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Cycle leaching of low grade zinc oxide ores in MACA system

TANG Mo-tang, ZHANG lJia-liang, WANG Bo, YANG Sheng-hai, HE Jing, TANG Chao-bo, YANG Jian-guang

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The leaching processes of the low grade zinc oxide ores from Lanping in the system of
Me( II)-NH,CI-NH;-H,O(MACA) were studied. The technical process of enriching the concentration of zinc in lixivium
by cycle leaching was proposed. The results show that the optimal conditions are found, including the ratio of liquid to
solid to be 4, stirring speed to be 300 r/min, leaching time to be 3 h and at ambient temperature. Three-stage experiments
of cycle leaching were carried out, and the results indicated that the zinc-leaching rate is more than 69% and the zinc
concentration of leaching solution is more than 33 g/L. This process has lots of advantages, including a simple flow sheet,
low energy consumption, easy purification, being environment-friendly and so on. Therefore, it is to be significant in

exploitation and utilization of low-grade zinc oxide ores, which contain high-alkaline gangues and are also difficultly

treated by beneficiation.
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Table 1 Chemical composition of low grade zinc oxide ores

(mass fraction,%)

Zn Pb Cd As Sb

6.59 1.00 0.091 0.084 0.14
Fe Co CaO MgO SiO,
6.89 0.636 27.35 0.83 17.16
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Table 2 Phase composition of zinc in low grade oxide ores

(mass fraction, %)

ZnO ZnSO, ZnSiO; ZnS ZnFe,O, Total zinc

4.89 0.04 0.46 0.78 0.42 6.59
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Fig.1 Principle flow sheet of cycle leaching of low grade zinc oxide ores in MACA system
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Fig.2 Effect of ratio of liquid to solid on average leaching rate
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Fig.3 Effect of temperature on average leaching rate
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Fig.4 Effect of stirring speed on average leaching rate
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Fig.5 Effect of leaching time on average leaching rate
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Fig.6 Zn*" concentration of lixivium in integrated cycle
leaching experiments: [ . Leaching agent of 3 mol/L NH,OH+
3 mol/L NH,CIl, open-cycle fraction of 25%; II. Leaching
agent of 3 mol/L NH,OH+4 mol/L NH,Cl, open-cycle fraction
of 25%; III. Leaching agent of 3 mol/L NH;OH+4 mol/L
NH4CI, open-cycle fraction of 28.75%
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Fig.7 leaching rate of Zn in integrated cycle leaching
experiments: [ . Leaching agent of 3 mol/L NH,OH+3 mol/L
NH,CI, open-cycle fraction of 25%; II. Leaching agent of 3
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[I. Leaching agent of 3 mol/L NH,OH+4 mol/L NH,CI,
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Fig.8 Main impurities concentration of lixivium in third

integrated cycle leaching experiment

1) $&H RGN R 77 s SRR i B
M LEEARTTS, e TR RERI R W)
M 4:1, . PEEEEFE 300 v/min. & HETE 3 he

2) MR A K 8 3 mol/L NH,OH+4 mol/L
NH,Cl, R0k 28.75%I0F, P45 Ji i H B H BE 1)
I 33.93 g/L, FETERR AN 69.08%, M
A e FE R R R D

==y =:
4R

3) MACA PR Z PRI AR b A7 S AL BRI, W]

BB F PRI, A2 AT A B 2K

REFERENCES

(1]

[2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

[11]

WoE A, KA. WSV IR AR T BUIR[D. S
.42, 2004, 32: 22-29.

DAI Zi-xi, ZHANG Jia-rui. Present situation of development and
utilization of lead and zinc resources in the world[J]. World
Nonferrous Metals, 2004, 32: 22—29.

TREME, ZF W, BRAJT, TAH. B A A BT
FURAT R, o EA G R, 2009, 19(5): 960-966.
ZHANG Yu-mei, LI Jie, CHEN Qi-yuan, DING Hong-qing.
Influence of ultrasonic irradiation on ammonia leaching of zinc
from low-grade oxide zinc ore[J]. The Chinese Journal of
Nonferrous Metals, 2009, 19(5): 960—966.

MENG X, HAN K. Principles and applications of ammonia
leaching of metals—A review[J]. Mineral Processing and
Extractive Metallurgy Review, 1996, 16(1): 23—61.

