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Abstract: Fluorite and calcite have similar surface properties and natural floatability, so their flotation 

separation has always been a problem faced by the beneficiation industry. The key to flotation 

separation is the choice of depressants. Sodium hexametaphosphate (SHMP) has a good effect on 

fluorite calcite selective inhibition. In this paper, the effects of Zn2+ on the selective inhibition of SHMP 

in the flotation process of fluorite and calcite were studied through single mineral and artificial mixed 

mineral flotation experiments. Solution chemical calculation, X-ray photoelectron spectroscopy (XPS), 

Fourier Transform Infrared spectroscopy (FT-IR) and Time of Flight Secondary Ion Mass Spectrometry 

(ToF-SIMS) analyses investigated the mechanism of action of Zn2+, which had the most significant 

negative effect on the selective inhibition of SHMP. The results show that the main components of 

SHMP inhibiting minerals are HPO4
2- and H2PO4

-, which can react with Ca active sites on the mineral 

surface to form hydrophilic Ca(H2PO4)2 and CaHPO4, while Zn2+ The presence of HPO4
2- in solution 

resulted in the formation of stable ZnHPO4 complexes, thereby weakening the inhibitory effect of SHMP 

on minerals. 

Keywords: fluorite, calcite, sodium hexametaphosphate, flotation, metal ions 

1. Introduction 

Fluorite (CaF2) is one of the main sources of fluoride. Fluorine is widely used in special plastics, rubber, 

refrigeration (Freon), aviation, medicine and other industries (Gagnon et al., 2003; Pérez Muñoz et al., 

2020; Tasker, 1980). Fluorite is a non-renewable resource, so most countries have taken protective 

measures when developing and utilizing fluorite resources (Güleç & Oğuzhanoğlu, 2021). With the 

continuous development of the world economy, the continuous deepening of resource development 

and the continuous expansion of the application field of fluorine, the demand and consumption of high-

quality fluorite are also showing a continuous growth trend, which makes the rational development 

and utilization of fluorite resources particularly important(Gao et al., 2018; Gao et al., 2021; Tasker, 

1980). 

Calcite (CaCO3) is a common carbonate gangue mineral, usually associated with fluorite (Gao et al., 

2016; Jiang et al., 2018; Pugh & Stenius, 1985). Most of the associated fluorite deposits are calcite type 

fluorite ore (Sun et al., 2021; Wang et al., 2018). Because calcite has similar surface properties and natural 

floatability to fluorite, its flotation separation has always been one of the most difficult problems in the 

mineral processing industry (Grayson, 1956; Sun et al., 2021). 

When the calcite content in fluorite ore is high, conventional calcite depressants such as water glass 

are difficult to effectively separate fluorite and gangue minerals and obtain qualified concentrates due 
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to poor selectivity. In order to improve the concentrate grade, it is necessary to increase the number of 

cleaner when designing the flotation process, but this will lead to a decrease in the recovery rate of 

fluorite. Therefore, the selection of a suitable calcite depressants is the key to obtain a good separation 

index. 

Sodium Hexametaphosphate(SHMP) is a water-soluble inorganic compound, which has a strong 

selective inhibitory effect on carbonate and silicate gangue minerals (Foucaud et al., 2019; Li et al., 2020; 

Yao et al., 2020). Gao et al. ( 2016) used octylhydroxamic acid (HXMA-8) and sodium oleate (NaOL) as 

collectors and SHMP as a depressant to separate scheelite and calcite by flotation. The recovery rate and 

grade of the obtained scheelite were up to 83% and 79%, achieving selective separation of scheelite and 

calcite. Kang et al. (Kang et al., 2019) used NaOL mixed with oleamide at a mole ratio of 2:1 as collectors. 

And SHMP as a depressant to further enhance the floatability difference of scheelite with calcite. With 

the absence of SHMP, the recovery of scheelite remained above 85% and the recovery of calcite was 

reduced to 20%. 

 Using SHMP as a calcite depressant can achieve better separation results in laboratory tests (Gao et 

al., 2021; Kang et al., 2019; Wang et al., 2021). However, SHMP has not yet been popularized or applied 

in the industrial production of calcite-type fluorite ore. The reason is that the slurry environment in 

industrial production is complex, and the presence of interfering ions is an important factor that cannot 

be ignored (Shi et al., 2013; Xun et al., 2021). The metal ions in the pulp often affect the effect of the 

flotation reagents. The metal ions may consume the collectors or depressants in the pulp, making the 

beneficiation reagents ineffective, thereby affecting the separation results (Sun et al., 2021; Xu et al., 

2020; Zhang et al., 2018). 

