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Cycle leaching of low grade zinc oxide ores in
MACA system for preparing zinc
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Abstract: The low grade zinc oxide ores from Lanping in Yunnan Province were treated through cycle leaching in
MACA(Metal-ammonium-chloride-ammonia) system at room temperature and pressure. The residue was recovered by
flotation and leached in the MACA solution subsequently. The leaching solution was electrodeposited after removal of As
and Sb and then deeply purified through two-stage countercurrent of zinc replacement. The technical and economic target,
such as cycle leaching rate, removal rate, materials balance, electric zinc quality and power consumption, were
investigated. The results show that the combined method of flotation-metallurgy is a suitable process for treating
low-grade zinc oxide from Lanping. The average zinc leaching rates for raw ores, ammonia soluble zinc and flotation
concentrate are 70.48%, 89.14% and 79.75%, respectively. The purification rate and current efficiency are up to 95% and
97.02%, respectively. Electrolytic zinc with purity of 99.98%Zn is manufactured.

Key words: low grade zinc oxide ores; Zn; flotation concentrate; electrowinning; MACA system; cycle leaching
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JEIFNRPEIR R, BRPERKAT RIER. BB BA. RS TG
B AR AR, XFEROCHL R T 5 805E
T2, IR A S . AR IR RN R
He R APAT H AT e 3T I8 0] LUIAE S Zn® i
A AR B> 10 g/ MR TRREE, Ay A B i 7 4
WA PR R A4 1F o ASSCHES A0 /MRS S 4
SEih b, DL PR S AR S LR RS SRR,
£ MACA 1A R HFHEAT 150 kg/TRuk LA R (A6 K35
AR RS, B ICT . JEIR
A DL S H TRV T R HUFESS R 2 B FR #R
i T ARES R A T A

1 X8

1.1 R R R

S0 Pt FH JEORMIG it S S8 A BRI B i 48 22 5
JRA A BREE . LA 0.150 mm i, kA
FCOr SRR AL e 1R 2 s JLARER R
RS 17.22%Zn(f 5 050

M1 RTLUE Y, B FE 8 T M2 e v i 2
G EAEED™ . 3 2 B2 IR BH(ZnO+ ZnSO,)IT)
TN 6.65%, VBRI 79.07%.

R R OBAEZA A Ny
Table 1 Main chemical compositions of raw materials (mass

fraction, %)

Zn Pb Cd As S Cu

8.41 1.66 0.10 0.084 2.90 0.028

Sb Fe Co CaO MgO SiO,

0.39 3.39 0.636 19.57 0.83 44.15

R2 SRR AR ALK
Table 2 Phase compositions of zinc in raw ores (mass

fraction, %)

ZnO ZnSOy ZnS ZnFe,O,; Total zinc

6.65 Trace 1.50 0.26 8.41

HEOA T T A L WRZUK. W A
IR BERY . DUKSEAGIE B . XU K (30%) S HL A IS
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e ol B, B A B R BB K
Zn(11)-NH; Bl5 Bl , Wil 558 B as ik
N, /ba Sby Asy Pb 5 CUTERAC A WIHENR H

W, SR FAVEYSE CR AR, AT,
A SO G R
ZnO+iNH;+H,0=[Zn(NH;);]*' +20H (1)
ZnSO,+iNH;= [Zn(NH;),*"+S0%" ()
MeO+2NH, +(j~2)NH;= Me(NH; ) ;" +H,0 (3)
Kf: Me %78 Cu. Cdv Co Al Nis iy j MHECAIEL,
A
FRHEBC A SOV
ZnO+H,0+(i—2)OH = Zn(OH)?™ 4)
ZnSO,+iOH = Zn(OH)* " +SO2" (5)
S A VR :
ZnO+H,0+iCl = ZnCI*" +20H" (6)
ZnSO,+iCl = ZnC1*" +S03" (7)
MeO+ H,O+jCl'=MeCl;/ +20H" (8)
Me,05+ 3H,0+2kCl = 2MeCL} * + 60H" 9)

122 ke

TEHAGE RE T, 00 3% B AR A5 in A\ &k
NV F A AR T BB IR 5 A IR £h UTiE b 25, 24t
R BRI R B R 2

Me(NH;) " +Zn = Me(NH;) " +Me +(j—)NH; 1

(10)
MeCl™* + Zn=Zn*"+Me| + kCI” (11)
2MeCly ¥ +3Zn=3Zn"" + 2Me| + 2kCI” (12)

s Me AR FRFIHE
1.23 TR

FE TR RE PR R U, IR H B, I
3Zn(NH;)?* =3Zn+N, 1+ 6NH, +(3i—8)NH; (13)
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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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Table 3 Principal components of solutions before and after cycle leaching