FRENAY J. Leaching of oxidized zinc ore in various media[J].
Hydrometallurgy, 1985, 15(2): 243-253.

ZHAO Y, STANDFORTH R. Production of Zn powder by
alkaline treatment of smithsonite Zn-Pb ores[J]. Hydrometallurgy,
2000, 56(2): 237-249.

CHEN A, ZHAO Z, JIA X, LONG S, HUO G, CHEN X.
Alkaline leaching Zn and its concomitant metals from refractory
hemimorphite zinc oxide ore[J]. Hydrometallurgy, 2009, 97(3/4):
228-232.

FENG L, YANG X, SHEN Q, XU M, JIN B. Pelletizing and
alkaline leaching of powdery low grade zinc oxide ores[J].
Hydrometallurgy, 2007, 89(3/4): 305-310.

QIN W, LI W, LAN Z, QIU G. Simulated small-scale pilot plant
heap leaching of low-grade oxide zinc ore with integrated
selective extraction of zinc[J]. Minerals Engineering, 2007, 20(7):
694-700.

WANG Rui-xiang, TANG Mo-tang, YANG Sheng-hai, ZHANG
Wen-hai, TANG Chao-bo, HE Jing, YANG lJian-guang.
Leaching kinetics of oxide ore in
NH;-NH4CI-H,O system[J]. Journal of Central South University
of Technology, 2008, 15(5): 679—683.

HARVEY T. The hydrometallurgical extraction of zinc by

low grade zinc

ammonium carbonate: A review of the Schnabel Process[J].
Mineral Processing and Extractive Metallurgy Review, 2006,
27(4): 231-279.

FRORT, AL, A B AL B IO REET]. b
B DR 254 BARTIA AR, 2003, 34(6): 619-623.

ZHANG Bao-ping, TANG Mo-tang, YANG Sheng-hai. Treating

zinc oxide ores using ammonia-ammonium chloride to produce



215 1

RS, S KA EALEED /E MACA /R R FIIERR T

219

[13]

[14]

[15]

electrolysis zinc[J]. Journal of Central South University of
Technology: Nature Science, 2003, 34(6): 619—623.

ERiFE, FHRE, XYE, ¥R, 5KIGE. NH-NHLCI-H0 &
FRE AR AL AL B R OB BE)]. R TR AR IR, 2008,
8(S1): 219-222.

WANG Rui-xiang, TANG Mo-tang, LIU Wei, YANG Sheng-hai,
ZHANG Wen-hai. Leaching of low grade zinc oxide ore in NH-
3-NH4CI-H,O system for production of electrolytic zinc[J]. The
Chinese Journal of Process Engineering, 2008, 8(S1): 219-222.
AMER S, FIGUEIREDO J, LUIS A. The recovery of zinc from
leach liquors of the CENIM-LNETI process by solvent extraction
with  di(2-ethylhexyl) phosphoric acid[J].
1995(37): 323-337.

ALGUACIL F, ALONSO M. Effect of ammonium sulphate and

Hydrometallurgy,

ammonia on the liquid-liquid extraction of zinc using LIX54[J].
Hydrometallurgy, 1999, 53(2): 203—-209.
ALGUACIL F, MARTINEZ S. Solvent extraction equilibrium of

[16]

[17]

[18]

zinc(Il) from ammonium chloride medium by CYANEX923 in
Solvesso 100[J]. Journal of Chemical Engineering of Japan,
2001, 34(11): 1439-1442.

AMER S, LUIS A. Extraction of zinc and other minor metals
from concentrated ammonium chloride solutions with D.EHPA
and Cyanex272[J]. Revista de Metalurgia (Madrid), 1995, 31(6):
351-372. (in French)

DEEP A, de CARVALHO J. Review on the recent developments
in the solvent extraction of zinc[J]. Solvent Extraction and Ion
Exchange, 2008, 26(4): 375-404.

FHiHE. MACA 12 0 Ab BRI il A7 S A B T LA 1 21
HILZHIH[D]. K¥b: R, 2009: 87-91.

WANG Rui-xiang. Study on theory and technology for treating
low-grade zinc oxide to prepare cathode zinc in the MACA
system[D]. Changsha: Central South University, 2009: 87-91.

(438 fUZF3%)



