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Abstract

:

The effects and mechanism of magnetized kerosene on the flotation behaviors of molybdenite were studied by micro-flotation, ultraviolet spectrum, infrared spectrum, surface tension, and liquid viscosity. According to the results of micro-flotation, magnetized kerosene improved the flotation recovery of molybdenite, and the improvements were more obvious with smaller molybdenite particles. Spectral analysis showed that the magnetization did not change the chemical composition of kerosene, but transformed the linear aliphatic hydrocarbons in kerosene into linear isomers and reduced the lengths of the carbon chains. Moreover, the magnetization reduced the viscosity of kerosene and oil/water interfacial tension, and improved the dispersion of kerosene in the pulp. The external magnetic field transformed the disorder of the additional magnetic moment in the kerosene molecules into order, and reduced the compactness of the kerosene molecules. The experimental results provided a theoretical explanation for the role of magnetization in mineral flotation.
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1. Introduction


Molybdenum is a rare metal with a high melting point, high strength, and high elastic coefficient. As a strategic mineral resource, molybdenum is widely used in the fields of iron and steel, petroleum, chemical industry, electrical and electronic technology, medicine, and agriculture [1,2,3]. Molybdenum deposits in China are mainly porphyry and porphyry skarn molybdenum deposits, which have the problems of low raw ore grade, fine embedded particle size, low recovery, and high production cost [4,5,6]. Therefore, the flotation behaviors and differences in different particle size of molybdenite are worthy of in-depth study. We ought to explore the reasons for the reduction in the floatability of fine-grained molybdenite and possible improvement measures [7,8].



Nonpolar hydrocarbon oil (such as kerosene, diesel oil, solar oil, and transformer oil) is one of the most extensively used collectors of floating molybdenite due to its excellent selectivity [9,10,11]. The floatability of molybdenite particles depends on the relative surface exposure of hydrophobic faces and hydrophilic edges [9,12]. The face is normally hydrophobic, resulting from the breaking of S–S molecular bonds (nonpolar faces), and the edge is normally hydrophilic, resulting from the rupturing of the strong covalent Mo–S bonds (polar edges). Nonpolar hydrocarbon oils are used as collectors to enhance the hydrophobicity of molybdenite faces, and therefore, the molybdenite’s flotation. since these oils are readily to adsorb on molybdenite faces through hydrophobic interactions and van der Waals forces. Wei et al. [4,13] studied the crystal structure and surface properties of molybdenite by using density functional theory. The hydrophobicity of molybdenite’s {001} surface is greater than that of its {100} surface. This is because the covalency of S–Mo bonds on the molybdenite {001} plane is greater than that on the {100} plane. Therefore, non-polar hydrocarbon oil agents easily interact with molybdenite’s {001} surface to collect molybdenite, whereas polar agents such as xanthate more easily interact with the {100} surface. However, the effect of temperature on the flotation performance of nonpolar hydrocarbon oil (e.g., kerosene and diesel oil) has been frequently reported [14,15,16] and is attributed to solubility, which is temperature dependent. The solubility and activity of nonpolar hydrocarbon oil in pulp are reduced at low temperatures, especially during cold winters. This reduction causes decreased collecting capability and increased required dosage for any oil at low temperatures. A relatively simple method is to improve the solubility of the collector by increasing the pulp temperature, but this is uneconomical. Hence, it is necessary to study new methods of improving the low-temperature flotation performance of nonpolar oils.



In recent years, magnetization technology has been used as an auxiliary method of gravity separation and flotation, which improves the properties of the minerals or reagents, thereby enhancing their flotation indexes [17,18,19,20]. Zeng et al. studied the effects of magnetized 2-octanol at different magnetization times and magnetic field intensities on the flotation performance of low-rank coal. They found that after 2-octanol was subjected to the magnetized pretreatment, the interfacial tension of 2-octanol and pulp conditioned with magnetized 2-octanol gradually decreased. Additionally, the clean coal yield was improved, whereas the clean coal ash content barely changed [19].



