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Abstract: The flotation behavior and mechanism of sodium silicate on scheelite, fluorite and calcite were investigated by 
flotation tests, Zeta potential and XPS. The flotation experiment results show that the recovery of scheelite is higher than 
80%, but the recoveries of fluorite and calcite are less than 10% and 26%, respectively, when Na2SiO3 dosage is greater 
than 2.5 g/L with collector 731 in the pH range of 9.7�10.3. The results of Zeta potential measurement show that Zeta 
potentials of scheelite shift negatively a little, however, the Zeta potentials of fluorite and calcite shift to more negative 
values in presence of sodium silicate, which indicates that sodium silicate is more easily adsorbed on the surface of 
fluorite and calcite. The results of XPS show that the Si 2p peaks are found on the surface of fluorite and calcite in 
presence of sodium silicate, and Si relative contents are 6.81% and 4.72%, respectively, but the Si relative concentration 
on the scheelite surface is only 0.35%, and Ca 2p3/2 binding energy shifts of scheelite, fluorite and calcite are 0.26, 0.41 
and 0.55 eV, respectively. According to the results of XPS, it can be concluded that sodium silicate is absorbed on the 
scheelite surface by physical adsorption, but it is absorbed on the fluorite and calcite surface by chemical adsorption. 
Therefore, sodium silicate can be used to separate scheelite from fluorite and calcite for selective depression fluorite and 
calcite. 
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1  731 pH

 

Fig. 1  Recovery of calcium minerals as function of pH value 

in presence of collector 731: (a) �(731)=75 mg/L, without 

Na2SiO3; (b)�(731)=75 mg/L, �(Na2SiO3)=0.5 g/L 

 

 

2  �(731)=75 mg/L pH 9.7~10.3 731

 

Fig. 2  Recoveries of scheelite (a), fluorite (b) and calcite (c) 

as function of Na2SiO3 concentration in presence of collector 

731 at �(731)=75 mg/L and pH value of 9.7�10.3 

 

 

3  pH 9.7~10.3 731

( 1:1:1)  

Fig. 3  Results of flotation separation of scheelite, fluorite and 

calcite mixture mineral (mass ratio of 1:1:1) as function of 

concentrations of Na2SiO3 or collector 731 and pH value of 

9.7�10.3: (a) �(731)=75 mg/L; (b) �(Na2SiO3)=0.75 g/L 
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Fig. 4  Zeta potentials of scheelite (a), fluorite (b) and calcite 

(c) as function of pH value 
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5  XPS  

Fig. 5  XPS patterns of scheelite before and after reacting with 

Na2SiO3 

 

1   

Table 1  Binding energy of elements in scheelite before and 

after reacting with Na2SiO3 

Mineral Atomic orbital Binding energy/eV Offset/eV

Ca 2p3/2 346.82  
W 4f 35.28  Scheelite 

O 1s 530.28  
Si 2p 101.7  
O 1s 531.1  Na2SiO3 

Na 1s 1071.19  
Ca 2p3/2 347.08 0.26 

W 4f 35.38 0.1 
0.3 

O 1s 530.58 
�0.52 

Si 2p 102.01 0.31 

Scheelite+ 
Na2SiO3 

Na 1s 1071.52 0.33     
 

 
6  XPS  

Fig. 6  XPS patterns of fluorite before and after reacting with 

Na2SiO3 
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Table 2  Binding energies of elements in fluorite before and 

after reacting with Na2SiO3 

Mineral Atomic orbital Binding energy/eV Offset/eV

Ca 2p3/2 348.07  
Fluorite 

F 1s 685.08  

Si 2p 101.7  

O 1s 531.1  Na2SiO3 

Na 1s 1071.19  

Ca 2p3/2 348.48 0.41 

F 1s 685.44 0.36 

O 1s 532.25 1.15 

Si 2p 102.91 1.21 

Fluorite+ 

Na2SiO3 

Na 1s 1072.47 1.28     
 

7 XPS
3

7
Si 2p Si 3 

 

 

7  XPS  

Fig. 7  XPS patterns of calcite before and after reacting with 

Na2SiO3 
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3   

Table 3  Binding energy of elements in calcite before and 

after reacting with Na2SiO3 

Mineral Atomic orbital Binding energy/eV Offset/eV

Ca 2p3/2 346.47  

C 1s 284.43  Calcite 

O 1s 530.91  

Si 2p 101.7  

O 1s 531.1  Na2SiO3 

Na 1s 1071.19  

Ca 2p3/2 347.02 0.55 

C 1s 284.84 0.41 

0.51 
O 1s 531.42 

0.31 

Si 2p 102.6 0.9 

Calcite+ 

Na2SiO3 

Na 1s 1071.99 0.8     
 

Ca 2p3/2 C 1s
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0.55 0.41 0.51 eV
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