Leaching agent

Leaching solution

Test Leaching
No. Volume/ p(Zn)/ ¢(NH;)/  c(NH,CLY Volume/  p(Zn)/  ¢(NH3)/ c(NH,CD/  Rate"/%
L (L) (molL™")  (molL™) L (gL (molL™) (mol-L ™)

1 600 0.00 3.49 3.62 560 14.79 3.46 3.49 74.90
2 600 14.94 3.33 3.50 555 28.03 3.34 3.49 66.53
3 600 18.97 3.59 3.68 560 32.45 3.65 3.61 72.27
4 605 23.97 3.24 3.54 565 36.05 3.31 3.46 71.26
5 600 25.97 3.74 3.48 570 39.45 3.66 3.54 70.42
6 605 28.79 3.45 3.45 570 38.93 3.41 3.50 68.91
7 600 28.01 4.12 3.46 560 39.29 3.99 3.50 71.97
8 900 29.73 3.45 3.39 830 38.67 3.49 3.57 61.46

9 1 450 12.02 2.69 3.39 1420 30.58 2.73 3.19 -

1) Calculated on leaching residue.

1.74%, RUPRHJEZDE, MW IGE R /KEERvEGR &
e AR A B . AN, MR R,
AR, R RS DU AN

PO 3 i Bds, v HA I Je U B R P AR AR
AN, TR B8 1 IR JE AR AR AR, AR I A7 7
P RN, I Zn(NH )2 IR N, e S 5 e
B2 W)
ZnO+iNH;+H,0=[Zn(NHs),]*' +20H" (15)

AT ARFRA R NH; R, KR+ NH;-NH,CL
TER— N EMR R, BCA T2 5 IR B ARt
FER(16)4M 75 -

NH; ==NH;+H" (16)

AT PRFFRZR T pH BT, HH AL B2
TN FE, TN

ZnO+H'=Zn*'+H,0 (17)
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200 64%.
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HKATIAE] 90% LA L.
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HR AR . AR 2 HEr A B R AR 1
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TRBRAf, B, FLILAR R R K As® R
Sb* 73 AL S 47 LA SbO S R AsOY ek, # Fe?t
FAFME Fe® TR IE HLIK Fe(OH); ik, 1. #
HL R R 3L Rl e
[Fe(OH);], nFe*+nSbO3 =m[Fe(OH);]-nFeSbO,

(18)

[Fe(OH);],nFe’+n AsO3~ =m[Fe(OH);]-nFeAsO,
(19)
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Cu®" Cd*" 1 Pb™ B 7t 25 15 SbO 3 il AsO] et kit
7

M 5 B PR T LR H, 245t Cuy Cd /2 Pb
A B AL, FLBRRZ KT 90%, Co I Ni f#13
R ILIR, ARILAEN S BT 0.7 mg/L, fF&
ffEisk . AREY], HHBALTRR, B, B
B AT B EERY I T4k, IRATGRIE LB

2.3 BINfAEE

P32 ()RR T AR LR 6. 3% 6 hEdin it
B, LRSI IR B T WU, & Zn SR
99.98%, A 1 ErbrifE, 2B EEAKT
0.01%, 125 1 HEAIEE 2 #HE 1K) Cd J0 38 % AR 4
KB B8R T, A Cd A,
TR I B K B RE NI B 2 T

Tah, R SRR 1 ¢ BRI FEIE
H)A 0.243 vt, RN 28.98%; SALEL AN
R, AR R, HRCE m rTIA 97.02%.

R4 AR ROTY) R Y

2.4

YR T
ARIVEE. . ST ST 43 )
TR 7~10 NERPEH, YICPEEL RLF, P
BI7E 95%LL L.

MW 7 TRV TR, G R T i ek B
96.32%, = H VEES NN EEAR 22 3.68%, IX T Z)E
EERRE (iU e s SRR INE b Sy Edtafi I E i N i B O
HEIE PR A IR D A R T B, SR B A (R
Wz W] DI 100%.

