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Abstract: The pre-treatment of zinc oxide bearing ores with high slime content is important to ensure that resources are utilized optimally. 
This paper reports an improved process using hydrocyclone de-sliming, dispersion reagents, and magnetic removal of iron minerals for the 
pre-treatment of zinc oxide ore with a high slime and iron content, and the benefits compared to traditional technologies are shown. In addi-
tion, this paper investigates the damage related to fine slime and iron during zinc oxide flotation, the necessity of using hydrocyclone 
de-sliming together with dispersion reagents to alleviate the influence of slime, and interactions among hydrocyclone de-sliming, reagent 
dispersion, and magnetic iron removal. Results show that under optimized operating conditions the entire beneficiation technology results in 
a flotation concentrate with a Zn grade of 34.66% and a recovery of 73.41%. 
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1. Introduction

Zinc is an important metal that ranks fourth in terms of
global consumption. Metallic zinc has many uses and is 
frequently employed in the production of alloys, galvaniza-
tion, to increase the environmental resistance of steel struc-
tures, and as a chemical additive in rubber and paints [1]. 

Zinc is primarily harvested as a sulfide mineral source, 
and separating sulfide minerals from gangue is a simple 
procedure conducted using conventional flotation tech-
niques. However, with the depletion of sulfide ores, bene-
ficiation of oxidized zinc ores has becoming an increasing 
focus of attention in recent years [2]. Three basic zinc 
oxide ore types are of economic value: hemimorphite, 
smithsonite, and willemite [3]. Use of a leaching/solvent 
extraction/electro-winning process is the most common 
method of extraction of zinc from low-grade zinc oxide 
deposits. The application of whole-ore-leaching is consi-
dered likely to be uneconomical, so separation of ac-
id-consuming gangue minerals prior to leaching is essen-
tial to ensure the successful recovery of zinc from these 
deposits [4].  

Flotation is another commonly used method for benefici-
ation and pre-treatment of oxidized zinc minerals, and ex-
tensive investigations have been conducted on the flotation 
of zinc oxide ores [5–8]. A number of methods employed for 
the flotation of the oxide minerals of the base metals have 
been reported, and the most important of these have been 
used over a long time period and are as follows [9]: sulfidi-
zation, using fatty acids as collectors, and using chelating 
agents and mixed anionic/cationic collectors. However, the 
selection of a suitable flotation method greatly depends on the 
accompanying gangues of the main zinc oxide mineral [8]. In 
addition, the flotation of oxidized zinc minerals is usually 
much more difficult than the flotation of corresponding sul-
fide minerals [6]. The most common flotation technique 
used commercially for the treatment of zinc oxide minerals 
is that of sulfidization with Na2S, followed by treatment 
with conventional cationic collectors, such as amine. 
Amines can be used for floating oxides, carbonates, silicates, 
and alkali earth metals such as barite, carnallite, and sylvite, 
and a mixture of amines and xanthates can be used as a col-
lector [7]. Amine salts and organic ammonium compounds 
are very sensitive to the pH value of the medium and are 



most active in slightly acid solutions but inactive in strongly 
alkaline and acid media. Therefore, the amount of sulfidiz-
ing reagent and pH value of the pulp needs to be carefully 
controlled during amine flotation.  

Zinc oxide ores are relatively abundant in China, but 
currently only ores with a zinc content greater than 10% are 
considered for economic use. As a result, there is a mass of 
low-grade zinc oxide ore (with a zinc content of less than 
10%) that is abandoned in situ as waste residue, and is 
mainly rejected because of the high slime and iron oxide 
mineral content [10]. This not only represents a waste of re-
sources but also has adverse effects on mine safety and 
causes environmental pollution.  

Flotation is a conventional and economical method used for 
separating oxidized zinc minerals from their gangues [11–12]. 
However, it is difficult to conduct for ores with a high slime 
content because of the large number of fine particles that 
possess large surface areas and cause a so-called “slime 
coating phenomenon” [2,13]. It is also difficult to treat zinc 
oxide ores containing a high content of iron oxide minerals 
such as limonite or goethite, due to the competitive flotation 
behavior of the iron oxides during the process [10].  

Oleic acid is the most suitable fatty acid used in the flota-
tion of oxidized zinc minerals. In this system, pH value is 
the controlling parameter, because it controls the surface 
charge of the adsorption layer and determines flotation per-
formance. Dissolved ions play a critical role, and characte-
rization of the interaction between dissolved ions and min-
erals is indispensable to achieve successful selective oleic 
acid flotation [9].  

