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Abstract. Flotation data on copper-bearing shale in aqueous solutions of inorganic electrolytes (NaCl, 
Na2SO4, KPF6, NH4Cl) and organic reagents (ethylamine, propylamine) as frothers were presented and 
discussed . The relationships between shale flotation, surface tension of aqueous solution and foam height 
during bubbling with air in the flotation system were presented. It has been found that flotation of shale in 
the presence of inorganic salts the yield was directly proportional to the surface tension of the aqueous 
solution of salt and inversely proportional to the height of the foam. On the other hand, for organic reagents 
solutions (short chain amines), a reverse effect has been observed in relation to the inorganic compounds 
studied, that is the yield of copper-bearing shale flotation and the foam height were inversely proportional 
to the surface tension of the amine solution. 

1 Introduction 

Salt flotation relies on flotation in saline solutions [1, 2] 
without the presence of additional reagents. Salt flotation 
mechanism and results depend on the type, concentration 
and foaming properties of the saline solutions. Inorganic 
salts can replace organic frothers in flotation but not all 
inorganic salts are good frothers [1, 2, 3, 4, 5, 6, 7]. From 
these works it can be seen that the salts that raise or lower 
the surface tension can cause, respectively, an increase or 
decrease of flotation of naturally hydrophobic minerals. 
The aim of this works, which is based on flotation results 
of Smolska and Ratajczak [6] and Witan and Ratajczak 
[7], was to compare the influence of inorganic and organic 
regents on flotation of naturally hydrophobic copper-
bearing shale and to determine how the flotation results 
depend on foaming and surface tension of these regents in 
aqueous solutions. 

2 Flotation of copper-bearing shale in 
solutions of inorganic electrolytes  

Flotation of copper-bearing shale, denoted by Drzymala 
et al. [8], as shale P, was carried out using a mono-bubble 
type Hallimond cell with a capacity of 200 cm3 and height 
of 36 cm. The investigations were carried out in distilled 
water and in the presence of aqueous solutions of NaCl, 
Na2SO4 at concentrations of 0.5 to 2 mol/dm3 and KPF6 at 
concentrations of 0.05 to 0.25 mol/dm3, that is up to its 
solubility limit. More precise description of methodology 
of investigations is given in the works of Smolska and 
Ratajczak [6] and Smolska [9]. 
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Fig. 1. Dependence of a) yield of flotation of copper-bearing 
shale [6], b) surface tension [6]; [2]; [10]; [11], c) foam height 
[6] on the concentration of the investigated salt solutions. 

 Smolska [9] investigated flotation and the height of 
foam during air bubbling through water containing salts 
that have different surface tension of aqueous solutions 
(Figure 1). Figure 1a shows that flotation yield decreases 
in the presence of KPF6 and increases in the Na2SO4 and 
NaCl aqueous solutions. A comparison of yield with foam 
height and surface tension indicates that the yield 
increases in the same manner as surface tension and 
decreases with foam height. 

3 Flotation of copper-bearing shale in 
solutions of organic reagents   

To determine the influence of organic regents on flotation, 
the tests were carried out in a Mechanobr flotation 
machine equipped with a 0.25 dm3 flotation cell. Reagents 
used for testing were ammonium chloride, as the first 
member of the normal short chain amines family and 
ethylamine as well as propylamine. For each flotation 30 
g of  -100 μm in sizw copper-bearing shale P was used. 
The time of flotation was 30 min. More details on 
methodology of flotation is given in the work of Witan 
and Ratajczak [7] and Witan [12]. 

Figure 2a shows the effect of concentration of 
ammonium chloride, ethylamine and propylamine on the 
yield of copper-bearing shale after 15 minutes of flotation. 
Figure 2b show the influence of concentration of the used 
frother surface tension change ( ) in relation to pure 
water while Fig. 2c the froth height. According to Fig. 2a, 
ammonium chloride makes the yield of shale slightly 
decreasing with a small rise in the froth height (Fig. 2c), 
while the surface tension increases (Fig. 2b). This agrees 
with the data obtained for inorganic salts show in Fig.1. 
On the other hand, for ethylamine and propylamine, for 
which the surface tension decreases with increasing 
concentration of frother (Figure 2b), a slight increase in 
yield is observed with increasing height of flotation froth  
(Figure 2c). 

a) 

b) 

c) 

Fig. 2. Effect of concentration of ammonium chloride, 
ethylamine and propylamine on a) yield of copper-bearing shale 
after 15 minutes of flotation [7], b) surface tension of their 
solutions [13 (for NH4Cl, at 25 °C); 14 (for C2H4NH2 at 30 °C, 
15 (for C3H7NH2, at 25 °C), c) froth  height after 5 minutes of 
shale flotation) [7]. 

4 Summary 
The results of the studies confirm influence of inorganic 
and organic reagents on flotation of copper-bearing shale. 
It was found that in the case of increasing concentrations 
of NaCl and Na2SO4, shale yield increases while for KPF6 
it decreases. Thus, it is shown that the yield of salt 
flotation of shale depends on the concentration and type 
of salt. It increases with increasing surface tension of salt 
and decreases as surface tension of salt solution decreases. 
However, the foaming of the salt solution increases with 
lower surface tension of the salt, that is, as in the case of 
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organic frothers. Thus, the flotation of the shale in 
solutions of inorganic salts depends on the concentration, 
type of salt and foaming, and in turn on the surface tension 
of the salt. 

Ammonium chloride behaves the same way as NaCl 
and other inorganic salts which increase surface tension. 
However, in the relations between yield, surface tension 
and froth height are different foe organic reagents. 
Ethylamine and propylamine, for which the surface 
tension decreases with increasing concentration, make 
flotation better while froth height increases.  

In addition, it can be noticed from Fig. 2 that the 
maximum yield of the flotation froth product in the 
presence of propylamine is higher than that in salmiac and 
ethylamine, indicating increasing  collecting properties  of 
amine with the increasing length of the hydrocarbon 
radical. 

This work was financed by the Polish Statutory Research Grant 
0401/0124/2016. 
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