table 1  Chemical components of feed solution (mass

concentration, g/L)

H,SO, Ge Ga Zn Fe Cu
108.67 0.0038 0.2042 19.6425 2.088  4.2445
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Fig. 1 Effect of H,SO, concentration on extraction rates of
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Table 2 Chemical components in raffinate of row Ag

Concentration in

Element Extraction rate/%
raffinate /(gL ")
Ga 0.0038 98.14
Ge 0.0039 -2.63
Cu 4.2451 —-0.01
Fe 0.003710 99.82
Zn 19.6384 0.0208
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Fig. 13 Isotherm stripping curve of gallium

JEAHEL O/A=4:1 #iELk, bl IR A E Lk,
Bl 13 nT DU Y, O BRI 20 5 i e AL,
U IR FE AT A2 0.002 g/L, BIAR ) 26 KA 3|
99%LL I
244 BEHY GOV R AL

6 S0 BN, TG0 R R AL . SR
BUAH AL DY 2000 v A i 4 v ol 2% 1) 47 38 HLAH
(Ac~As), H S8 02004 g/L, &5 2.0843 g/L; /K
HH: 200 g/L BRERIH . AL AREE R 25 °C,
AR A 8 min, O/A=4:1, {E%5 8 HEW L BT 46
RBIREE, HRFRS W 3 Frsl.

T3 ASHERAWM S

Table 3 Components in stripping liquor of row Ag

Concentration in stripping

Element Stripping rate /%
liquor /(mg-L ™" °
Ga 795.04 99.18
Fe 1.664 0.02

M 3 A DAE L, 2 POm A, HI R
RN 99.18%, TR RZEZRALA 0.02%, 1A 200
/L (B IRA T LLE R VE I AR, il Bk R AE A HL
AH

2.5 REGRREFRFIER

AR AT (19 0B, ARSI 38 R RV VR P 1 S 2
BRI RN S A& By R A
WVERR, AT R R B SE 0 s T 7 mol/L (1)

SIRIAT A, R A s . ik, 7 mol/L
(AR RRAIN Fe e A IRAE FORSE, A MU T e ik
IR ] AL AL
251 RARBRERRZ 2

AN RAEKGA AR S &R 2.0839
g/L; /KAH: 7 mol/L IRV . NASAT: O/A=1:1,
SRAW A 2 min, [RAHEE R 25 °Co it SR A L
TRE VR IR AV AT 28, W] 14 oo 1] 14 1,
MR AFHLE O/A 4300100 1:14 2:1. 5:1 F110:1.

s s O/A=1.5:1

Iron concentration in
water phase/(g'L™")

0 0.8 1.6 24 3.2
Iron concentration in organic phase/(g-L™")

14 BRI AP A5 2

Fig. 14 Isotherm stripping curve of iron

IR A5 3, 227 McCable-Thiele ¥, 1%
JEAHLL O/A=1.5:1 MIHEAESe, Lol R AL M E A h 2,
SERIE 14, WK 14 TRUEH, S B9 3 &
WA, FEAENAHT RS B R 0.02 g/L, R
FAIER] 99% LA b, ARG E AR AL .
252 B = GO0 IR KRR S 4

F 4 S50 B, = GO0 R R A . SR
BUAH: ARG AN S 50k 2.0839 g/Ls /KAH: 7
mol/L #hFRIEH . ARG RAWE R 25 °C, JR#
B4 2 min, O/A=1.5:1, 7E%5 5 HEWfRLLFEL ] F
€, AWM IR 4 Al

R4 ASHERGERT Y

Table 4 Components in stripping liquor of row As

Concentration in o
Element Stripping rate/%

stripping liquor/(g-L™")

Fe 3.1019 99.23

M 4 PR LUE L, g5 =00 A, BIR
AL H] 99.23%.
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1) HBLI121 &Rk FEmi R ] ELREARR, R
TREI Fe', HA A I A I

2) HHUHLL R 40%(5 i 53 0)+20% (R FH 53 450
R, S DUZOE AT, BN ARE N
98.14%, Cu*". Ge"'Fl Zn* AU AL, [l Ak i A Y
AL 99.82%. A HIAHH 200 g/L iR ] LAk
PEVE SRR, iR R B AR LA

3) H1200 g/L Ff RV ik B e I #4545 21 s 2l
FERMBRAW, MR BN, Sl Hgudim
R, BIRFEFR N 99.18%, kM R 2R AL K
0.02%. JRZEKIGA NI 7 mol/L Eh BV S A<k It
WM, 28] =PRI IRAR , BRIK AL AT IA ) 99.23%.