In this paper, fluorite and calcite were used as the research objects, and NaOL was used as the 

collector to explore the effect of common metal ions Zn2+ in industrial pulp on the depression effect of 

SHMP. Studied by solution chemical calculation, X-ray photoelectron spectroscopy (XPS), Fourier 

transform infrared spectroscopy (FT-IR) and time-of-flight ion secondary ion mass spectrometry (ToF-

SIMS). The mechanism of action of metal ions provides theoretical guidance and new viewpoints for 

the flotation separation of fluorite and calcite. 

2. Methods  

2.1. Materials 

The fluorite and calcite used in the test were taken from Yunnan, China. The mineral samples were 

prepared as follows: first, the minerals were crushed into 2mm particles with a hammer, and the impure 

particles were manually removed under a microscope. Then the samples were ground using a three-

head grinder (XPM-Φ120×3, China) and graded to obtain two particle size fractions (38~74 µm and < 38 

µm). Use samples with fractions of 38 to 74 µm for micro-flotation experiments, and use samples with 

fractions of < 38 µm for subsequent detection and analysis. 

The prepared single minerals were analyzed by X-ray diffractometer (Empyrean, Malvern 

Panalytical), and the analysis results are shown in Fig. 1. Fig. 1(a) and (b) show that only the diffraction 

peaks of fluorite and calcite are detected. The chemical components of the fluorite sample detected by 

XRF analysis were 99.906% CaF2, 0.046% Si, 0.026% Al, 0.019% Fe and 0.002% Sr. The chemical 

components of the calcite sample detected by XRF analysis were 99.748% CaCO3, 0.160% MgO, 0.032% 

SiO2, 0.020% Fe2O3, 0.019% SrO, 0.015% MnO and 0.006% ZnO. Respectively, indicating that the fluorite 

single mineral and calcite single mineral have high purity and meet the requirements of experimental 

research. 

The purity of the chemicals used in the experiments were all analytical grades. The collector is NaOL, 

the depressant is SHMP, the pH adjuster is sulfuric acid (H2SO4) or sodium hydroxide (NaOH). zinc 

sulfate (ZnSO4·7H2O) to simulate the metal ions Zn2+ in the actual industrial pulp. 

2.2. Micro-flotation experiments 

Micro-flotation experiments of the single minerals and artificially mixed ore were carried out using a 

RK/FGC5-35 flotation machine. The flotation conditions were room temperature, the impeller speed of 

the flotation machine was 1600r/min, the particle size of the minerals used in the flotation test was -

74+38µm, and the pH of the pulp was monitored with a pH meter (PHS-3C, Rex Electric Chemical). The  
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Fig. 1. XRD patterns of (a) pure fluorite and (b) pure calcite sample 

test method is as follows: add 2g single mineral sample or artificial mixed mineral sample (1g fluorite + 

1g calcite) and 60mL deionized water (18.25MΩ) into the flotation cell, adjust the pH of the pulp with 

apH adjuster, and then add a depressant to stir 2min, followed by adding collector and stirring for 2min, 

followed by aeration (flow rate of 15cm3/min) and manual scraping for 3min. After that, the concentrate 

and tailings were filtered, dried and weighed, and the recovery rates of single minerals and artificial 

mixed ore were calculated by formulas 1 and 2. 

𝜀 =
𝑚1

𝑚1+𝑚2
× 100%                                  (1) 

𝜀 =
𝑚1×𝛽

(𝑚1+𝑚2)×𝛼
× 100%                                (2)   

where m1 and m2 are the masses of the concentrate and tailings, respectively, and α and β are the grades 

of the feed and concentrate of fluorite, respectively. 

2.3. Calculations of solution chemistry 

In this paper, the form and content of each component in the binary solution system of metal ions and 

SHMP under different pH values were calculated by Visual MINTEQ software. Visual MINTEQ is a 

software developed by the National Environmental Agency of the United States, which has been widely 

used to simulate the ion and mineral balance in the environmental water balance solution. The software 

has a powerful database of equilibrium constants, including liquid complexation, 

dissolution/precipitation, oxidation/reduction, 

gas-liquid phase equilibrium and adsorption and other equilibrium reactions. It can theoretically 

calculate the chemical interaction by equilibrium constant, Gibbs free energy and other thermodynamic 

data, and judge the chemical morphology distribution by mass interaction expression, predict the 

adsorption of metal ions and metal ion complexes. 

