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Study on regulators of purifying 
magnesite ore by cationic reverse 
flotation
Pengcheng Li1, Shujuan Dai1*, Wenhan Sun2* & Mingyang Fan1

The floatability of magnesite, dolomite and quartz is a major factor affecting the removal of silicon 
and calcium from magnesite ore. The effect of the regulators sodium hexametaphosphate (SH), 
sodium silicate (SS), trisodium phosphate (TP), tannic acid (TN) and monoammonium oxalate (OA) on 
the floatability of magnesite, dolomite, and quartz under the ether amine (EAH) system was studied. 
The results show that the five regulators have relatively little influence on the floatability of quartz 
and magnesite. Dolomite can be activated when the dosage of SH is less than 40 mg/L; however, 
dolomite can be inhibited when the SH dosage is greater than 40 mg/L. The other four regulators 
have inhibitory effects on dolomite, and TN and TP have strong inhibitory effects on dolomite. Under 
the conditions of optimum grinding fineness, pH and collector dosage, a recovery of approximately 
70% and a concentrate with a grade of over 47% were obtained by three stages of reverse flotation 
using sodium hexametaphosphate and water glass as regulators and Haicheng magnesite ore 
with an  SiO2 content of 2.38% and a CaO content of 0.75%. Potentiometric measurements and 
infrared spectroscopy analysis show that physical adsorption occurs between the three minerals and 
collectors, while the interaction of magnesite and dolomite with SH and SS involves both physical 
adsorption and chemical adsorption.

Magnesite is a dominant mineral resource in China, which not only ranks first in the world in reserves but also 
accounts for more than 60% of the world’s output due to the good quality of this mineral. China’s magnesite 
is mainly used for refractory materials, which account for more than 80% of its mining volume. At the same 
time, the metallurgical industry consumes the most magnesium refractories, accounting for 70% of the total 
refractory  materials1–3. With the development and utilization of magnesite ore resources, the number of high-
quality resources is decreasing, and the existing stockpiled or unmined magnesite ore cannot meet the quality 
requirements for refractory materials. Therefore, impurity removal and purification of low-grade magnesite ore 
becomes extremely critical. The main useful mineral in magnesite ore is magnesite, and the gangue minerals are 
mainly talc, quartz and dolomite. Flotation is the most commonly used and most effective method for magnesite 
beneficiation and purification, and research on flotation reagents is more important. The main impurities in 
magnesite are silicates and carbonates. In view of the properties of magnesite, more research and development 
on collectors and modifiers have been conducted, and an appropriate amount of modifiers can be combined 
with collectors to more effectively separate magnesite from the gangue  minerals3–9.

To improve the separation efficiency of magnesite and quartz in reverse flotation, Wang  Jinliang10 and others 
developed a new regulator KD-1 and studied its effect in the flotation test of pure minerals and magnesite ore. 
The results show that KD-1 can significantly improve the separation effect during reverse flotation. When the 
dosage of KD-1 is 1500 g/t, the amount of collector can be saved, and the concentrate yield increases obviously. 
Mechanistic studies have shown that uniform foam, fluidity and surface area are increased by KD-1, and quartz 
and magnesite can be better separated. Cheng  Long11 used Materials Studio software to study the strength of 
different inhibitors on the surface of magnesite. The simulation results were verified by pure mineral flotation 
tests. The results show that the inhibitory ability of several inhibitors on magnesite is as follows: EDTA > citric 
acid, tannic acid > water glass > tartaric acid. Feng Qigui et al.12 invented a new flotation process using #2 oil, 
water glass, and oleic acid to obtain a better separation effect by adjusting the dosage of this combination and 
combining it with better process conditions. Zhou  Wenbo13 studied the influence of modifiers on the separa-
tion of cryptocrystalline magnesite and dolomite. The results show that sodium hexametaphosphate can better 
inhibit dolomite and realize the separation of Ca and Mg, followed by the inhibitory effect of water glass and 
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sodium fluorosilicate. Sun  Tichang14 studied the effects of SE as a collector and compared the effects of the 
alkaline regulator JT and acid regulator ST on reverse flotation for the main gangue mineral quartz in a certain 
magnesite. This showed that the flotation index is better under alkaline conditions than under acidic conditions. 
When a large amount of acid regulator is used, it is easy to corrode the equipment. Therefore, an alkaline reverse 
flotation process is recommended.