Previous research has attempted to solve the problem of 
slimes by using different types of concentrators, such as a 
spiral chute, a shaking table, or a hydrocyclone [14–16]. 
Others have found that dispersion using different reagents 
such as sodium silicate, sodium hexametaphosphate, or so-
dium tripolyphosphate can be used to alleviate the damage 
caused by slimes to flotation [17–18]. However, no litera-
ture to date has reported the use of magnetic separation to 
remove iron oxide minerals associated with zinc oxide ore 
prior to flotation.  

The aim of this paper, therefore, is to develop an im-
proved processing technique used prior to flotation of zinc 
oxide obtained from low-grade zinc ores with a high content 
of slime and ferric oxide. This improved technique uses a 
combination of cyclone de-sliming, reagent dispersion, and 
removal of iron via magnetic separation, and is followed by 
use of a conventional oxidized zinc ore flotation process. 
Results show that this approach enables utilization of this 
particular oxidized zinc ore and that the process is technolo-

 

gically viable and economically cost-effective. 

2. Experimental

2.1. Materials 

The zinc oxide ore residue sample used in this study was 
obtained from Yunnan Province, China. It has a chemical 
composition of 0.46wt% Pb, 6.57wt% Zn, and 19.51wt% 
Fe2O3. A phase analysis of the zinc minerals is listed in 
Table 1, showing that most of the zinc exists in the form of 
zinc oxides. Microscopic examination shows that the major 
metallic minerals are smithsonite and limonite; minor metal-
lic minerals are hemimorphite, cerusite, galena, sphalerite, 
and goethite; and gangue minerals are quartz, calcite, kaoli-
nite, chlorite, sericite, and serpentine. The sample contains a 
slime fraction of up to 30wt% (< 5 μm), and the zinc ore is 
associated with iron. Furthermore, a phase analysis of the 
sample indicates that more than 95% of the zinc minerals 
are oxides. 

Table 1.  Phase analysis of zinc minerals 

Mineral Content / wt% Distribution rate / %

Smithsonite 5.13 78.08

Zinc silicate 1.14 17.35 

Zinc sulfide 0.20 3.05 

Zinc ferrite and others 0.10 1.52 

Total Zn 6.57 100.00 

2.2. Methods 

The zinc oxide ore residue was firstly ground in a ball 
mill; the distribution of particle size after grinding is shown 
in Table 2, which indicates that around 30.02% of the min-
erals are finer than 5 m. The size distribution of the slurry 
(consisting of 72% −74 m, 30% −5 m) was analyzed us-
ing a 1064L laser particle size analyzer, and the slurry was 
then introduced to a 100 mm hydrocyclone for de-sliming. 
The resulting de-slimed zinc oxide ore was subsequently 
treated in a SHP-500 high intensity magnetic separator to 
remove iron, and the residual slurry was then fed to a flota-
tion circuit using Na2SiO3 and (NaPO3)6 as dispersion rea-
gents [19] and Na2S as the sulfidizing reagent. Finally, a 
modified primary octadecyl amine (named XQ201) was 
employed as the collector [20]. Fig. 1 is a flowsheet show-
ing the process used to treat the ore sample. 

A sample weighing 20 kg was ground for each 
de-sliming experiment. The feed, overflow, and underflow 
were then sampled and analyzed for the Zn content, and the 



size distribution was analyzed using a JL-1166 laser particle 
size analyzer. 

To remove iron, a sample weighing approximately 2 kg 
of de-slimed ore was used in the magnetic separator for se-
paration at 15000 Gs. The magnetic product of the rougher 
(crude concentrate) was continually treated using the same 
magnetic separator at the same magnetic field strength to 
improve separation. The feed, the final magnetic product, 
and the mixed non-magnetic product were then filtered, 
dried, weighed, and analyzed to determine Zn and iron (as 
Fe2O3) contents. 

Table 2.  Particle size distribution of zinc oxide residue after 
grinding 

Particle size / 
m 

Production / % Zn grade / % 
Zn distribution 

rate / % 

74 27.98 9.56 40.74

74–37 12.30 7.25 13.57

37–19 13.50 7.12 14.63

19–5 16.20 6.88 16.96

–5 30.02 3.08 14.07

Total 100.00 6.57 100.00

Fig. 1.  Flowsheet of the beneficiation technology used to treat zinc oxide ore residue. 