2.4. XPS analysis 

Samples detected by X-ray photoelectron spectroscopy were prepared as follows: 2 g fluorite or calcite 

samples were mixed with 60 mL deionized water, and then the pH value was adjusted by sulfuric acid 

or sodium hydroxide. After stirring for 2 min, depressants were added, and after stirring for another 

10min, the pulp was filtered by a funnel. The filtered samples were dried at room temperature and 

tested by X-ray photoelectron spectroscopy. PHI5000 VersaProbe II (Shanghai Uzong, Shanghai) was 

used for X-ray photoelectron spectroscopy. The power of the instrument was 50 W, the voltage was 15 

kV, and the anode was Al target. The binding energy (EB) was calibrated based on THE C1s of EB[C1s] 

= 284.8 eV. 

2.5. FT-IR analysis 

The samples detected by FT-IR were prepared as follows: 2 g fluorite or calcite samples were mixed 

with 60mL deionized water and their pH values were adjusted. Depressant SHMP was added after 
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stirring for 2 min, and collector NaOL was added after stirring for another 2min. After stirring for 

another 30 min, the samples were filtered and dried at room temperature, and then FT-IR was detected. 

FT-IR detection using ALPHA infrared spectrometer (Bruker, Germany). The range of instrumental 

analysis was 4000~400cm -1, the number of scanning was 16, and the spectral resolution was 4 cm-1. 

2.6. ToF-SIMS analysis 

The samples detected by the ToF-SIMS were prepared as follows: 2 g fluorite or calcite samples were 

mixed with 60 mL deionized water and their pH values were adjusted. Depressant SHMP was added 

after stirring for 2 min, and collector was added after stirring for another 2min. After stirring for another 

10 min, the samples were filtered and dried at room temperature, and ToF-SIMS test was performed. 

Ion beam pulses were applied to the samples using 15 keV Bi3+, and the samples were analyzed using 

ToF-SIMS V (ION-ToF GmbH, Münster, Germany). The samples were analyzed using delayed 

extraction mode over the image range of 500×500µm, with a pixel density of 256×256 after 62 s. 

3. Results and discussion  

3.1. Single mineral micro-flotation experiments 

3.1.1. Depression effect of SHMP on flotation of fluorite and calcite 

Fig. 2(a) shows the effect of NaOL as a collector at 80mg/L and the depressant SHMP on the recovery 

of fluorite and calcite in a deionized water system with pH=9. It can be seen from the figure that SHMP 

has a strong depression effect on the flotation of fluorite and calcite. With the increase of the amount of 

SHMP, the recovery rate of fluorite and calcite both decrease significantly. When the amount of SHMP 

is less than 4mg/L, the recovery rate of fluorite is higher than that of calcite. When the amount of SHMP 

is less than 4 mg/L, the difference between the recovery rate of fluorite and calcite is the largest. The 

subsequent test will use the amount of SHMP to be 2 mg/L. 

Fig. 2(b) shows the effect of different pH values on the recovery of fluorite and calcite when the 

amount of NaOL as a collector is 80mg/L and SHMP as a depressant is 2mg/L. It can be seen from the 

figure that with the increase of pH value, the recovery rate of fluorite shows a decreasing trend, while 

the recovery rate of calcite shows an increasing trend. When pH=8, the difference between the recovery 

rates of fluorite and calcite reached the maximum value. At this time, the recovery rate of fluorite was 

69.09%, and the recovery rate of calcite was 26.69%. 

The results show that SHMP has a significantly selectivity for fluorite and calcite without the 

addition of metal ions.  

 

Fig. 2. Effect of the (a) amount of SHMP and (b) pH on the recovery of fluorite and calcite 

3.1.2. Effect of Zn2+ on SHMP 

Fig. 3(a) shows the effect of Zn2+ concentration on SHMP when the amount of NaOL as collector at 80 

mg/L and SHMP as depressant is 2 mg/L in a deionized water system with pH = 8. It can be seen from 

the figure that with the increase of Zn2+ concentration, the recovery rates of fluorite and calcite both 
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increased first and then decreased. When Zn2+ concentration was low, Zn2+ had a certain activation 

effect on fluorite flotation. However, with the increase of Zn2+ concentration, the recovery rate of calcite 

is closer to fluorite. 

Fig. 3(b) shows the influence of pH value on the effect of SHMP when the concentration of Zn2+ is 

10mg/L, the amount of NaOL as collector is 80mg/L and the amount of SHMP as depressant is 2 mg/L. 

As can be seen from the figure, with the increase of pH value, the recovery of fluorite showed a 

downward trend, while the recovery of calcite showed an upward trend. When pH=8, the recovery 

difference between fluorite and calcite is the largest, and the recovery of fluorite is 77.73% and that of 

calcite is 59.61%. 

The results show that Zn2+ has a certain activation effect on fluorite, but seriously interferes with the 

depression of SHMP on calcite, making the recovery of calcite rise sharply and aggravating the effect of 

SHMP on fluorite and calcite 

3.2. Artificial mixed minerals micro-flotation experiments  

In order to verify the negative effects of Zn2+ on SHMP, the effects of Zn2+(10 mg/L) SHMP on artificial 

mixed minerals were investigated when the amount of NaOL as collector was 80 mg/L and the amount 

of SHMP as depressant was 2 mg/L under the condition of pH=8 in this part. The results are shown in 

Table 1 and 2. 

 

Fig. 3. Effect of the (a) amount of Zn2+ and (b) pH on the effect of SHMP 

Table 1. Micro-flotation results for the artificial mixed mineral without Zn2+ and SHMP 

Products Yield/% 
Grade /% Recovery/% 

Fluorite Calcite Fluorite Calcite 

Concentrate 39.4 64.52 35.48 50.84 27.96 

Tailings 60.6 49.04 59.44 49.16 72.04 

Artificial 

mixed 
100 50 50 100 100 

Table 2. Micro-flotation results for the artificial mixed mineral with Zn2+ and SHMP 

Products Yield/% 
Grade /% Recovery/% 

Fluorite Calcite Fluorite Calcite 

Concentrate 47.63 51.87 48.13 49.41 45.85 

Tailings 52.37 48.3 51.7 50.59 54.15 

Artificial 

mixed 
100 50 50 100 100 
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With the addition of Zn2+, the grade of fluorite in concentrate decreased from 64.52% to 48.3%, and 

the recovery rate decreased from 50.84% to 49.41%. The grade of calcite in tailings decreased from 

59.44% to 51.7%, and the recovery rate decreased from 72.04% to 54.15%. The results show that Zn2+ 

seriously interferes with the effect of SHMP and worsens the flotation separation effect of fluorite and 

calcite. 

3.3. Calculations of solution chemistry 

Visual MINTEQ model is widely used to calculate ion morphology, solubility balance and adsorption 

in aqueous solution, and the calculated results can reflect ion concentration and potential products in 

flotation pulp. Fig. 4(a) and (b) show the morphology and content of each component in the binary 

solution system of Zn2+ and SHMP at pH value. 

 

Fig. 4. Effect of pH on the speciation and content of (a) Zn and (b) P in the binary solution system 

According to Fig. 4 (a) and (b), the main chemical reactions in binary solution system of Zn2+ and 

SHMP can be inferred as follows: 

 𝑍𝑛𝑆𝑂4 ⇋ 𝑍𝑛2+ + 𝑆𝑂4
2−        (3) 

𝑍𝑛2+ + 2𝑂𝐻− ⇋ 𝑍𝑛(𝑂𝐻)2(𝑎𝑞)                            (4) 

 𝑍𝑛2+ + 𝑂𝐻− ⇋ 𝑍𝑛𝑂𝐻+                               (5) 

𝑍𝑛2+ + 3𝑂𝐻− ⇋ 𝑍𝑛(𝑂𝐻)3
−                              (6)   

𝑍𝑛2+ + 4𝑂𝐻− ⇋ 𝑍𝑛(𝑂𝐻)4
2−                             (7)     

𝑍𝑛2+ + 𝐻𝑃𝑂4
2− ⇋ 𝑍𝑛𝐻𝑃𝑂4(𝑎𝑞)                            (8)    

(𝑁𝑎𝑃𝑂3)6 + 𝐻2𝑂 ⇋ 6𝑁𝑎𝑂𝐻 + 6𝐻𝑃𝑂3                         (9) 

