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Leaching of low grade zinc oxide ores in Ida> —H,O system
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Abstract: Ida®> —H,0 system (iminodiacetate aqueous solution) was used to leach a low grade zinc oxide ore for Zn extraction. The
effects of leaching time, liquid-solid ratio (L/S), total concentration of Ida*~ ([Ida® ]1), leaching temperature and pH on Zn leaching
recovery and the dissolution of impurities such as Ca, Mg, Cu, Ni, Fe, Pb and Cd were investigated. Results show that Ca, Mg and Fe
in ores were hardly dissolved in alkalescent iminodiacetate aqueous solution, while valuable metals such as Cu, Ni, Pb and Cd were
partly dissolved into leaching liquor with Zn. The recovery of Zn reaches 76.6% when the ores were leached for 4 h at 70 °C by 0.9

mol/L iminodiacetate aqueous solution with pH of 8 and L/S of 5:1.
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1 Introduction

Nowadays, with the depletion of zinc sulphuric ores
which are easily upgraded by floatation, low grade zinc
oxide ores, which are difficult to be upgraded and smelt,
have drawn more and more attention. In our country, the
resource of zinc oxide ores with low grade of zinc, high
content of gangue and complicated phase composition
are very abundant. Therefore, it is of great strategic
significance to effectively utilize these low grade zinc
oxide ores.

Both pyrometallurgical and hydrometallurgical
methods [1-2] had been employed to treat low grade
zinc oxide ores. But now, the pyrometallurgical methods
[3] have been replaced by hydrometallurgical methods
for its low recovery of Zn with high energy consumption
and hazard pollution. Hydrometallurgical treatment
mainly contains acid leaching process, ammonia leaching
process and alkaline leaching process. Acid leaching
[4-5] is a non-selective system for valuable metals’
dissolution due to that lixiviant is H,SO, mostly and the
impurities such as Ca, Mg, Fe and Si in ores can be
dissolved in acidic solutions during leaching process,
which results in more consumption of leaching agent and
the leaching liquor contaminated. What’s worse, Si easily
forms silica gels in acidic media which will affect
solid-liquid separation consequently.

Ammonia leaching and alkaline leaching are the
selective system for Zn extraction by the formation of
complexes. In ammonia leaching, NHj, serving as the
main ligand, can complex with Zn*" and convert it into
solution with little amount of Ca, Mg, Fe and Si
dissolution. However, ammonia in the system evaporates
easily, which causes the environment pollution. Current
studies [6—8] about ammonia leaching still focus on
utilizing ammonium to substitute part of ammonia to
alleviate the environmental problem.

OH is also used as the leaching ligand to
coordinate with Zn®* for Zn extraction from ores in
alkaline leaching [9—11]. It is a challenge for facilities to
resist the corrosion of strong basic system in operation.
Moreover, SiO, will be dissolved in leaching liquor as
silicates under so high concentration of OH in the
process.

Recent years, many researches [12—16] have been
done about ammonia leaching and alkaline leaching to
deal with low grade =zinc oxide ores. Good
techno-economic indicators in operation have been
obtained in these two processes, but ligands were only
limited to NH;, OH™ and CI . In order to get some new
ligands more appropriate to leach these low grade zinc
oxide ores, some work had been done [17] about ligand
selection for complex-leaching valuable metals in
hydrometallurgy. The results showed that ligand of
iminodiacetate (Ida®") could be used to leach zinc oxide
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ores in aqueous solution at pH 8—11. According to this
result, experiments of a low grade zinc oxide ore leached
by Ida® —H,0 system were done in the present work, and
the dissolution of impurities in this leaching system was
also studied.

2 Experimental

2.1 Materials

The zinc oxide ores used in the present study was
from Lanping town, Yunnan province of China. After
being crashed and ground, more than 95% of the ore
particles have a size less than 150 pm, and the
corresponding major components and mineralogical
compositions are listed in Table 1 and Table 2,
respectively. The tables show that the ore has a low zinc
content with major phase of smithsonite (ZnCO; 85.08%
in non-sulphide zinc), a high content of gangue (basic
gangue w(CaO)+w(Mg0)>25%, acid gangue w(SiO,)
17.53%), and 6.5% of w(Fe). Actually, other phases of
zinc oxides such as hemimorphite (Zn4Si,O-,(OH),-H,0),
hydrozincite (Zns(CO;),(OH)s) and zincite (ZnO) can
also be dissolved in weak basic system of Ida* —H,0,
while SiO, cannot be.