Kerosene is one of the most commonly used collectors in the molybdenite flotation, which has excellent collection ability for molybdenite [21,22]. The addition of kerosene, which enhances the floatability of molybdenite fines, promotes the aggregation of molybdenite particles [22]. However, these collectors are difficult to dissolve in water and have poor dispersion in water [23]. Improving the dispersion of this hydrocarbon oil in the pulp is the key to improving the flotation recovery of fine molybdenite [22,24,25]. Gao et al. studied the mechanism of froth flotation of molybdenite using oily collectors from the perspective of thinning and rupturing of a thin liquid film [24]. They found that both the thinning kinetics and the rupture thicknesses of the thin liquid films (TLFs) correlate with both the coverage and sizes of the oil droplets on molybdenite surfaces. Kerosene exhibits better dispersibility in deionized (DI) water than dodecane, and therefore, it performs better as a collector than dodecane from the perspective of film stability.



In this paper, the improvements in molybdenite floatation granted by a magnetized flotation reagent and its mechanismagnetizedtic impacts on the flotation of molybdenite were investigated, which provided theoretical support for the optimization of the flotation process and the determination of a reagent system for fine molybdenite.




2. Materials and Methods


2.1. Materials and Reagents


The molybdenite single mineral used in the test was taken from Guilin, Guangxi, China. The final products of five particle sizes were obtained after crushing, manual sorting, grinding, and screening of massive molybdenite samples (−180 + 125 μm, −125 + 74 μm, −74 + 45 μm, −45 + 20 μm and −20 μm). The average particle sizes of the five samples were 138.74 μm, 87.45 μm, 65.30 μm, 28.49 μm and 11.04 μm, respectively (in Table 1).



The X-ray diffraction (XRD) (D/MAX 2500PC, Rigaku, Tokyo, Japan) pattern of the molybdenite single mineral is shown in Figure 1. The result shows that the main mineral in the ore was molybdenite, and the content of MoS2 in the molybdenite was 98.6%.




2.2. Methods


2.2.1. Micro-Flotation Tests


The single mineral flotation test was carried out on an RK/FGC hanging cell flotation machine (Wuhan Rock Crush & Grand Equipment Manufacture Co., Ltd., Wuhan, China) with a flotation cell volume of 50 mL, and a spindle speed of 1780 r/min. Two grams (2.0) of single mineral was added into a flotation cell containing 50 mL of distilled water. The slurry was mixed and stirred for 2 min. The pH value of the slurry was adjusted to 6.0 with H2SO4 or NaOH, and stirred for 3 min after stabilization. The collectors and foaming agent were added successively, stirred for 3 min respectively, inflated for 1 min, and finally scraped with an average of 20 times per minute for 3 min. The foam and slot products were filtered, dried, and weighed separately, and the recovery rate was calculated.




2.2.2. Magnetization Experiment


The self-made magnetization device [26] was used to magnetize the flotation reagent according to the process in Figure 2. A small amount of reagent was put into a special plexiglass container, the magnetic induction intensity was changed at a certain temperature, and the reagent was magnetized. The flotation test, surface tension measurement, and viscosity measurement were carried out immediately after magnetization.




2.2.3. Interfacial Tension Measurements


The interfacial tension of the solutions was measured by a BZY-1 automatic tensiometer (Shanghai Equitable Instrument and Meter Factory, Shanghai, China) with a platinum plate at an environmental temperature of 25 °C. Any possible organic contaminants on the Pt plate were removed using a microbeam flame until the Pt turned bright. The tabulated interfacial tension of deionized water at the same room temperature was used to calibrate each set of measurements. Before the measurements, each sample was stabilized for 10 min until reaching equilibrium. Three successive measurements were taken and averaged for each point.




2.2.4. Viscosity Measurements


The NDJ-8S rotary viscometer (Shanghai Fangrui Instrument Co., Ltd., Shanghai, China) is used to measure the viscosity of a liquid. Place the prepared liquid in a beaker with a diameter of 100 mm and keep the liquid at room temperature. Gradually immerse the rotor into the measured liquid until the liquid level mark is level with the liquid level. Turn the speed change knob, press the pointer control lever after the pointer is stable, and read the data. Parallel test three times, and take the average value as the viscosity of the liquid at this temperature.