𝐻𝑃𝑂3 + 𝐻2𝑂 ⇋ 𝐻3𝑃𝑂4(𝑎𝑞)                            (10) 

𝐻3𝑃𝑂4(𝑎𝑞) ⇋ 𝐻2𝑃𝑂4
− + 𝐻+         (11)         

𝐻2𝑃𝑂4
− ⇋ 𝐻𝑃𝑂4

2− + 𝐻+                              (12) 

𝐻𝑃𝑂4
2− ⇋ 𝑃𝑂4

3− + 𝐻+    (13) 

It can be seen from Fig. 4(a) that Zn2+ will hydrolyze gradually in the solution and produce four Zn-

containing components such as Zn(OH)2, ZnOH+, Zn(OH)3-, Zn(OH)4
2-. Zn2+ was the dominant 

component at pH<8.5, and Zn(OH)2, Zn(OH)3- and Zn(OH)4
2- became the dominant component with 

pH increasing. It can be seen from Fig. 4(b) that there are five phosphorus-containing components in 

the solution, which are H3PO4(aq), H2PO4-, HPO4
2-, PO4

3- generated by the gradual hydrolysis of SHMP, 

and ZnHPO4(aq) generated by the reaction of its hydrolysis product HPO42- with Zn2+. When pH<2.1, 

H3PO4(aq) was the dominant component; when 2.1<pH<7.2, H2PO4-was the dominant component; 

when 7.2<pH<12.2, HPO4
2- was the dominant component; when pH>12.2, PO4

3- was the dominant 

component. When pH=8, the fractions of SHMP in the solution are HPO4
2- > H2PO4- > ZnHPO4(aq), 



7                                                 Physicochem. Probl. Miner. Process., 58(6), 2022, 151676 

PO4
3- and H3PO4(aq) almost do not exist in the solution, indicating that the main components inhibiting 

calcite may be HPO4
2- and H2PO4-. This is consistent with previous research conclusions (Chen et al., 

2019), and the addition of Zn2+ consumes part of HPO4
2- to produce ZnHPO4(aq), which interferes with 

the depression of SHMP on minerals.  

3.4. XPS analysis  

In order to further study the effect of Zn2+ on SHMP for fluorite and calcite, XPS was used to analyze 

the relative contents of main elements on the surface of fluorite and calcite treated by SHMP (2 mg/L) 

with and without Zn2+(10mg/L). The results are shown in Table 3 and 4. 

Table 3. Relative content of surface elements of fluorite treated with Zn2+ 

Elements 
Relative content /% 

Without Zn2+ With Zn2+ Shift 

Ca2p 20.25 20.82 +0.57 

F1s 23.90 22.17 -1.73 

O1s 16.31 15.30 -1.01 

C1s 39.20 41.39 +2.19 

P2p 0.34 0.13 -0.21 

Zn2p 0 0.19 +0.19 

Table 4. Relative content of surface elements of calcite treated with Zn2+ 

Elements 
Relative content /% 

Without Zn2+ With Zn2+ Shift 

Ca2p 11.68 12.54 +0.86 

O1s 40.35 37.48 -2.87 

C1s 47.20 49.65 +2.45 

P2p 0.77 0.22 -0.55 

Zn2p 0 0.11 +0.11 

 

It can be seen from Table 3 and 4 that after adding Zn2+, the content of Ca2p and Zn2p on the surface 

of fluorite increased by 0.57% and 0.19%, respectively, and the content of P2p decreased by 0.21%; the 

content of Ca2p and Zn2p on the surface of calcite increased by 0.86% and 0.11%, respectively, and the 

content of P2p decreased by 0.55%. The results show that the presence of Zn2+ reduces the adsorption 

of SHMP on the surface of fluorite and calcite, and exposes more calcium active sites to the mineral 

surface, which may be the main reason for the increased recovery of fluorite and calcite. 