3. Results and discussion

3.1. Effect of slime on ZnO flotation 

Batch flotation tests were conducted on ore samples with 
a variable content of −5 μm slime to evaluate the effect of 
slime on ZnO flotation (Fig. 2). The sample containing the 
highest content of −5 μm slime (68.3%) was found to yield 
the worst separation (zinc grade of 7.60% and a recovery of 
16.00%), while that with the lowest −5 μm (16%) content 
yielded the best flotation result (zinc grade of 18.20% and 
recovery of 70.10%). These results indicate that slime se-
verely hinders zinc oxide flotation and that the de-sliming 
step is useful for obtaining better flotation selectivity.  

Fig. 2.  Effect of slime on ZnO flotation (Na2SiO3, 150 g/t; 
(NaPO3)6, 300 g/t; Na2S, 6000 g/t; XQ201, 600 g/t; pine oil, 100 g/t). 



3.2. Hydrocyclone de-sliming tests 

Three de-sliming tests were conducted using a hydro-
cyclone at a pressure of 0.2 MPa and an unchanged over-
flow diameter of 20 mm (Table 3). Results showed an in-
crease in the removal rate of −5 μm slime in the overflow 
with an increase in the yield of the overflow, while the 
amount of zinc lost in the overflow also increased. It was 
shown that although a good degree of de-sliming can be ob-
tained using the hydrocyclone, a high removal rate of fine 
slime cannot be obtained together with a low loss rate of 
zinc in the overflow. Therefore, dispersion reagents after 
cyclone de-sliming are necessary and should be considered. 

3.3. Effect of dispersion on zinc oxide flotation 

To ensure that less than 8% of zinc was lost in the over-

flow, another batch set of flotation tests for de-slimed ore 

 

samples (containing nearly 24% of −5 μm) was conducted in 
which dispersants (Na2SiO3 or (NaPO3)6) were added at do-

sages varying from 0 to 900 g/t (Fig. 3). Results showed that 

not only was a very low zinc grade (about 14.80%) obtained, 

but also a very low zinc recovery rate (29.30%) was achieved 

in the absence of a dispersant. There was still more than 24% 

of −5 μm fine particles remaining in the underflow after 

de-sliming, which could be detrimental for the downstream 

flotation process. It was also found that increasing the dosage 

of dispersant led to an increase in both the zinc grade and zinc 

recovery, until both reached a maximum value at a dosage of 

approximately 450 g/t. According to Peres et al. [17], adding 

dispersants to the pulp causes a more negative charge on the 

surface of fine particles, which leads to electrostatic repulsion 

and reduced coagulation of fine particles; thereby jointly re-

sulting in a restriction of the slime coating effect. 

Table 3.  Results of hydrocyclone de-sliming tests 

No. UF diameter / mm Product Yield / % –5 μm slime / % Zinc assay / % –5 μm slime removed in OF / % Zinc lost in OF / %

1 10 
OF 35.15 56.42 5.46 

65.65 29.19
UF 64.85 16.00 7.18 

2 12
OF 20.32 73.48 5.34 

49.26 16.54
UF 79.68 19.30 6.87 

3 14
OF 9.86 84.95 5.21 

27.83 7.82
UF 90.14 24.10 6.72 

Note: OF―overflow; UF―underflow. Pressure, 0.2 MPa; OF diameter, 20 mm. 

Fig. 3.  Effect of dispersion on zinc oxide flotation (Na2S, 6000 g/t; 
XQ201, 600 g/t; pine oil, 100 g/t). 

The dissociation of water glass (modulus 1) in water 
produces Na+ and 2

2 4H SiO  . Furthermore, as a function of 
pH value, anion 2

2 4H SiO   hydrolyses in two steps to 

3 4H SiO  and H4SiO4. At pH values below 9, the predomi-
nant specimen in the solution is silicic acid [21–22]. 

Sodium hexametaphosphate (NaPO3)6 is a long-chain in-
organic salt and a spiral chain polymer derived by polyme-

rization from numerous basic structural units; it can be ex-
pressed as (NaPO3)n, where n = 20−100. Sodium hexame-
taphosphate has a good capacity for complexation with met-
al ions, including calcium ions, magnesium ions, and other 
metal ions, thereby generating soluble complexes. In this 
study, two explanations were used for the synergistic action 
mechanism of sodium hexametaphosphate and water glass 
on the flotation of zinc oxide ore. Firstly, a certain amount 
of metal ions are dissolved and selectively attached to the 
dissociation products of water glass; secondly, sodium 
hexametaphosphate adsorbs on the surface of zinc minerals, 
which not only results in a change of the ζ potential of min-
erals, but also changes the space steric hindrance [23–24]. 