Table 1 Chemical composition of low grade zinc oxide ores
(mass fraction, %)
Zn Pb Cd Cu Fe
6.50 0.91

CaO MgO SiO,
0.09 0.0049 6.50 25.74 0.83 17.53

Table 2 Phase composition of Zn in low grade zinc oxide ores
(mass fraction, %)
ZnCO; ZnS Other Zn Total Zn
5.32 0.97 0.21 6.50

2.2 Procedure and analysis

Experiments were carried out in a beaker of 250 mL
which was heated in a constant temperature water bath
with a stirring speed of 300 r/min. According to the
desired liquid to solid ratio (L/S), 20 g ore was added to
the Ida> —H,O system with required Ida>” concentration
([Ida* 1y), temperature and pH value respectively, where
the concentration of Ida> was adjusted by solid IDA (AR)
and pH controlled by solid NaOH (AR). When the
leaching process finished in a required time interval,

leaching liquor and washing water were collected to
measure their metal contents.

The concentration of Zn in aqueous was analyzed
by EDTA volumetric method. Especially, since the
complex affinity of Ida® with Zn®" is stronger than
EDTA, Zn analysis in solution can only be carried out
after Zn?'-Ida>" complexes being destroyed by adding
concentrated sulphuric acid. Impurities in leaching liquor
were analyzed by atomic absorption spectroscopy (AAS).
Impurities (concentration) in different volume of each
sample were calculated in a uniform volume for
investigating dissolution conveniently.

3 Results and discussion

3.1 Effect of leaching time

The recovery of Zn in the ore and the dissolution of
impurities in leaching liquor were examined against
leaching time under the condition of 0.9 mol/L [Ida® ]y,
leaching temperature 70 °C, L/S 5:1 and pH 9. The
results plotted in Fig. 1 indicate that leaching time had
little effect on Zn recovery, which only rose to less than
4% when time lasted from 1 h to 6 h. The recovery of Zn
kept a little invariable when ores were leached for more
than 4 h. Meanwhile, data in Table 3 show that leaching
time nearly had no effect on the dissolution of impurities
in leaching liquor. Therefore, leaching time should be
controlled in 4 h for a lower energy consume.

In Table 3, alkali gangue (CaO+MgO) and Fe with
high content in ore had low dissolution in Ida* —H,O
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Fig. 1 Effect of leaching time on Zn recovery

Table 3 Effect of leaching time on dissolution of impurities in leaching liquor

Time/h  p(Mg)/(mgL™) p(NDA(mgL™) p(Cuy(mgL™) pFe)(mgL™") p(Cd)(mgL™) p(Pb)(mgL™") p(Ca)(mgL™)

1 4.96 1.16 1.91
2 4.39 1.16 1.90
3 4.49 1.19 1.99
4 4.77 1.46 232
5 5.09 1.35 2.13
6 4.71 1.30 2.04

13.63 77.94 334.72 125.82
12.02 75.87 357.50 75.32
13.46 77.84 381.03 44.64
20.08 81.92 362.55 34.22
14.61 82.44 380.01 54.93
12.36 79.25 397.35 77.18
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system under the above conditions. Valuable metals Pb,
Cd, Cu and Ni which were concomitant with Zn of low
content in the ore had partial dissolution into leach liquor,
which makes it more important for comprehensive
recovery of valuable metals in low grade zinc oxide ores.

3.2 Effect of L/S

Under the conditions of 0.9 mol/L [Ida* ] and pH
9, the ores were leached at different L/S (3—7) for 4 h at
70 °C in Ida® —H,O system. Recovery of Zn in Fig. 2
increased obviously from 66.06% to 72.69% with the
increase of L/S from 3 to 5. When L/S was more than 5:1,
Zn leaching recovery changed slowly. Table 4 shows that
L/S had no effect on the dissolution of Mg, Ni, Cu and
Cd, while the concentration of Pb and Ca increased
slowly with increasing the L/S. Considering that the
highest concentrations of Pb and Ca were only 426.61
mg/L and 176.06 mg/L respectively, L/S of 5:1 may be
optimal.
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Fig. 2 Effect of liquid—solid ratio on Zn recovery

Table 4 Effect of L/S on dissolution of impurities in leaching liquor
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3.3 Effect of [Ida’ |¢

Leaching recovery of Zn in Fig. 3 and the
dissolution of impurities in Table 5 were plotted against
the total concentration of Ida’  under the conditions of
leaching zinc oxide ores for 4 h at 70 °C with pH 9 and
L/S 5:1 in the Ida® =H,O system. The complexation of
Ida® with metallic ions were improved with the increase
of [Ida® ] in the system, and the dissolution of Zn and
impurities increased in leaching liquor correspondingly.
When [Ida®]; increased from 0.5 mol/L to 0.9 mol/L,
leaching recovery of Zn rose from 67.8% to 71.89%.
While [Ida® ]r was more than 0.9 mol/L, recovery of Zn
changed slightly. In Table 5, dissolution of impurities in
leaching liquor except for Cu and Ni had increased to
some extent with [Ida® ]y growing. Changes of Cu and
Ni were due to their low abundance in the ore and
[Ida®]r of 0.5 mol/L was adequate for their dissolution.
Ca dissolved in the system increased rapidly with the
growth of [Ida” Jr. In order to restrict the dissolution of
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Fig. 3 Effect of total concentration of Ida>~ on Zn recovery

LS pMg)l(mgL™) p(NiJ(mgL™) p(Cu)(mgL™) p(Fe)(mgL™) p(Cd)(mgL™) p(Pb)(mgL™) p(Ca)(mgL™)

3 2.20 0.86 1.69
4 4.54 1.23 1.93
5 5.14 1.38 2.01
6 5.30 1.46 1.99
7 4.89 1.70 2.08

10.18 76.04 115.81 14.68
14.29 94.08 293.96 12.38
15.55 92.65 366.23 13.93
15.82 93.09 426.61 120.30
19.92 93.35 392.73 176.06

Table 5 Effect of [Ida® ]; on dissolution of impurities in leaching liquor

[1da’ Jo/(mol-L ") p(Mg)/(mg'L™") p(Ni)/(mg'L™") p(Cu/(mgL™") p(Fe)(mg'L™") p(Cd)(mgL™) p(Pb)/(mgL") p(Ca)(mgL ")

0.5 1.53 1.04 1.91
0.7 3.32 1.18 1.84
0.9 3.48 1.25 1.93
1.1 4.14 1.42 1.97
1.3 6.82 1.48 1.92
1.5 6.84 1.45 1.82

13.53 72.60 200.56 18.73
14.78 83.37 301.94 14.97
15.51 86.24 407.21 83.36
15.36 83.77 389.45 262.78
16.32 105.63 423.41 394.77
16.97 109.06 469.93 638.16
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Ca and enhance the leaching recovery of Zn, total
concentration of Ida*” of 0.9 mol/L was optimal.

3.4 Effects of temperature and pH
When temperature changed from 25 °C to 85 °C,
the ores were leached at different pH values for 4 h with

L/S of 5:1 and [Ida® ]; of 0.9 mol/L in Ida* —H,O system.

Leaching recovery of Zn and dissolution of impurities at
various temperatures are given in Fig. 4 and Table 6,
respectively. These results indicate that leaching
temperature and pH had a significant effect on the
dissolution of Zn and impurities in the system.

It seemed that there is nearly no formula in the
graphs of Zn leaching recovery under different
temperatures. But in some certain area, there are also
some similar rules among the figures under several
temperatures except for 25 °C and 85 °C. Leaching
recovery of Zn went up with the increase of pH under 25
°C, while that reversed on graph of 85 °C. For other
graphs of 40-70 °C, they all had areas where Zn
leaching recovery increased with the increase of pH, and
Zn leaching recovery decreased with the increase of pH,

therefore a peak of Zn leaching recovery can be obtained.
Interestingly, the peak of Zn leaching recovery emerged
around pH of 11, 10, 9, 8 and 7 sequentially on graphs of
25 °C to 85 °C, which cannot be explained by kinetics.
The reasons might be that the protonation of Ida*” with
H" was weakened with the increase of temperature in
Ida> —H,0O system, which caused more free ligand of
Ida®” be released by IDA at a higher temperature. More
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Fig. 4 Effects of pH and temperature on Zn recovery

Table 6 Effects of temperature and pH on dissolution of impurities in leaching liquor

Concentration/(mg-L ")

Temperature/°C pH -
Mg Ni Cu Fe Cd Pb Ca
7.26 6.43 0.77 1.06 6.09 13.04 401.42 1491.48
7.98 6.55 0.82 1.11 14.84 18.87 410.64 1175.95
25 9.05 5.92 0.87 1.22 5.76 28.34 339.75 980.02
10 5.63 0.97 1.36 2.15 71.08 237.38 583.52
10.94 4.47 1.09 1.83 0.53 102.23 147.27 129.32
6.46 7.81 0.90 1.58 14.10 54.71 515.57 1681.12
8.02 6.86 0.88 1.52 12.18 48.85 471.25 1044.79
40 8.96 6.56 0.98 1.62 7.71 77.41 373.94 555.22
10.03 5.22 1.15 1.84 0.65 101.72 189.02 61.99
11.94 0.50 1.15 1.67 1.25 98.47 85.75 36.10
6.94 5.72 1.02 2.00 15.55 82.37 543.03 1326.11
8.15 5.23 1.08 1.83 14.89 89.82 437.39 724.23
55 9.01 4.93 1.20 2.04 13.96 101.73 357.97 276.42
10.03 3.38 1.29 1.76 1.82 98.76 135.12 36.50
11.15 0.47 1.31 1.60 1.62 100.33 107.90 44.03
7.11 6.31 1.14 2.13 16.64 106.51 585.64 1479.81
8.04 6.71 1.23 2.45 15.82 87.77 438.52 338.05
70 9.04 6.73 1.37 2.38 15.92 103.08 300.81 26.18
10.1 4.98 1.35 1.70 0.58 91.22 130.55 36.68
11.08 1.33 1.16 1.68 1.39 90.61 81.08 36.87
7.3 7.64 1.26 2.59 14.73 105.66 582.30 1532.57
8.07 7.18 1.30 2.18 1591 104.75 436.60 292.00
85 9.01 6.00 1.41 2.06 9.76 95.07 302.59 24.05
10.2 6.28 1.34 1.05 1.52 89.86 94.99 7.86
10.92 0.50 1.29 0.95 1.12 78.56 71.60 11.71
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free ligand of Ida®™ at the higher temperature facilitating
the complexation of Ida®” with Zn*" happened in a lower
pH.

Moreover, Zn leaching recovery decreased rapidly
at 85 °C with the increase of pH, which seems that a
precipitation of Zn had been produced in the higher pH
in the system. Reference [17] reported the decreasing
tendency of [Zn']; (total concentration of Zn®") at
higher pH in Ida —H,O system in thermodynamics. In
order to verify this interpretation, some experiments
were conducted as follows. 50 mL leaching liquor
(obtained under condition: 20 g ore, 70 °C, pH 8, L/S 5:1
and [Ida’ ]t 0.9 mol/L) was used. Firstly, its pH was
adjusted by NaOH at 85 °C, then a precipitation emerged
at pH 9.5, solid-liquid separation was not taken out until
the pH reached 10. The precipitation was analyzed by
XRD (Fig. 5) after washing and atmospheric drying. The
result shows that the precipitation is ZnO. After
precipitation, the concentration of Zn decreased from 10
g/L to 2.2 g/L, and 78% Zn had been deposited from
leaching liquor. The verification test provided an idea for
recovering of Zn from leaching liquor.

Data in Table 6 show that pH had greater effects on
the dissolution of impurities in leaching liquor than
temperature. Concentrations of Mg, Fe, Pb and Ca in
leaching liquor declined with the increase of pH. The
dissolution rule of Cd was similar to that of Zn, both of
them decreased with the increase of pH at 85 °C.
Concentrations of Cu and Ni in leaching liquor were
stable because of their trace contents in ores. Actually,
during precipitating Zn as ZnO at higher temperature and
higher pH from leaching liquor, Cu and Ni can also be
deposited by absorptive coprecipitation with oxides or
hydroxides of Mg, Fe, Pb and Ca in residue of ZnO.

For enhancing the leaching recovery of Zn and
restricting the dissolution of Ca, temperature 70 °C and
pH 8 might be optimal.
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Fig. 5 X-ray diffraction pattern of precipitation

4 Conclusions

1) Leaching temperature and pH have large effects
on leaching recovery of Zn.

2) High content of basic gangue, acid gangue and
Fe in low grade zinc oxide ores are hardly dissolved in
weak basic Ida* —H,0 system. Valuable metals Cu, Ni,
Pb and Cd in ores are partially dissolved with Zn into
leaching liquor.

3) When 20 g ore is leached for 4 h under 70 °C in
the presence of 0.9 mol/L iminodiacetate aqueous
solution with pH 8 and L/S 5:1, the leaching recovery of
Zn reaches 76.6%.

4) Zn can be deposited as ZnO at higher
temperature and higher pH in zinc-contained Ida* —H,O
system, which helps for recovering Zn from leaching
liquor.
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