Fig. 5 shows the P2p peaks on the surfaces of fluorite and calcite treated with SHMP. The peaks at 

binding energies of 132.64 eV and 133.47 eV in Fig. 5(a) are attributed to the phosphate species 

Ca(H2PO4)2 and CaHPO4, respectively (Landis & Martin, 1984; Zhang et al., 2021); the signal-to-noise 

ratio of the P2p spectrum on the fluorite surface in Fig. 5(b) is high, and the peak splitting cannot be 

performed, indicating that the presence of Zn2+ seriously interferes with the adsorption of SHMP on the 

surface of fluorite, so that the adsorption amount on the surface of fluorite is very low. For calcite, the 

binding energy peaks at 132.43eV and 133.38eV in Fig. 5(c) are also attributed to Ca(H2PO4)2 and 

CaHPO4, respectively (Landis & Martin, 1984; Zhang et al., 2021); in Fig. 5(d) the peaks of Ca(H2PO4)2 

and CaHPO4 were shifted to 132.05 eV and 132.98 eV, respectively, and the intensity of the P2p peak 

was significantly reduced, indicating that the addition of Zn2+ changed the adsorption environment of 

SHMP on the calcite surface and reduced its adsorption capacity. 

According to the results of calculations of solution chemistry and XPS analysis, it can be inferred that 

the main components of SHMP inhibiting minerals are HPO4
2- and H2PO4-. These two phosphate ions 

react with the Ca active sites on the mineral surface to form Ca(H2PO4)2 and CaHPO4 two calcium 
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phosphate species, thereby improving the hydrophilicity of the mineral surface; while Zn2+ can react 

with SHMP to generate phosphate species, which consumes part of the SHMP in the solution and 

reduces the adsorption amount of SHMP on the mineral surface. 

 

Fig. 5. P2p XPS spectra of (a) SHMP treated fluorite surface, (b) Zn2+, SHMP treated fluorite surface, (c) SHMP 

treated calcite surface, and (d) Zn2+, SHMP treated calcite surface 

3.5. FT-IR analysis 

In order to further study the adsorption mode and effect on mineral floatability of SHMP on mineral 

surface with Zn2+. FT-IR analysis was performed on fluorite and calcite samples treated with depressant 

SHMP (2mg/L) and collector NaOL (80mg/L) with or without Zn2+ (10mg/L), and the results are 

shown in Fig. 6 and 7. 

In Fig. 6(a), characteristic absorption peaks of fluorite can be observed at wave number 3447.03 cm-

1, 1638.77 cm-1 and 1411.19 cm-1 (Zhu et al., 2021). After being treated with SHMP and NaOL, the new 

absorption peak at wave number 2921.75 cm-1 and 2853.73 cm-1 in Fig. 6(b) can be attributed to the 

symmetric and asymmetric stretching vibration of -CH2 in NaOL (Tian et al., 2017; Yang et al., 2019). 

Characteristic absorption peaks of SHMP can be observed at wave numbers of 1573.39 cm-1, 1538.05 cm-

1, 1158.21 cm-1 and 1108.21cm -1 (Zhang et al., 2021). After the addition of Zn2+, the absorption peak of 

NaOL could still be observed at the wave number of 2921.92 cm-1 and 2853.73 cm-1 in Fig.6 (c), while the 

characteristic absorption peak of SHMP could only be observed at 1576.12 cm-1 and 1538.05 cm-1, and 

its intensity was significantly weakened. These results indicate that Zn2+ interferes with the adsorption 

of SHMP on fluorite surface. 

For calcite, the characteristic absorption peaks of calcite can be observed at wave numbers of 3452.04 

cm-1, 2512.52 cm-1 and 1414.82 cm-1 in Fig. 7(a) (Frost et al., 2008; Tobias, 1979). In Fig. 7(b), the 

asymmetric stretching vibration of -CH2 with wave number 2922.39 cm-1 appears, indicating the 

chemisorption of NaOL on the calcite surface (Tian et al., 2017; Yang et al., 2019). The characteristic 

absorption peak of SHMP can be observed at the wave number of 1138.81 cm-1 and 1005.22 cm-1 (Zhang 

et al., 2021). In Fig. 7(c), symmetric and asymmetric stretching vibrations of meso-CH2 were observed 

at wave numbers 2921.87 cm-1 and 2957.46 cm-1, while the characteristic adsorption peak of SHMP 

disappeared. These results indicate that Zn2+ seriously interferes with the adsorption of SHMP on calcite 

surface. 
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Fig. 6. FT-IR spectra of (a) fluorite, (b) fluorite treated with SHMP and NaOL, (c) fluorite treated with Zn2+, 

SHMP and NaOL 

 