2.2.5. Infrared Spectrum


Nicolet 50, the infrared spectrum analyzer (Thermo Fisher Scientific, Waltham, MA, USA), was used for infrared spectrum tests and analysis. The sample preparation conditions were consistent with those of the single mineral flotation. All reagents were added to the slurry, and fully stirred for 30 min. Finally, the pulp was filtered, and the sample was washed twice with distilled water. The cleaned sample was dried in a vacuum drying oven and stored. The KBr tablet pressing method was used for detection. One milligram of sample was evenly mixed with 100 mg of spectrally pure KBr, grounded with agate mortar, and then produced and measured in a special mold. The working parameters of the instrument were the scanning range of 4000–400 cm−1, the minimum resolution of 0.09 cm−1, and the wave-number accuracy of 0.01 cm−1.






3. Results and Discussion


3.1. Single Mineral Flotation


3.1.1. Effect of the Magnetized Collector on the Flotation Behavior of Molybdenite


The effects of the magnetized kerosene on the flotation behaviors of molybdenite with different particle sizes are shown in Figure 3. When the magnetic field intensity was 0, the recoveries of the molybdenite samples with five particle sizes were 91.81%, 90.02%, 82.11%, 73.96%, and 70.25%, respectively. The recovery of each sample increased first and then gradually stabilized as the magnetic field intensity increased. When the magnetic field intensity was 160 kA/m, the recoveries of the molybdenite sample with each particle size were 92.13%, 90.34%, 84.84%, 76.86%, and 73.92%, respectively—0.32%, 0.32%, 2.73%, 2.90%, and 3.67% higher than those when the magnetic field intensity was 0. The results showed that magnetized kerosene was conducive to the flotation of molybdenite, and the smaller the particle size was, the greater the improvement was. Kerosene is adsorbed on the “surface” of molybdenite, not on the “edge.” As particle size increases, the specific surface area of molybdenite particles gradually increases, and the area of the “surface” also increases. Therefore, the adsorption capacity of kerosene on the surfaces of fine-grained minerals is greater than that on the surfaces of coarse-grained minerals. Therefore, once kerosene is magnetized, the dispersion becomes stronger, which is reflected in that the amount of kerosene adsorbed on fine-grained molybdenite was greater than that adsorbed on coarse-grained molybdenite, so the recovery of fine-grained molybdenite was improved more greatly.




3.1.2. Effect of Magnetization Time on the Flotation Behavior of Molybdenite


The transformation relationship between the flotation recovery of the molybdenite samples with different particle sizes and kerosene magnetization time under the condition of magnetic field intensity of 160 kA/m is shown in Figure 4. The flotation recovery of five particle sizes of molybdenite began to increase when kerosene was magnetized for more than 0.5 min. When the magnetization time was more than 1 min, the flotation recovery of molybdenite was significantly improved, and the recovery increased a little by prolonging the magnetization time. Therefore, the magnetization time of kerosene must not be less than 1 min, and the appropriate extension of magnetization time ensured the magnetization effect. Similarly, the improvement of flotation recovery with fine particle size was greater. This was mainly due to the increase in the “face” area of fine particles. Once the adsorption effect of kerosene was improved, the effect on fine particles was clearly superior.