Taking magnesite, dolomite, and quartz single minerals as the research object, under the cationic collector 
ether amine system, the effect of sodium hexametaphosphate (SH), sodium silicate (SS), trisodium phosphate 
(TP), tannic acid (TN), and monoammonium oxalate (OA) on the floatability of magnesite, dolomite and quartz 
is studied. Then, the flotation and purification effect at the Haicheng Magnesite Ore Refractory General Plant 
was studied.

Test materials and methods
Test materials. Test sample. The magnesite ore used in the test was taken from the Haicheng Pailou min-
ing area (Haicheng Magnesium Ore Refractory Material Plant). The overall colour of the ore is white, and the 
crystalline structure is dominant. The ore was crushed, screened and mixed in the laboratory to prepare a − 2 mm 
sample, a small amount of ore sample was taken for laboratory analysis, and the rest was stored for later use.

The single minerals magnesite, dolomite, and quartz were taken from the Haicheng Magnesium Mine Refrac-
tory Material Plant, Rongcheng Town Yuxi Ma Steel Dolomite Mine and Inner Mongolia Chifeng Quartz Mine, 
respectively. Relatively pure lump ore was selected and put through a series of processes such as manual selection, 
crushing, screening, and grinding. A − 0.106 mm + 0.044 mm particle size was finally obtained for use. Quartz 
must be soaked in dilute hydrochloric acid and repeatedly washed with distilled water to stabilize the pH value 
of the solution at approximately 7, and is ready for later use after drying.

The chemical element analyses of magnesite ore, magnesite, dolomite, and quartz single minerals are shown 
in Table 1, and the X-ray diffraction test results are shown in Fig. 1. 

Table 1 and Fig. 1 show that the MgO content in the magnesite ore is 46.01%, the MgO content is 92.95% 
(IL = 0), and the impurity  SiO2 content is relatively high, followed by CaO and  Fe2O3. The pure mineral sample of 
magnesite contains fewer impurities, in which the MgO content is 47.35%, the MgO content is 98.03% (IL = 0), 
and the  MgCO3 content is over 97%. The main component of dolomite minerals is dolomite, and the contents 
of elemental impurities such as iron, silicon and aluminium are relatively small. The main component of pure 
quartz minerals is  SiO2, with a content of 99.4%. Three kinds of minerals meet the requirements of the pure 
mineral flotation test.

Table 1.  Chemical composition of magnesite ore, and single mineral magnesite, dolomite, and quartz (wt%).

Sample MgO CaO SiO2 Al2O3 Fe2O3 LOI MgO (IL = 0)

Magnesite ore 46.01 0.75 2.38 0.13 0.23 50.5 92.95

Magnesite 47.35 0.25 0.19 0.34 0.17 51.70 98.03

Dolomite 22.24 29.99 0.64 0.34 0.15 46.5

Quartz 0.08 0.01 99.4 0.22 0.01 –

C
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Figure 1.  XRD pattern of sample.
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Test agent. The reagents used in the flotation test are ether amine, sodium silicate  (Na2SiO3·mH2O), and #2 oil 
 (C10H17O), which are industrial products taken from the manufacturer. Sodium hexametaphosphate, trisodium 
phosphate, tannic acid and ammonium oxalate are chemically pure or analytically pure and purchased from a 
reagent sales company.

The ether amine was acidified with hydrochloric acid, and the ether amine hydrochloride solution was used 
as the flotation collector. The molar ratio of ether amine to hydrochloric acid is 1/1.1, and the amount of acidified 
ether amine (EAH) collector is based on the amount of ether amine.

Test method. Single mineral flotation test. The pure mineral flotation test uses the hanging tank XFGC 
type flotation machine used in the laboratory, the flotation tank volume is 30 mL, the flotation machine speed 
is 1800 r/min, and the test water is distilled water. Each experiment uses 3 g pure minerals and 25 mL distilled 
water. After adding the regulator and the collector, each mixture is stirred for 1–3 min. After 4 min of flotation, a 
circulating water vacuum pump was used to filter, dry, and weigh the foam product and the product in the tank.

Ore flotation test. The actual ore flotation test uses an XFD flotation machine with a flotation cell volume of 1 L. 
The flotation machine speed is 1800 r/min, 400 g ore samples are taken each time, and the slurry concentration is 
33.33%. The flotation test is carried out with three sequential reverse flotation processes. Chemicals were added 
in the order of pH adjuster, adjuster, and collector and stirred for 1–3 min. After flotation, the concentrate and 
tailings were filtered and dried to calculate the product weight and recovery, and then laboratory analysis was 
conducted.

Test method for electrokinetic potential measurement. The electrokinetic potential was measured using a JS94H 
microelectrophoresis instrument to compare the surface potentials of magnesite, dolomite and quartz in dis-
tilled water, the regulator solution, and the collector solution. The ore sample to be tested was ground to − 5 μm 
with a ZXM-1 vibration mill. A sample of 0.5 g of the mineral was taken. The reagents and distilled water were 
added to make a solution and stirred with a magnetic stirrer for 5 min. The pH value of the solution was adjusted 
(HCl or NaOH) and stirred for 5 min before measurement. A total of 0.5 mL of liquid was taken each time and 
placed into the Zetaprobe measuring cup to measure the electrokinetic potential. This measurement was con-
ducted 4–6 times for each sample, the interference numbers were removed, and the average of the remaining 
values was taken.

Fourier transform infrared (FTIR) spectra. The pure minerals to be tested were added to the aqueous solution 
containing a certain dose of flotation agent in a certain proportion, the pH was adjusted with hydrochloric acid, 
and the mixture was fully stirred. It was then filtered, washed with distilled water, and placed in an oven for dry-
ing. The prepared sample to be tested was mixed with KBr in an appropriate ratio, pressed into tablets, and then 
placed in a Nicolet 380 FT-IR infrared spectrometer for measurement.

X‑ray diffraction measurement. The sample to be tested was ground to − 45 μm, spread onto a flat surface on a 
slide, and placed in an X-ray diffractometer at room temperature for testing. The diffraction pattern analysis is 
based on the PDF2-2004 card version of the International Diffraction Data Center (JCPDS-ICDD) of the Joint 
Committee on Powder Diffraction Data Standards.

Test results and analysis
Flotation test of a single mineral under an ether amine system. Under the ether amine system, the 
flotation behaviour of magnesite, dolomite, and quartz single minerals was studied. The effects of EAH dosage, 
pulp pH value, and dosage of the regulators SH, SS, TP, TN, OA on the floatability of magnesite, dolomite and 
quartz were  investigated15.

The influence of EAH dosage on mineral flotation. Under natural pH conditions, when EAH was used as a col-
lector, the effects of different dosages on the floatability of magnesite, dolomite and quartz were investigated. 
Figure 2 shows the test results.

Figure 2 shows that as the amount of EAH increases, the recovery of the three minerals gradually increases, 
and quartz has the best floatability. When the amount of EAH is greater than 50 mg/L, the floatation rate is main-
tained at approximately 90%, the floatability of dolomite is better, the floatability of magnesite is the worst, and 
the floatation rate is also the lowest. Overall, the amount of the collector ether amine was selected to be 150 mg/L.

The influence of pulp pH on mineral floatability. The role of the pH adjuster was to adjust the acid–base environ-
ment of the pulp, controlling the surface characteristics of the mineral, and changing the chemical composition 
of the pulp.  H+ and  OH− ions can change the hydration intensity of the mineral surface by interacting with the 
mineral surface and adsorb collector  ions16. Therefore, the pH value of the pulp was an important condition for 
flotation.

Under the condition of 150 mg/L collector EAH, the pH value of the slurry was adjusted with HCl and NaOH 
to investigate the influence of the pH value on the floatability of magnesite, dolomite and quartz. Figure 3 shows 
the experimental results of pH.

Figure 3 shows that the floatation rate of quartz increases first and then decreases with increasing pH. The 
floatation rate is the highest when the pH value is 5–6, and it is stable between 92 and 93%. When the pH is 2–5, 
the floatation rate of dolomite shows an increasing trend. At pH values greater than 5, the floatation rate gradually 
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decreases, but the fluctuation of the floatation rate is small. The floatation rate of magnesite gradually decreases 
with increasing pH value, but it always remains between 70 and 75%, and the change is small. The results show 
that in an acidic environment, EAH has the strongest ability to collect quartz, followed by dolomite. Considered 
comprehensively, the pH should be approximately 5, which is beneficial to the separation of quartz and dolomite 
from magnesite ore by reverse flotation. At this time, the floatation rates of magnesite, dolomite and quartz are 
approximately 75.5%, 86.5% and 94%, respectively.

The influence of the type and amount of adjuster on mineral floatability. The  Na4P6O18
2− ions ionized by SH 

in the slurry have strong activity and easily form stable hydrophilic complexes with  Ca2+,  Fe3+ and  Mg2+ ions, 
thereby affecting the floatability of minerals containing these  ions17. SS is often used as an inhibitor of carbonate 
minerals such as calcite and limestone and gangue minerals such as quartz and silicate. TP, TN, and OA are also 
commonly used regulators for magnesite flotation, which can effectively inhibit gangue minerals such as quartz 
and  silicate18. At the same time, SH and SS also specifically disperse  sludge17. Under the conditions of a collector 
dosage of 150 mg/L and a pH of approximately 5, the effects of the dosage of the five regulators on the floatability 
of magnesite, dolomite and quartz were investigated. Figure 4 shows the test results.

Figure 4a shows that SH has little effect on the recovery of quartz and has a greater impact on the recovery of 
magnesite and dolomite. When the dosage of SH is less than 40 mg/L, it can activate dolomite. When the dosage 
is 40 mg/L, the activation effect on dolomite is most obvious. When the dosage of SH is greater than 40 mg/L, 
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Figure 2.  Experimental results of the dosage of the collector.
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it can inhibit dolomite. SH has an overall inhibitory effect on magnesite, and only when the amount of SH is 
approximately 60 mg/L can magnesite be activated.

When TN is added, the floatation rate of quartz increases slightly, but the increase is small. TN has an activat-
ing effect on magnesite and an inhibitory effect on dolomite.

Figure 4b shows that SS has a certain inhibitory effect on magnesite, dolomite and quartz. As the amount of 
SS increases, the recovery of quartz changes little, and the recovery of dolomite first decreases, then increases 
and then decreases again. As the dosage of SS increased from 100 to 500 mg/L, the floatation rate of magnesite 
gradually decreased from 76.32 to 68.21%. SS has an inhibitory effect on magnesite, and its strength is greater 
than that of quartz.

Figure 4c shows that TP has little effect on the recovery of magnesite and quartz but has a great effect on 
dolomite, and TP has an inhibitory effect on dolomite.

Figure 4d shows that with increasing OA dosage, the recoveries of magnesite, dolomite and quartz all decrease 
slightly. It has little effect on the recovery of quartz and magnesite and has a greater impact on the recovery of 
dolomite.

Considering Fig. 4a,d, of the five kinds of regulators, TN activates quartz; SH has little effect on the floatability 
of quartz; TP, SS and OA inhibit quartz; the order of inhibition effect is: TP > OA > SS. The five regulators have 
little effect on the floatability of magnesite. SH has an inhibitory effect on magnesite. Only when the dosage of SH 
is approximately 60 mg/L can magnesite be activated. TN has an activating effect on magnesite; TP has little effect 
on the floatability of magnesite; SS and OA have an inhibitory effect on magnesite; and the five modifiers have 
little effect on the floatability of magnesite. When the dosage of SH is less than 40 mg/L, it can activate dolomite, 
and when the dosage of SH is greater than 40 mg/L, it can inhibit dolomite. TN, TP, OA and SS have inhibitory 
effects on dolomite, and TN, TP and OA have equivalent inhibitory effects on dolomite and are stronger than SS.

The lower the content of  SiO2 in the magnesite concentrate is, the higher the quality of the concentrate. A 
lower CaO content in the concentrate is preferred to maintain the CaO content over two times the  SiO2 content. 
Under the condition of CaO/SiO2 ≥ 2, the quality of the concentrate with a low CaO content is better.

0 20 40 60 80 100
60

70

80

90

100

 Magnesite+SH
 Dolomite+SH
 Quartz+SH
 Magnesite+TN
 Dolomite+TN
 Quartz+TN

R
ec

ov
er

y 
(%

)

Dosage of adjuster (mg/L)

(a)

0 100 200 300 400 500
60

70

80

90

100

 Magnesite+SS
 Dolomite+SS
 Quartz+SS

R
ec

ov
er

y 
(%

)

Dosage of adjuster (mg/L)

(b)

0 40 80 120 160
60

70

80

90

100

 Magnesite+TP
 Dolomite+TP
 Quartz+TP

R
ec

ov
er

y 
(%

)

Dosage of adjuster (mg/L)

(c)

0 40 80 120 160 200
60

70

80

90

100

 Magnesite+OA
 Dolomite+OA
 Quartz+OA

R
ec

ov
er

y 
(%

)

Dosage of adjuster (mg/L)

(d)

Figure 4.  The effect on floatability of the regulators SH and TN (a), SS (b), TP (c), and OA (d).
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Depending on the content of silicon and calcium in magnesite flotation, the process and technology used 
are different. For ores with low  SiO2 content (generally less than 2–3%) and low CaO content (generally less 
than 0.5%). The cationic reverse flotation process of inhibiting magnesium and floating silicon is adopted, and 
the floating calcium must be inhibited. The purpose of flotation is only to remove silicon, and calcium enters 
the concentrate. For ores with low  SiO2 content (generally less than 2–3%) and CaO content 0.6–1%, the cation 
reverse flotation of magnesium inhibiting floatation of silicon is adopted, but calcium needs to be activated. While 
silicon is removed, part of the calcium is also removed. For high-silicon and high-calcium ore, cationic reverse 
flotation is used to remove most of the silicon, and then anionic positive flotation is used to remove calcium and 
a little silicon that is difficult to remove in the reverse flotation stage.

Flotation test of a certain magnesite ore in the Haicheng area. The  SiO2 content in the magnesite 
ore is 2.38%, and the CaO content is 0.75%. Therefore, it is more appropriate to use a single reverse flotation pro-
cess to float silicon, and to inhibit magnesium and activate calcium to remove silicon impurities while removing 
some calcium.

The pure mineral test shows that a single reverse flotation process with SH and SS as regulators can achieve 
effective removal of silicon and part of the calcium at the same time. After the condition test, it was determined 
that the suitable grinding fineness was − 0.074 mm (accounting for 85%), the pulp pH was 5, and the flotation 
process consisted of three reverse flotation processes. The amount of collector EAH was 150 g/t (75 g/t, 50 g/t, 
25 g/t for 3 flotation cycles). Under these conditions, the influence of SH and SS on the flotation effect was 
investigated, and Fig. 5 shows the test results.

Figure 5a shows that as the amount of SH increases, the MgO grade first increases and then decreases, and the 
recovery continues to decrease. Considering the concentrate grade and recovery, the SH dosage was determined 
to be 150 g/t. At this time, the concentrate grade is 47.19%, and the concentrate recovery is 70.3%. Figure 5b 
shows that when the amount of SS is increased from 250 to 750 g/t, the recovery of the MgO grade shows an 
increasing trend. As the amount of SS continues to increase, the recovery of concentrate continues to increase, 
but the grade of concentrate MgO begins to decrease. When the amount of SS was 1500 g/t, the concentrate 
grade was 47.01%, and the concentrate recovery was 69.3%. Comparing SH and SS regulators, under the same 
condition of obtaining concentrate grade, the recovery when using SH as regulator is 1% higher than when 
using SS as regulator.

Research on the role of agents and minerals. Electrokinetic potential analysis. In aqueous solution, 
minerals dissolve selectively so that the surface of the minerals has a certain amount of positive and negative 
charges. The adsorption of the agent and the minerals will be affected by the electrical properties and potential 
of the mineral surface. In addition, the degree of dispersion of mineral particles in the slurry is also controlled by 
the electrical properties of the mineral surface, and the degree of dispersion of mineral particles will also affect 
the flotation  effect19.

The pH was adjusted with HCl and NaOH. The electrokinetic potential values of three kinds of pure minerals, 
minerals and EAH (120 mg/L), minerals and SH (20 mg/L), and minerals and SS (200 mg/L) were measured. 
Figure 6 shows the zeta potential as the pH changes.

Figure 6a shows that the zero electric points of magnesite and dolomite are approximately pH 5.1 and 6.0, 
respectively, and the isoelectric point of quartz is pH = 2.1. In pH ranges where pH > 2.1, the surface of quartz 
is negatively charged, so it is more suitable to use a cation collector to collect quartz. In an acidic environment, 
magnesite and dolomite easily dissolve, so the zeta potentials of magnesite and dolomite in strong acids may 
be affected. When EAH is added, the separated  OH− is increased, ether amine is adsorbed on the surface of 
magnesite, and  OH− will generate Mg(OH)2 on the surface of a small amount of magnesite, which will increase 
the electrokinetic potential of the magnesite surface. The zeta potential of dolomite decreases with increasing 
alkalinity as a whole. After adding ether amine, the zero electric point of dolomite moves in the alkaline direc-
tion. When the dosage of EAH is 120 mg/L, the zero electric point of dolomite is pH = 7.6. The addition of EAH 
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Figure 5.  Influence on flotation effect of SH (a) and SS (b).
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causes the zero electric point of magnesite, dolomite, and quartz to move obviously in the alkaline direction. 
The movement range is quartz > dolomite > magnesite, indicating that the adsorption capacity of the collector 
on the surface of the three minerals is quartz > dolomite > magnesite. This result is consistent with the results of 
the flotation test (Fig. 2).

Figure 6b shows that the addition of SH significantly reduces the zeta potential of magnesite, and the zero 
electric point shifts slightly toward alkaline. The isoelectric point of dolomite moves in the acidic direction 
with the addition of SH, and the pH at the zero electric point has a slight change. The zeta potential of quartz 
is hardly affected by the addition of SH. The zeta potential of magnesite was only slightly reduced by SS, and 
the isoelectric point pH was approximately 5.8. The addition of SS did not affect the electrical properties of the 
dolomite surface, and the zero electrical point position did not change. When SS is added, the zeta potential of 
quartz drops significantly.

SS mainly exists in the form of Si(OH)3 at pH = 5–6, followed by a small amount of SiO(OH)3−, and mostly 
exists in  SiO2(OH)2

2− in alkaline environments. It is not difficult to explain that in the potential test, water glass 
has a significant effect on reducing the zeta potential of the mineral surface under alkaline conditions. This is 
mainly caused by the adsorption of SiO(OH)3− and  SiO2(OH)2

2− on the surface of minerals by physical electro-
static forces.

Infrared spectrum analysis. Figure 7 shows the results of infrared spectroscopy analysis before and after the 
interaction of three pure minerals with EAH, and magnesite and dolomite with SH and SS.

Figure 7a shows magnesite, dolomite and quartz before and after the interaction with EAH. The peak positions 
of quartz, dolomite, and magnesite are not shifted, indicating that physical adsorption occurs between the three 
minerals and EAH, and there is no chemical adsorption, which is consistent with the previous zeta potential 
analysis results. This may be due to the electrostatic adsorption of  RNH3

+ and  (RNH3)2
2+ plasma on the surface 

of minerals in the amine chemical solution.
Figure 7b shows that after the interaction of magnesite and SH, a tiny new peak appeared at 710  cm−1, and the 

peak intensity at 2538  cm−1  increased20. After the action of dolomite with SH, new peaks appeared at 682  cm−1 
and 1103  cm−1, of which 1103  cm−1 was the P–O stretching vibration peak. The peak intensity at 2531  cm−1 also 
increased significantly, and the P=O stretching vibration peak at 1277  cm−1 was not very obvious because it was 
near the antisymmetric stretching vibration frequency of  CO3

2− 1453.79  cm−121. Therefore, SH is chemically 
adsorbed with magnesite and dolomite, but the adsorption effect with dolomite is obviously stronger than that 
of magnesite, which changes the floatability of minerals to varying degrees.

After the action of SS, the peak of magnesite at 2536.89  cm−1 changed and shifted significantly, and the 
characteristic peak of  CO3

2− also changed significantly. After the interaction of dolomite with SS, two Si–OH 
and Si–O–Si stretching vibration peaks appeared at 3449  cm−1 and 683  cm−1. The peak shape of the absorption 
peak (1440  cm−1) of the  CO3

2− group of dolomite itself also became sharp. The appearance and changes of the 
abovementioned various new peaks indicate that SS and the two minerals are chemically adsorbed, and the 
adsorption effect of water glass on dolomite is obviously better than that on magnesite.

Charge analysis and solution chemistry of mineral surfaces. Magnesite and dolomite carbonate ion 
crystals and carbonate minerals dissolve in acidic water, and the dissolution rate is negatively related 
to the pH value of the slurry. The pH value of the slurry is affected by the concentration of  CO2 and min-
eral lattice ions in the matrix. The order of ion concentration of magnesite in pH 5 aqueous solution is 
 Mg2+ >  MgOH+  >  H2CO3 >  HCO3

−, and the order of ion concentration of dolomite in pH 5–6 aqueous solution 
is  Ca2+ >  Mg2+ >  MgOH+  >  CaOH+ >  HCO3

− >  H2CO3 >  CO2
2−.

The main component of SH is  (NaPO3)6, which has strong  adsorption22. SH is dissolved in water, and the 
research results show that when the pH is less than 2.15,  H3PO4 is the dominant component.  H2PO4

− is the domi-
nant component in the pH range of 2.15 < pH < 7.2. The pH range in which  HPO4

2− is the dominant component is 
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Figure 6.  Zeta potential with pH change.
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7.2 < pH < 12.35, and  PO4
3− dominates when pH > 12.35. Therefore, when the flotation test is between pH = 5–6, 

the phosphate anion and a small amount of hydrolysed product  H2PO4
− dominate in the SH solution.

SS is easy to dissolve in water. Some research results show that when the pH is less than 9.4, the dominant 
component is Si(OH)4; when pH ≥ 9.4, SiO(OH)3

− is dominant; and when pH ≥ 12.6,  SiO2(OH)2
2− is dominant. 

Therefore, when the flotation test is between pH = 5–6, it can be considered that the monosilicic acid Si(OH)4 in 
the water glass is an effective component with an inhibitory  effect23.

The chemical equilibrium of ether amine in aqueous solution is:

The research results show that in an acidic pH environment, amines mainly exist in the form of ions and 
when pH > 5, amine molecules gradually form. The existence of amine molecules provides the possibility for the 
formation of "acid soap" dimers. That is, the greater the concentration of amine molecules in the flotation slurry 
with a pH of approximately 5, the main forms of amines are  RNH3

+ and  (RNH3)2
2+, as well as a small amount 

of  RNH2 in molecular form.

Conclusions

(1) In the collector ether amine system, at a slurry pH of 5.0, ether amine has a certain collection effect on 
magnesite, dolomite, and quartz, and the collection capacity gradually increases with the increase in the 
amount of ether amine. Quartz has the highest floating rate among the three pure minerals, followed by 
dolomite and magnesite. The regulators sodium hexametaphosphate, sodium silicate, trisodium phosphate, 
tannic acid and ammonium oxalate have a certain effect on the floating rate of the three minerals. For 
reverse flotation to remove gangue mainly containing silica gangue minerals, sodium hexametaphosphate 
is the most effective, followed by sodium silicate.

(2) The actual ore flotation adopts a single reverse flotation process. At a grinding fineness of − 0.074 mm, the 
content was 85%, the reverse flotation pH was 5.0, and the ether amine dosage was 150 g/t (75 g/t for the 
first stage, 50 g/t for the second stage, 25 g/t for the third stage). The amount of hexametaphosphoric acid 
used alone was 150 g/t, and the process of one coarse and two fine flotations was adopted. The MgO content 
of the concentrate is 47.19%, the  SiO2 grade is less than 0.25%, the CaO grade is approximately 0.6%, and 
the concentrate yield is greater than 70%.

RNH2(s) ↔ RNH2

(

aq
)

,

RNH3+
↔ RNH2,

2RNH+

3 ↔ (RNH3)
2+
2 ,

NH+

3 + RNH2 ↔ (RNH2 · RNH3)
+.
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(3) The surface electrical property measurements, infrared spectroscopy analyses, and chemical solution calcu-
lations show that there are both chemical adsorption and physical adsorption on the surface of sodium hex-
ametaphosphate and water glass and minerals (dolomite and magnesite). Acidified ether amine, magnesite 
and dolomite are mainly physically adsorbed. When pH = 5.0–6.0, the phosphate anion and a small amount 
of hydrolysis product  H2PO4

− in the sodium hexametaphosphate solution are dominant. Monosilicic acid 
Si(OH)4 in the water glass solution is the main component of water glass in flotation.

Received: 25 May 2021; Accepted: 11 August 2021

References
 1. Liu, W. et al. An ion-tolerance collector AESNa for effective flotation of magnesite from dolomite. Miner. Eng. 170, 106991 (2021).
 2. Yue, Q. How does the magnesite industry respond to the challenge of joining WTO——thinking about the development situation 

of Liaoning magnesite mining industry. Land Resour. 1, 22–23 (2002).
 3. Dai Shujuan, Yu. & Liantao, Z. M. Experimental study on flotation technique for a low-grade magnesite ore from Liaoning Province. 

Min. Metall. Eng. 34(4), 52–54 (2014).
 4. Li, X., Dai, S., Zhou, L. & Li, Y. The removing silicon and improving magnesium experiment study on a Airslaking powder ores 

of the third grade in Liaoning Province. Non‑Met. Mines 35(1), 18–22 (2012).
 5. Sun, W. et al. Effect of Tween 80 on flotation separation of magnesite and dolomite using NaOL as the collector. J. Mol. Liq. 113712, 

315 (2020).
 6. Liu, W. et al. Novel hydroxy polyamine surfactant N-(2-hydroxyethyl)-N-dodecyl-ethanediamine: Its synthesis and flotation 

performance study to quartz. Miner. Eng. 142, 105894 (2015).
 7. Dai Shujuan, Yu., Liantao, L. X., Haitao, S. & Jiahong, H. Research into mechanism of quartz and talc in system of LKD-1 collector. 

China Min. Mag. 24(10), 141–144 (2015).
 8. Liu, W. et al. Effect mechanism of the iso-propanol substituent on amine collectors in the flotation of quartz and magnesite. Powder 

Technol. 360, 1117–1125 (2020).
 9. Zhang, Z., Dai, S., Yu, Q. & Cao, J. Research progress in purification of magnesite by flotation: Based on statistical analysis of CNKI 

related literature. Metal Mine 9, 22–27 (2018).
 10. Wang, J., Sun, T. & Liu, Y. The function of regulator on the separation quartz from magnesite oresby reverse flotation. China Min. 

Mag. 17, 60–64 (2008).
 11. Long, C. & Mingan, W. Study on the effective depressant of magnesite in sodium oleate flotation system. Nonferrous Met. (Miner. 

Process. Sect.) 06, 75–78 (2012).
 12. Wang, D. Principle and Application of Flotation Reagent 124–128 (Metallurgical Industry Press, 1982).
 13. Zhou, W. & Zhang, Y. The effect of the modifiers on flotation separation of aphanitic magnesite from dolomite. Multipurp. Util. 

Miner. Resour. 05, 21–23 (2002).
 14. Tichang, S., Jinliang, W., Anhua, Z. & Liang, C. Study on beneflciability of a magnesite ore from Liaoning. Met. Mine 10, 68–71 

(2007).
 15. Lu, H. & Xue, W. Study on the new technology of flotation of magnesite with etheramine. Nonferrous Met. Miner. Process. Sect. 1, 

9–12 (1993).
 16. Meili, Li. Study on the Application of New Collectors for Magnesite Flotation (University of Science and Technology Liaoning, 2015).
 17. Zhu, Y. & Zhu, J. The Chemical Principle of Flotation Reagent 246–248 (Central South University Press, 1987).
 18. Lijun, L., Guoqiang, R., Jiongtian, L. & Yongtian, W. Experimental study on water glass and sodium hexametaphosphate as inhibi-

tors in the preparation of clean coal. Coal Prep. Technol. 01, 12–14 (2007).
 19. Yuan, G., Zhang, Y., Dai, H., Ye, C. & Wang, Z. Effects of calcium and sodium ions on the Zeta potential of pulp. J. Nanjing For. 

Univ. Nat. Sci. Ed. 03, 119–123 (2011).
 20. Peng, W., Liu, G. & Ke, L. Infrared spectra study of magnesite-siderite series. Acta Mineral. Sin. 5(3), 229–233 (1985).
 21. Ying, H. & Kangnian, Z. The mechanism of separation of francolite and dolomite with phosphates as depressants. J. Wuhan Inst. 

Chem. Technol. 19(4), 40–42 (1997).
 22. Qingnian, D. Infrared Spectroscopy 143–150 (Chemical Industry Press, 1979).
 23. Zhao, Y. & Zhu, G. Atechnology of preparing honeycomb-like structure MgO from low grade magnesite. Int. J. Eral Process. 126, 

35–40 (2014).

Acknowledgements
This work was supported by the National Natural Science Foundation of China (Grant No. 51874168) and the 
Liaoning Revitalization Talents Program (XLYC 2002028).

Author contributions
P.L.: Methodology, data curation, writing-original draft preparation.S.D.: Conceptualization, visualization, 
investigation.W.S.: Validation, writing-reviewing and editing.M.F.: Prepared figuresall authors reviewed the 
manuscript.

Competing interests 
On behalf of all authors, the corresponding author states that there is no conflict of interest. No conflict of inter-
est is created by the submission of this manuscript, and the manuscript has been approved by all the authors 
for publication. On behalf of my co-authors, I can state that the work described in this manuscript is original 
research that has not been published previously and is not under consideration for publication elsewhere, in 
whole. All the authors have approved the enclosed manuscript.

Additional information
Correspondence and requests for materials should be addressed to S.D. or W.S.

Reprints and permissions information is available at www.nature.com/reprints.

www.nature.com/reprints


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:16987  | https://doi.org/10.1038/s41598-021-96549-4

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Study on regulators of purifying magnesite ore by cationic reverse flotation
	Test materials and methods
	Test materials. 
	Test sample. 
	Test agent. 

	Test method. 
	Single mineral flotation test. 
	Ore flotation test. 
	Test method for electrokinetic potential measurement. 
	Fourier transform infrared (FTIR) spectra. 
	X-ray diffraction measurement. 


	Test results and analysis
	Flotation test of a single mineral under an ether amine system. 
	The influence of EAH dosage on mineral flotation. 
	The influence of pulp pH on mineral floatability. 
	The influence of the type and amount of adjuster on mineral floatability. 

	Flotation test of a certain magnesite ore in the Haicheng area. 
	Research on the role of agents and minerals. 
	Electrokinetic potential analysis. 
	Infrared spectrum analysis. 
	Charge analysis and solution chemistry of mineral surfaces. 


	Conclusions
	References
	Acknowledgements