MWK 8 ATLLEH, A T2 RE bRl
17.236 kg, HAPHTRILE] T 96%LA o H il ERAE K
R e, WRBEH A HE M HER,  TRIE T 201
R I

t3 9 BIEE rT A, SRR 0 iR S N, 1X
JE T IMAN T & A ERBRARIES, NS 15
BB P EE T F A . i 9 B AT A
TSR B 1% 96.35%, Herhik N b (g

Table 4 Products and their principal components in second purified solution
Test Volume/ p(Zn)/  p(Sb)  p(As)/  p(Cu) p(Cd)  p(Co) p(Ni)/  p(Fe)/  p(Pb)  c(NH;)/ c(NH4ClY
No. L (L") (mgL™h) (mgL™) (mgL") (mgL") (mgL™) (mgL") (mgL") (mgL™") (molL™) (molL™)
1 790 41.38 3.3 0.34 1.66 20.61 0.51 0.54 0.52 1.14 3.63 3.40
2 795 41.59 3.3 2.13 4.10 46.62 0.37 0.64 0.56 9.14 3.42 3.88
3 1410  32.66 3.3 0.80 0.59 3.44 0.27 0.50 0.46 4.00 2.75 3.25
RS RPUTRBERRE
Table S Removal rate of impurity elements
Removal rate/%
Test No.
Zn" Sb As Cu cd Co Ni Fe Pb
1 99.81 22.41 86.01 99.00 95.49 72.02 84.59 83.39 96.21
2 99.76 22.52 80.12 98.45 90.82 80.90 83.40 83.98 94.56
3 99.84 34.23 50.41 96.48 97.77 68.72 11.03 62.12 93.29
1) Recovery rate.
R6  AMBEIUE LN
Table 6 Mass and components of electric zinc
Test Mass/ w(Zn)/ w(Pb)/ w(Fe)/ w(Cd)/ w(Ni)/ w(Co)/ w(Cu)/ w(Sb)/ w(Mn)/
No. kg % 10° 10° 10° 10° 10° 10°¢ 10°¢ 10°¢
1 22.46 99.93 62 16 530 8.8 7.5 44 0.14 0.29
2 17.66 99.80 130 54 1 400 6.9 14 370 2.3 1.5
3 24.88 99.98 79 7.2 130 4.4 0.8 21 0.17 0.55




3460 A G A R

2013412 H

xT WA

Table 7 Zinc balance of entire process

Input/kg Output/kg
Deviation/
Raw Flotation Zinc Leaching . . S.e con§ Electric Waste kg
Total . purification purification . Total
ores concentrate  powder residue slag zinc  electrolyte
105.390 34.328 9.200 148.918 39.882 0.117 0.232 65.144 38.062 143437 —5.481
x8 AR
Table8 Ammonia equilibrium of entire process
Input/kg Output/kg
Deviation/
Leaching Amonla Total Leaching Cycle . An0d§ volatilization Waste Total kg
agent Washing water slag return dissolution electrolyte
307.945 126.867 434.812 3.870 250.011 11.305 4.612 147778  417.576 —17.236
R9 AREHIETE
Table 9 Ammonium chloride balance of entire process
Input/kg Output/kg
. P Deviation/
Ammonia  Oxidation of Second
Leachi Leachi 1 Wast
cacng Washing ferrous Total cACng Cycle purification aste Total kg
agent . slag return electrolyte
water chloride slag
946.143 428.223 1.487 1 375.853 19.743 846.688 0.086 5594388 14259558 50.1028

FT 10 ARFRAHCT-

Table 10  Solution equilibrium of entire process

Input/L Output/L
. Deviation/
Ammonia Second
Leachi Leachi 1 Ferri Wast
cacng Washing ~ Water  Total caching  Cycle erme purification aste Total L
agent slag return slag electrolyte
water slag
6 550 2260 340 9150 294 5919 4.0 0.40 2 530 8747.4 —402.6

R 1.39%, IXFE AR R AR rh I R AR AN
REL N 2.26%.

® 10 BoRBA RSB T 402.6 L, %
LY 4.4%, FHOTHTHERT 95%. UK > 32252
BB, A1y 3.41%, BRI R AR
FIHLBARAE] 1% B WA TR B WU K
Wl R, T S

3 Zig

1) KH MACA VLA DL SEBLH i 4 U A s A0
IR, Wi PR 0R [ O AR st A A AR e

Fe AT I FH I ) Ak B A TR R AR AR
W SRR R T

2) JEIRE o SRR A SRR W
AT, & 8.41%Zn RN 7EMIE LL 4:1 FI41F
R 8 IR, BT R B AT E AR 39 /L A2
iy P UMK TR IO B3 40 T A R AT Ry
VAT ) R

3) KH MACA ¥ Ab B S A AL BE™, R~
TR TR AL i, WTLASRAG 90% /0 44 IR E5
[Eiflige

4) PRI IR P AN FRLAE S 1 280 1) A
a5 99.98%, IAE| 1 FErbsdE, HRRCE A
97.02%.
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