REFERENCES

[11  BEFHE, Brel BadM]L dbat ma T, 2009:
34-40.
ZHAI Xiu-jing, LU Zi-jian. Gallium metallurgy[M]. Beijing:
Metallurgical Industry Press, 2009: 34—40.

21 B, FIOt HikeEM] G FEBEER RN
fik, 2008: 192-204.
ZHAI Xiu-jing, ZHOU Ya-guang. Scare metal[M]. Hefei:
University of Science and Technology of China Press, 2008:
192-204.

[3] HHEZRS. TSR A & BB PIRD]. deat: P
Ml BLEHFTTEE, 2010: 33-46.
CHANG Lian-ju. Study on extraction of rare metal Ge and Ga
by complexation of tannic[D]. Beijing: Chinese Academy of
Forestry, 2010: 33—46.

[4] RVESE, L B LB IR BETT]. AR
AR FAERR, 2010, 45(9): 109-112.
ZHAO Xi-dan, LU Yan-min, YANG Yan-zhao. Study on the
extraction of gallium by micro-emulsions[J]. Journal of
Shandong University: Natural Science, 2010, 45(9): 109—-112.

[51 f& . SHAEROAHES BRRATAD]. B R,
2011: 39-45.
HOU Jing. The experimental study of contain gallium pig iron
electrolysis separation[D]. Chengdu: Xihua University, 2011:
39-45.

[6] Wik, fempg, Z5Eh. AWE-HERTY T R B R B i o
[J1. ¥BikR4s, 2012, 31(5): 300-302.
PU Shi-kun, YAN Yun-nan, LAN Yao-zhong. Experimental
study on recovery of gallium from gallium-germanium

concentrate[J]. Hydrometallurgy of China, 2012, 31(5):

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

300-302.

FRAEH, BRbal, 45548 AWEERR Y b Rl iici i T2
T5 T IAT AT, 73R, 2007, 16(3): 58-61.

CHENG Hua-yue, CHEN Shao-chun, ZOU Jia-yan. Study and
feasibility analysis on the Ga recovery process from the slag of
lead and zinc smelter[J]. Mining & Metallurgy, 2007, 16(3):
58-61.

FARZE. HUPEAR T BB AR AT R EUC R B IR D]. B
Wl: BRI K, 2009: 42-50.

WANG Sheng-jun. The extraction of scattered elements gallium
in electric dust made by the production of yellow phosphorus by
electric furnace[D]. Kunming: Kunming University of Science
and Technology, 2009: 42—50.

X, ESERk, B F TBP MR SRR I A
BRI WRVER S, 2002, 21(4): 188—194.

LIU Jian, YAN Ying-tao, LAI Kun-rong. Extraction and
separation of gallium from high concentration HCI solution with
tributy phosphate (TBP)[J]. Hydrometallurgy of China, 2002,
21(4): 188—194.

THERN, EEA, A, HATER. RSB —R -2 IGE
O b AR IR PR ICER[T]. TR OR 2 R AR,
2008, 39(1): 86-91.

FENG Ya-li, WANG Hong-jie, LI Hao-ran, DU Zhu-wei.
Recovery gallium from phosphorus industry flue dust using
process of curing-leaching-extracting[J]. Journal of Central
South University: Science and Technology, 2008, 39(1): 86—91.
EEW, A2, A K, Bl BH B —IENEE—E
BhR T AIAE I B A e SEBRATD[I]. YR <24, 2012, 32(3):
77-79.

LI Yu-ling, SI Xue-zhi, LIU Dong, MA Wan-shan. Study on
extraction and enrichment of gallium (III) by phase separation
with rhodamine B—I-propanol-sodium chloride system[J].
Metallurgical Analysis, 2012, 32(3): 77-79.