Fig. 7. FT-IR spectra of (a) calcite, (b) calcite treated with SHMP and NaOL, (c) calcite treated with Zn2+, SHMP 

and NaOL 

3.6. ToF-SIMS analysis 

The adsorption structures of SHMP and NaOL on mineral surfaces were analyzed by TOF-SIMS with 

and without Zn2+ (10mg/L). Images of fluorite and calcite ions treated with SHMP (2 mg/L) and NaOL 

(80 mg/L) are shown in Fig. 8 and 9. Normalized positive ion intensities on fluorite and calcite surfaces 

are shown in Fig. 10(a) and (b). Among them, Ca+, Zn+, HPO4
+ and C2H2O2Na+ are the representative 

ion fragments of Ca2+, Zn2+, sodium hexametaphosphate and sodium oleate on the mineral surface, 

respectively. In the absence of Zn2+ addition, a weak Zn+ signal was detected, which is likely to present 

a very small amount of Zn minerals in the sample that are difficult to remove by physical methods. Fig. 

8 shows that the ionic strength of Zn+ and C2H2O2Na+ on fluorite surface increases significantly with 

Zn2+, while the ionic strength of HPO4+ decreases. The results show that Zn2+ can reduce the adsorption 

capacity of SHMP on fluorite surface, interfere with the depression effect of SHMP, and increase the 

adsorption capacity of NaOL on fluorite surface. Fig. 9 shows that the changes of ionic strength on 

calcite surface are consistent with that of fluorite with Zn2+, that is, the ionic strength of Zn+ and 

C2H2O2Na+ increases, while that of HPO4
+ decreases. The results show that Zn2+ can reduce the 

adsorption capacity of SHMP on calcite surface, weaken the depression of SHMP on calcite, and increase 

the recovery of calcite significantly. 
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It can be seen from Fig. 10 that the change trend of ionic strength of fluorite and calcite surface with 

Zn2+ is basically the same, that is, the ionic strength of Zn+ and C2H2O2Na+ increases, while that of HPO4
+ 

decreases, which is consistent with the detection and analysis results of XPS and FT-IR. In addition, the 

adsorption on the surface of the Zn2+ in fluorite and calcite is lower, that Zn2+ generated by reaction 

with SHMP to form ZnHPO4 phosphate species, consuming the depression in the solution, the NaOL 

collector on the mineral surface adsorption quantity increases, this could be the Zn2+ selectivity of SHMP 

the main cause of a negative impact. 

 

Fig. 8. Positive ion images of (a)-(d) fluorite treated with SHMP and NaOL, and (e)–(h) fluorite treated with Zn2+, 

SHMP and NaOL 

 

Fig. 9. Positive ion images of (a)-(d) calcite treated with SHMP and NaOL, and (e)–(h) calcite treated with Zn2+, 

SHMP and NaOL 

 

Fig. 10. (a) Peak intensities of positive ion normalization of fluorite with or without Zn2+, and (b) Peak intensities 

of positive ion normalization of fluorite with or without Zn2+ 
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4. Conclusions 

Fluorite and calcite can be effectively separated by flotation when NaOL is used as collector and SHMP 

is used as depressant. However, Cu2+, Pb2+, Zn2+and Al3+ all have negative effects on the selective 

depression of SHMP, and Zn2+ has the most significant effect on the effect of SHMP. 

The results of chemical calculation and XPS analysis of flotation solution show that SHMP can 

depress minerals mainly by HPO4
2- and H2PO4

-, and these two phosphate ions can react with the active 

sites of Ca on mineral surface to form Ca(H2PO4)2 and CaHPO4, thus improving the hydrophilicity of 

mineral surface. However, the addition of Zn2+ consumes part of HPO4
2- in the solution to form 

phosphate species ZnHPO4, thus weakening the depression of SHMP on minerals. 

FT-IR and ToF-SIMS analysis results show that the addition of Zn2+ decreases the adsorption 

capacity of SHMP on fluorite and calcite, and increases the adsorption capacity of NaOL, which 

weakens the depression of SHMP, and increases the recovery of both fluorite and calcite greatly. 

Selective depression of calcite by SHMP can achieve good results in the laboratory, but the actual 

depression effect in the production of concentrator is not ideal, so it is difficult to be applied in industry. 

Therefore, pretreatment of metal ions on the ore surface, strict control of metal ion concentration in the 

pulp, etc., to avoid the negative impact of metal ions on the selective inhibition of SHMP will become 

one of the targets of selective depression of calcite by SHMP at the present stage. 
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