3.1.3. Effect of Demagnetization Time on Flotation Behavior of Molybdenite


The kerosene standing time (demagnetization time) tests were carried out to investigate the physicochemical properties of the magnetized kerosene and the collection effects of kerosene standing for a period of time after magnetization. The effects of demagnetization time on the flotation recovery of molybdenite are shown in Figure 5. When the kerosene was magnetized, the flotation recoveries were 92.31%, 90.02%, 84.78%, 76.96%, and 74.14% respectively. When the standing time of magnetized kerosene was 2.0 h, the flotation recoveries of molybdenite samples were 91.85%, 90.05%, 84.48%, 76.25%, and 73.84% by particle size respectively. When the standing time reached 3.0 h, the flotation recoveries of molybdenite samples began to decline. Floatation recoveries were 90.24%, 88.92%, 83.11%, 74.84%, and 72.15% by particle size, respectively—2.07%, 1.10%, 1.67%, 2.12%, and 1.99% lower than when the standing time was 0. It can be seen that the flotation recoveries of the molybdenite samples changed little when the standing time of magnetized kerosene was less than 2.0 h. The flotation recoveries the molybdenite samples began to decline when the standing time reached 2.0 h. The results showed that the magnetized properties of the magnetized kerosene were still maintained within 2.0 h, which improved the floatability of molybdenite.





3.2. Effect of Magnetization on the Molecular Structure of Kerosene


Substances with different structures have their own characteristic spectra. Spectral analysis is a method used to investigate the structure and chemical components of substances by using characteristic spectra [27]. The ultraviolet absorption spectra and infrared spectra of kerosene were analyzed to explore the changes in the material composition of kerosene and after magnetization.



3.2.1. UV–Vis


Figure 6 shows the ultraviolet absorption spectrum of kerosene before and after magnetization. The magnetization magnetic field intensity of kerosene was 160 kA/m, and the magnetization time was 10 min. There were mainly two characteristic absorption peaks in the UV (Ultraviolet visible) spectral region of kerosene, which were located at 230 and 272 nm [14]. The absorption peaks of the main functional groups in the kerosene did not shift significantly after magnetization, which was due to the fact that the magnetostatic energy provided by magnetization was not enough to excite electrons to produce energy-level transitions. The energy required for an electron energy level transition is generally about 1−20 eV. The static magnetic energy of the magnetic moment in the magnetic field is M·H (M is the magnetic moment and H is the external magnetic field). The magnetic field strength provided by magnetization treatment is generally roughly hundreds of millitesla. If the magnetic moment is a Bohr magneton μB (about 10−29 J/A/m), the magnetic field strength is H = 102 mT, and the magnetic moment has static magnetic energy in the magnetic field of about μ BH = 5 × 10−8 eV, which is lower than the energy required for electron energy-level transition and cannot change the main functional group in kerosene.




3.2.2. FT-IR


Figure 7a shows the infrared spectra of kerosene magnetized with different magnetic field intensities. The peaks of methyl and methylene were finely treated, and the results are shown in Figure 7b–f and Table 2. Kerosene mainly contains saturated hydrocarbons, partially unsaturated hydrocarbons, and aromatic hydrocarbons. The absorption peak at 2800–3000 cm−1 was assigned to -CH stretching vibrations, the peak at 2957 cm−1 was attributed to -CH3 stretching vibrations, the peaks at 2925 and 2856 cm−1 were related to C–H symmetric stretching vibrations in methylene, and the peak at 1461 cm−1 corresponded to the antisymmetric deformation of -CH3 or the shear vibration peak of -CH2 (Figure 7a) [28]. The characteristic peaks with wave numbers of 2957, 2925, 2855, and 1461 cm−1 were strengthened after the magnetization modification. The intensity of the infrared absorption band was directly proportional to the change in the dipole moment when the atom passed through its equilibrium position. The infrared absorption band of magnetized kerosene was enhanced, indicating that the dipole moment of the molecule was increased and the polarity of the molecule was enhanced.



The relative proportion of methyl in the kerosene molecules increased after magnetization, and the proportion of methylene decreased (in Figure 7b–f and Table 2). As the magnetic field intensity increased, the proportion of methyl in kerosene molecules further increased and the proportion of methylene further decreased. Therefore, the straight-chain aliphatic hydrocarbons in kerosene were transformed to multibranched isomers after magnetization, which endowed kerosene with good dispersion in the pulp, leading to an excellent flotation. Some studies believed that the number of molecules containing 11–15 carbon atoms decreased after the magnetization of kerosene, the number of molecules containing 8–10 carbon atoms increased, and some molecular isomers with 8–10 carbon atoms were produced.





3.3. Effect of Kerosene Magnetization on Interfacial Tension


The variations in oil/gas and oil/water interfacial tension with magnetization conditions are shown in Figure 8. As can be seen from Figure 8a, the interfacial tension of the air/kerosene and kerosene/water decreased when the magnetic field intensity increased from 0 to 160 kA/m, and the decrease in the air/kerosene interfacial tension was much smaller than that in the kerosene/water interfacial tension. The interfacial tension of oil/water tended to be stable when the magnetic field strength was greater than 160 kA/m; during this time, the oil/water interfacial tension was reduced by 14.23% compared with the unmagnetized state, and the magnetization effect was obvious. The oil/water interfacial tension changed little when the magnetic field intensity continued to increase.



Kerosene is mainly C12–C15 hydrocarbons, which are diamagnetic substances. The magnetic susceptibility of the diamagnetic materials is negative, the electron shells of the atoms and molecules are full, and the total magnetic moment of the electrons is zero. The kerosene molecules moved disorderly in the thermal equilibrium under the action of a very weak dispersion force before magnetization, and the magnetic moment vector of the kerosene molecules was zero. When magnetized in the external magnetic field, the current of the kerosene molecular magnetic moment opposite to the direction of the external magnetic field was enhanced, and the molecular current with the same magnetic moment as the external magnetic field was weakened, resulting in an additional magnetic field opposite to the external magnetic field. At this time, the intermolecular force of the kerosene close to the air was still much higher than that of the air, and the interfacial tension of air/kerosene changed little. The kerosene molecules with an additional magnetic moment on the water’s surface were more likely to induce dipoles by water molecules, which resulted in a stronger inducing force than kerosene molecules before magnetization, balancing the force of the internal water molecules on the surface water molecules on a part of the kerosene/water interface, and reducing the tension of the oil/water interface. The 160 kA/m magnetic field intensity made kerosene molecules close to the magnetic saturation state, and the induced force of the water molecules on the kerosene molecules with an additional magnetic moment approached the extreme value. Therefore, there was no obvious change in the oil/water interfacial tension under magnetic field intensities greater than 160 kA/m.



As can be seen from Figure 8b, the interfacial tension of air/oil decreased slowly and gradually became stable with the extension of magnetization time. The oil/water interfacial tension decreased by 15.04% after magnetization for 1 min. When the magnetization time increased to 2 min, the oil/water interfacial tension decreased by 14.19%. When the magnetization time was extended to 5 min, the interfacial tension was maintained at about 22.49 mN/m. There was an obvious difference between the gas/oil interfacial tension curve and the oil/water interfacial tension. The additional magnetic moment opposite to the direction of the external magnetic field was generated after the diamagnetic kerosene molecules were magnetized by the external magnetic field, and the water molecules had a relatively stronger inducing force on the magnetized kerosene molecules to reduce the coal oil/water interfacial tension. Kerosene was close to magnetic saturation after magnetization for 2 min, and the kerosene/water interfacial tension decreased significantly. The interactive force between the kerosene surface molecules in contact with air and kerosene internal molecules was much greater than that between air molecules, and the change in the air/kerosene interfacial tension was not obvious. The interfacial tension of oil/gas and oil/water changed little with the extension of magnetization time. It is also confirmed that the effects of the magnetic field intensity on the oil/gas and oil/water interfacial tension were explained by magnetic saturation.




3.4. Effect of Kerosene Magnetization on Viscosity of Kerosene


The variation in the kerosene viscosity with magnetization conditions is shown in Figure 9. When the magnetic field intensity increased from 0 to 320 kA/m, the viscosity of kerosene first decreased and then stabilized, decreasing from 2.45 to 2.23 mPa·s. When the magnetization was 160 kA/m, the viscosity of kerosene gradually decreased as the magnetization time increased. The decrease in the kerosene viscosity increased its dispersion in the pulp, thereby improving the flotation.