MEZ, wEIL, FER, FRE, L O RSk RIEE
FIRFIE[I]. AT E4)E: 5, 2005(3): 33-35.

LIU Zhi-hong, ZHANG Deng-kai, LI Yu-hu, LI Qi-hou, AI Kan.
Study on comprehensive recovery of gallium from sponge
iron[J]. Nonferrous Metals: Smelting Part, 2005(3): 33—35.
XURERE, 2N, TRARAE, BREHE K. IS AIZER T M
BB ST 4, 1998, 132: 48-51.

LIU Gui-hua, LI Xiao-bin, ZHANG Chuan-fu, OUYANG
Yu-liang. Solvent extraction of gallium[J]. Rare Metals and
Cemented Carbides, 1998, 132: 48-51.

YO, M LocE 5 &R MR AT D]. K&
MK, 2012: 39-46.

FAN Shu-juan. Studies of solvent extraction behavior of rare
earth elements, gallium and indium[D]. Changchun: Jilin
University, 2012: 39—46.

FRYE, Z2065%. P50 ZHUOIE N B AR A A 2 0], 43
HTRRIm AR, 1985, 4(1): 34-38.



5524 558 9 W

FRAELDT, 2. SR HBL121 MR I ml EERR IR D AR B

2409

[16]

[17]

SHI Liu-ying, QIN Guang-rong. Extraction chromatography
separating gallium, indium by P507 and determination[J].
Analysis of the Test Report, 1985, 4(1): 34-38.

EFHHE, EWAR, S0, ERRA PP TIR AL 4R
FWEADBLEIDIA]. AR AR B RBHERR,
2007(4): 35-37.

WANG Xiu-yan, WANG Yu-dong, JIN Wen-xu. Extraction
behavior and mechanism of gallium (II) with sec-nonylphenoxy
acetic acid from sulphate media[J]. Journal of Jilin Normal
University: Natural Science Edition, 2007(4): 35-37.

MITIR, Fit, smadl, 8 & 9k & A
FIRIRTE S N HIT]. A G4, 2009, 61(2): 84-87.

LIN Jiang-shun, WANG Hai-bei, GAO Yin-jian, ZHAO Lei,
ZHANG Lei. Preparation and application of a novel extractant
for Ga and Ge[J]. Nonferrous Metals, 2009, 61(2): 84—87.
N, B A, B, SN AR R B [
BRI SU[0]. T BEREE A A, 2012, 30(6): 25-27.
JIANG Ying-ping, ZHAO Lei, WANG Hai-bei, JIANG
Xun-xiong. Experimental study on recovering gallium and
germanium from gallium and germanium-leaching solution at
high-pressure[J]. China Resources Comprehensive Utilization,

2012, 30(6): 25-27.

[19]

[20]

(21]

(22]

FiEE, AT, EOF, K A RIS BT R IGH)
G315 N BT[], | AR g g 244k, 2005, 15(1): 8—11.
WANG Hai-bei, LIN Jiang-shun, WANG Chun, ZHANG Lei,
LIU San-ping. Study on application of a new extractant G315 for
gallium and germanium[J]. Journal of Guangdong Nonferrous
Metals, 2005, 15(1): 8—11.

H AR AEEH AR Bl K L2 TE0]. A < S
JiiEr4s, 2003, 31(2): 5-7.

XIAO Hua-li. Study of Ga recovery technology from In
raffinate[J]. Rare Metals and Cemented Carbides, 2003, 31(2):
5-7.

HRE . SRR B h B R AR BFAT]. ) AR A (4
JE2FAR, 1991, 1(1): 20-25.
TIAN Run-cang. Synergistic extraction of gallium and
germanium in sulfuric acid system[J]. The Guangdong Journal of
Nonferrous Metals, 1991, 1(1): 20-25.

Al AREETAMM]. dbEt ifE Dl AL, 2005:
15-16.
ZHU Tun. Extraction and ion exchange[M].
Metallurgical Industry Press, 2005: 15—16.

(RE FKRITH)

Beijing:



