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Abstract - In this research, the effect of different citric acid concentrations, ammonia concentration, 
temperature, leaching time, stirring speed and liquid-to-solid ratio on the zinc leaching from low-grade zinc 
oxide ore in a NH3-H3C6H5O7-H2O system were studied. The results showed that the zinc leaching rate is only 
4.7% when the citric acid concentration is 0 M, and the leaching efficiency of Zn increased with increasing 
citric acid concentration. Under the conditions: citric acid concentration of 1.0 M, ammonia concentration of 6 
M, temperature of 25 °C, leaching time of 60 min, stirring speed of 300 rpm and the starting solid-to-liquid 
ratio of 1:5, 81.2% of Zn is leached. The mineralogical changes of the low-grade zinc oxide ores during the 
processes were characterized by X–ray fluorescence (XRF), X–ray powder diffraction (XRD), Scanning 
Electron Microscopy associated with Energy Dispersive Spectroscopy (SEM–EDS) and Fourier transform 
infrared spectroscopy (FT–IR). From the evidence we deduced that citric ions complexed with zinc ions, 
forming a Zn-citrate complex. As a result, the zinc leaching rate was improved without the risk of pollution or 
pretreatment. This makes it as a good choice for a more ecological treatment of hemimorphite. 
Keywords: Low-grade zinc oxide ores; Hemimorphite; Ammonia leaching; Citric acid. 

 
 
 

INTRODUCTION 
 

Considering the huge reserves of low grade zinc 
oxide ores with high alkaline gangue (CaO and 
MgO) in the world (Li et al., 2010), which is hard to 
handle by the traditional zinc smelting methods, re-
covering zinc from low grade oxide zinc ores has 
been a matter of discussion recently. The leach-sol-
vent extraction-electro-winning process route is the 
most common method of extraction of zinc from 
low-grade zinc oxide ores (de Wet and Singleton, 
2008). This is a material which can be processed by 
flotation (Irannajad et al., 2009; Navidi Kashani and 

Rashchi, 2008; Li et al., 2013) and acid-leaching 
methods (Irannajad et al., 2013; Xu et al., 2010; Xu 
et al., 2012; Li et al., 2010; He et al., 2010; He et al., 
2011). However, sulfuric acid leaching could not ef-
fectively recover zinc from a low grade oxide ore 
because of substantial iron dissolution (Yang et al., 
2013). Because of the complexities of mineralogical 
composition and structure, separation of zinc oxide 
minerals from their gangues by flotation is an ex-
tremely complex process (Majid et al., 2014). Hence, 
with the high consumption of leaching acid, the treat-
ment of low-grade oxidized zinc ores by hydrometal-
lurgical methods is expensive and complex.  
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The application of alkaline leaching techniques 
has become an increasingly important aspect in the 
recovery of base and precious metals from complex 
low grade zinc oxide ores (Santos et al., 2010; Ding 
et al., 2010; Yin et al., 2010). However, alkaline 
leaching processing is often confronted with the 
problem of low-grade complex ores, especially zinc 
silicate. The low solubility of these ores does not 
usually allow for the recovery of the target metal, 
even by direct chemical leaching in many leaching 
reagents (Zhao et al., 2009). Extracting zinc from 
hemimorphite by leaching in sodium hydroxide solu-
tion requires high temperature, pressure and alkalin-
ity (Chen et al., 2009). Currently, hydrometallurgy in 
ammonia has been considered as a prospective me-
dium for the leaching of complex zinc ores of both 
oxide and sulfide types (Li et al., 2014). 

The use of organic acids for the extraction of 
metals has been studied by many researchers. It was 
reported that low molecular weight citric acid has 
been found to be effective in removing heavy metals 
by forming soluble complexes and chelates with 
metal ions (Chen et al., 2003; Hongki et al., 2013), 
and there is no concern about environmental prob-
lems after the treatment. Citric acid was found to be 
more active than H2SO4. In hydrometallurgical treat-
ments, the ability to recover metals or metal oxides 
depends on their chemical reactivities (Larba et al., 
2013). So citric acid seems more appropriate to use 
as a less costly and more environmentally friendly 
leachant. 