3.4. Effect of iron minerals on ZnO flotation 

Further batch flotation experiments (Fig. 4) were con-
ducted to evaluate the influence of iron minerals on ZnO 
flotation. Results showed that when Fe was removed from 
the ore it had better flotation selectivity than ore with Fe; 
iron removal after cyclone de-sliming is useful for obtaining 
better flotation selectivity.  



Fig. 4.  Effect of iron minerals on ZnO flotation (Na2SiO3,  
150 g/t; (NaPO3)6, 300 g/t; Na2S, 6000 g/t; XQ201, 600 g/t; pine 
oil, 100 g/t). 

An iron removal test (Table 4) using magnetic separation 
was also conducted on the de-slimed ore sample (SHP-500 
high intensity magnetic separator at 15000 Gs). Results in-
dicated that Fe was enriched to more than 56.00% by mag-
netic separation in the final magnetic product, which con-
tained 80.08% Fe2O3, and there was a simultaneous loss of 
zinc of 9%. 

Table 4.  Effect of magnetic removal on zinc beneficiation 

Product Yield / % 
Grade / % Recovery / % 

Zn Fe2O3 Zn Fe 

Feed 100.00 6.65 22.30 100.00 100.00

Final magnetic 
product 

15.79 4.09 80.08 9.00 56.00

Mixed 
non-magnetic 

products 
84.21 7.13 11.47 91.00 44.00

Note: SHP-500 high intensity magnetic separator at 15000 Gs. 

3.5. Effect of re-grinding on ZnO flotation 

Two tests were conducted to evaluate the effect that 
re-grinding the tailing from the 1st flotation stage had on the 
results of the 2nd ZnO flotation stage, and the grade–recovery 
correlation curves for each test are given in Fig. 5. For tail-
ings without re-grinding, a concentrate containing 18.53% 
Zn was obtained, with 37.69% of Zn recovered, whereas for 
tailings with re-grinding a concentrate containing 22.53% 
Zn, with 67.27% of Zn recovered was obtained. 

3.6. Overall results of entire beneficiation technology 

The overall results of the entire beneficiation technology 
(Table 5) show that a Zn flotation concentrate bearing about 
34.66% Zn was produced, from which more than 73.41% of 
zinc from the Run of Mine was recovered. The magnetic 

product (containing 80.08% Fe2O3) can be sent to a steel 
smelter as raw material, and the zinc within the magnetic 
product can be recovered from smelting dust using other 
physical or chemical methods [25–26]. 

Fig. 5.  Effect of re-grinding on ZnO flotation (Na2SiO3,   
150 g/t; (NaPO3)6, 300 g/t; Na2S, 6000 g/t; XQ201, 600 g/t; pine 
oil, 100 g/t). 

Table 5.  Results of the entire beneficiation technology 

Product Yield / %
Grade / % Recovery / % 

Zn Fe2O3 Zn Fe2O3

Original ore 100.00 6.58 22.68 100.00 100.00

Slime 9.86 5.21 24.92 7.80 10.84
Magnetic 
product 

14.23 4.09 80.08 8.84 50.25

Flotation 
concentrate

13.94 34.66 7.51 73.41 4.62

Flotation 
tailing 

62.97 1.04 12.35 9.95 34.29

4. Conclusions

(1) A high removal rate of fine slime cannot be obtained
together with a low loss rate of zinc in the overflow; there-
fore, reagent dispersion after cyclone de-sliming is neces-
sary and should be considered.  

(2) Iron removal after cyclone de-sliming is useful for
obtaining better flotation selectivity. Magnetic separation 
was used to obtain a magnetic product bearing 80.08% 
Fe2O3, and the simultaneous loss of zinc was less than 10%.  

(3) The entire beneficiation technology results in a Zn
flotation concentrate bearing a Zn content of about 
34.66%, with the zinc recovery from the original ore of 
more than 73.41%. 

(4) This study succeeds in developing an improved
processing technique prior to flotation of zinc oxide from 
low-grade zinc ores with a high content of slime and fer-
ric oxide. This approach can be applied to similar ore 
types globally. 
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