3.5. FTIR Characterization of Molybdenite before and after Magnetization of Kerosene


The infrared spectra of kerosene adsorbed on the surface of molybdenite before and after magnetization are shown in Figure 10. There were the characteristic absorption peaks at 3435 and 1625 cm−1 in molybdenite before the action of the collector, which were mainly caused by the stretching vibrations of -OH and the adsorbed water, consistent with the research of Derycke et al. [29]. The characteristic absorption peak of sulfate located at 1100 cm−1 was caused by the oxidation of molybdenite.



There were absorption peaks at 2957, 2925, 2855, and 1464 cm−1 after the action of unmagnetized kerosene, which correspond to -CH and -CH3 stretching vibration peaks, C-H symmetric stretching vibration peaks in methylene, antisymmetric deformation of -CH3, and shear vibration peaks of -CH2 [28,30]. The results show that unmagnetized kerosene was adsorbed on the surface of molybdenite. Similarly, the characteristic absorption peaks were located at 2957, 2925, 2855, and 1464 cm−1 after the interaction between magnetized kerosene and molybdenite, indicating that magnetized kerosene molecules were also adsorbed on the surface of molybdenite [30].




3.6. Mechanism of Magnetized Kerosene Improving the Flotation of Molybdenite


The results of the effects of magnetized kerosene on the surface tension and viscosity showed that the magnetic field had a certain effect on the physical properties of kerosene. Kerosene was usually distributed in the form of small droplets when dissolved in water, and the distribution form of kerosene after magnetization in water also changed with the changes in the physical and chemical properties. According to Zhu Wenwen’s explanation about the change in the fuel molecular magnetism, kerosene’s viscosity was reduced and its molecular magnetism was changed. The results are shown in Figure 11. According to Guo Hejun’s [31] analysis on the mechanism of magnetized fuel energy-saving, the schematic diagram of magnetized kerosene improving the flotation of molybdenite was established, as shown in Figure 12.



Kerosene is a diamagnetic hydrocarbon. The vector magnetic moment of the kerosene molecule was zero without an external magnetic field, and kerosene was distributed in the form of small droplets in the magnetic field. The kerosene molecules with additional magnetic moments were arranged against the direction of the external magnetic field when the kerosene was magnetized in the magnetic field. According to the theory of magnetic moment interaction, the interactive force between two magnetic moments arranged in parallel is a repulsive force, as shown in Figure 11a, whereas the interaction between two magnetic moments arranged along the same straight line is an attractive force, as shown in Figure 11b. The small droplets of kerosene arranged in parallel repelled each other, but they attracted each other along the same straight line, and kerosene maintained a certain short-chain form after magnetization in the magnetic field. Liquid has the characteristics of short-range order—that is, a liquid’s molecules maintain a certain regular arrangement in a small range for a short time, which is destroyed when the liquid leaves the magnetic field. According to the nature of a magnetic moment’s interactive force, the molecular groups of kerosene combined by van der Waals forces (intermolecular forces) before magnetization tended to be linear molecular chains in the magnetic field, as shown in Figure 12. The linear molecular chain was not too long in the presence of the non-uniform flow rate of the hydrocarbon oil in the direction of the magnetic field. Moreover, the additional magnetic moment disappeared after kerosene left the magnetic field, resulting in the fracturing of the molecular chain. In other words, the tightness of hydrocarbon oil molecules decreased. The agglomerations of kerosene composed of many small droplets became agglomerations of small numbers of droplets under the action of an external magnetic field, which improved the dispersion of kerosene in the slurry.



The physical and chemical properties of kerosene were changed after magnetization, which led to relatively small oil droplets in the slurry. The kerosene molecules were better dispersed in the pulp, the specific surface area of kerosene dispersed in the pulp was increased, and the collision probability between kerosene oil mass and molybdenite was enhanced, thereby improving the flotation of molybdenite.





4. Conclusions


	
Magnetized kerosene improved the flotation recovery of molybdenite, and the improvement increased as the molybdenite particle size decreased.



	
Magnetization did not change the chemical composition of kerosene, but it converted linear aliphatic hydrocarbons in kerosene to linear isomers and reduced the lengths of the carbon chains.



	
Magnetization reduced the viscosity of kerosene and oil/water interfacial tension, and improved the dispersion of kerosene in the pulp. The applied magnetic field transformed the disorder of the additional magnetic moment in kerosene molecules into order, and reduced the compactness of the kerosene molecules.
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Figure 1. The XRD pattern of our molybdenite. 
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Figure 2. Schematic diagram of magnetization equipment system. 1—vessel; 2—magnetization equipment; 3—pump; 4—electromagnetic flowmeter; 5—regulating valve. 
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Figure 3. Effect of kerosene magnetized with different magnetic intensities on molybdenite floatability. Magnetization time of 5 min, dosage of 60 mg/L, dosage of terpineol oil of 40 mg/L, and pH of 6. 
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Figure 4. Effect of magnetized kerosene with different magnetic times on molybdenite floatability. The magnetic field strength was 160 kA/m, the amount of kerosene was 60 mg/L, the amount of terpineol oil was 40 mg/L, and the pH was 6. 
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Figure 5. Effects of kerosene demagnetization time on the floatability of molybdenite. The magnetization time of kerosene was 5 min, the magnetization magnetic field intensity was 160 kA/m, the amount of kerosene was 60 mg/L, the amount of terpineol oil was 40 mg/L, and the pH was 6. 
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Figure 6. Ultraviolet absorption spectra of kerosene before and after magnetization. 
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Figure 7. Infrared analysis of kerosene before and after modification in magnetic fields. The corresponding magnetic field intensities of 1–5# were 0, 40, 80, 160, and 240 kA/m, respectively, and the magnetization time was 10 min. (a) Infrared spectrum analysis of kerosene magnetized with different magnetic field intensities; (b–f) Narrow slit peak fitting of 1~5# samples with different magnetic field intensities. 
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Figure 8. Variations in oil/gas and oil/water interfacial tension with magnetization conditions. (a) Magnetic field intensity; (b) magnetization time. 
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Figure 9. Effect of magnetization on surface tension of kerosene. (a) Magnetic field intensity; (b) magnetization time. 
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Figure 10. Infrared analysis of molybdenite before and after adsorption of kerosene. The magnetization magnetic field intensity was 160 kA/m, and the magnetization time was 5 min. 
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Figure 11. Arrangement of additional magnetic moments of kerosene molecules before and after magnetization. (a) before magnetization; (b) after magnetization. 
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Figure 12. Mechanism of magnetized kerosene improving molybdenite flotation. 
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Table 1. Results of the particle size distribution of molybdenite.
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	Particle Size Range/μm
	D10/μm
	D50/μm
	D90/μm
	Average Particle Size/μm





	−180 + 125
	19.942
	52.48
	145.4
	138.74



	−125 + 74
	29.179
	49.00
	113.3
	87.45



	−74 + 45
	33.81
	59.96
	75.97
	65.30



	−45 + 20
	3.277
	18.55
	44.50
	28.49



	−20
	1.908
	8.182
	18.21
	11.04
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Table 2. Methyl and methylene infrared spectra were used to fit the parameters of absorption peaks.
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Sample No.

	
Peak/cm−1

	
Attribution

	
Peak Area

	
Ratio/%






	
1#

	
2957.5

	
-CH3

	
216.4

	
58.66




	
2920.7

	
-CH3

	
700.5




	
2859.4

	
-CH

	
646.1

	
41.34




	
2#

	
2956.9

	
-CH3

	
215.0

	
60.70




	
2919.8

	
-CH3

	
747.9




	
2859.0

	
-CH

	
623.3

	
39.30




	
3#

	
2957.7

	
-CH3

	
340.6

	
62.62




	
2919.3

	
-CH3

	
1289.6




	
2857.4

	
-CH

	
972.9

	
37.38




	
4#

	
2957.7

	
-CH3

	
343.9

	
64.27




	
2919.2

	
-CH3

	
1357.3




	
2857.6

	
-CH

	
945.7

	
35.73




	
5#

	
2958.1

	
-CH3

	
352.8

	
65.52




	
2919.6

	
-CH3

	
1298.6




	
2858.5

	
-CH

	
869.2

	
34.48
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