Several papers have been published on the coor-
dination of citric acid and transition metals, lead 
citrate (Kourgiantakis et al., 2000), tungsten citrate 
(Zhang et al., 2003), aluminum citrate (Matzapetakis 
et al., 1999) and germanium citrate (Willey et al., 
2001). Based on previous work, a new hydrometal-
lurgical process for low-grade zinc oxide ore is put 

forward. In this work, the effect of the concentration 
of citric acid, ammonia concentration, temperature, 
leaching time, stirring speed and liquid-to-solid ratio 
on the leaching of zinc from low grade zinc oxide 
ore in the NH3-H3C6H5O7-H2O system was studied. 
The aim of this work was to develop a new hydro-
metallurgical technology, which intends to provide a 
green and economic method to extract zinc from 
low-grade zinc oxide ores. 
 
 

MATERIALS AND METHODS 
 
Experimental Materials 
 

The low-grade zinc oxide ores used were given 
by Lanping County of Yunnan Province, China. The 
main chemical composition of the low-grade zinc 
oxide ores obtained by chemical analysis is listed in 
Table 1. It can be observed that silica (SiO2) and a 
high content of alkaline gangues (CaO + MgO) are 
the main components of the ore. The zinc content in 
this ore, around 6.01%, is considered to be low for a 
successful pyrometallurgical treatment for zinc re-
covery (Dutra et al., 2006), which leads to the greater 
interest in the hydrometallurgical treatment. The XRD 
spectrum of the low-grade zinc oxide ore is shown in 
Figure 1. The XRD analysis shows that silica (SiO2), 
calcium carbonate (CaCO3), lead carbonate (PbCO3), 
and hemimorphite (Zn4Si2O7(OH)2·H2O) are the main 
chemical components. Table 2 for the mineral com-
position in zinc shows that the ore contains mainly 
67.55% hemimorphite (Zn4Si2O7(OH)2·H2O), 29.78% 
zinc carbonate (ZnCO3), 1.53% zinc sulfide (ZnS), 
and 1.05% Franklinite ( ZnFe2O4). Other zinc-con-
taining phases, which, on the basis of the chemical 
analysis, could be present (Table 1) are probably be-
low the detection limit. 

 
 

Table 1: Chemical analysis of the main elements present in the zinc oxide ore. 
 

Element O Si Ca Fe Zn Pb Al C Mg S 
Weight 

(mass %) 46.73 13.03 9.19 8.11 6.01 6.41 4.43 4.30 0.52 0.45 

 
 

Table 2: Main mineral composition of zinc in ore sample. 
 

Phase composition (Zn4Si2O7(OH)2·H2O) ZnCO3 ZnS ZnFe2O4  
Zn Content (mass %) 4.06 1.79 0.092 0.063 
Phase occupation ratio (%) 67.55 29.78 1.53 1.05 
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Figure 13: (a) SEM image of the leaching residue, EDS mapping of O (b), Si (c), Al (d), Ca (e), Pb 
(f), Zn (g). 

 
 

CONCLUSIONS 
 

The dissolution behavior of low grade zinc oxide 
ores in the NH3-H3C6H5O7- H2O system was investi-
gated. 

(1) The concentration of citric acid was found to 
have an important role in low-grade zinc oxide ore 
dissolution, maximizing at 1 M, and a zinc leaching 
efficiency of about 81.2% was obtained, under the fol-
lowing leaching conditions: ammonia 6 M, tempera-
ture of 25 °C, leaching time of 60 min, stirring speed 
of 300 rpm and solid to liquid ratio of 1:5. The zinc 
leaching efficiency increased with the increase in cit-
ric acid concentration, liquid-solid mass ratio, leach-
ing time, stirring speed and ammonia concentration. 

(2) The FT-IR spectra reflect the changes in the 
structural group units and justify the leaching mecha-
nism for zinc dissolution, and the complex demon-
strated that the Zn (II) ion is coordinated. Three 
strong FT-IR bands at 1579 cm-1 and 1397cm-1 were 

found and they were assigned to a zinc–citrate com-
plex in the aqueous solution. 

(3) The results of XRD, IR, and SEM/EDS ex-
periments indicate that hemimorphite is soluble, and 
the oxides of Si, Ca, Pb, Fe and Al are the main 
minerals in the leaching residue that are undissolved. 
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NOMENCLATURE 
 

Znη   leaching rate of zinc, (%) 
ZnC   zinc concentration of leaching solution 

(g/L)
V the leaching volume, (L) 

0
ZnC   the zinc content of the low-grade zinc  

oxide ore (%)
m the mass of the low-grade zinc oxide ore 

(G) 
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