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Abstract: The effects of carbonate minerals (dolomite and siderite) on the flotation of hematite using sodium oleate as a collector were in-
vestigated through flotation tests, supplemented by dissolution measurements, solution chemistry calculations, zeta-potential measurements, 
Fourier transform infrared (FTIR) spectroscopic studies, and X-ray photoelectron spectroscopy (XPS) analyses. The results of flotation tests 
show that the presence of siderite or dolomite reduced the recovery of hematite and that the inhibiting effects of dolomite were stronger. 
Dissolution measurements, solution chemistry calculations, and flotation tests confirmed that both the cations (Ca2+ and Mg2+) and 2

3CO −  
ions dissolved from dolomite depressed hematite flotation, whereas only the 2

3CO −
 ions dissolved from siderite were responsible for hema-

tite depression. The zeta-potential, FTIR spectroscopic, and XPS analyses indicated that Ca2+, Mg2+, and 2
3CO −  ( 3HCO− ) could adsorb onto 

the hematite surface, thereby hindering the adsorption of sodium oleate, which was the main reason for the inhibiting effects of carbonate 
minerals on hematite flotation. 
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1. Introduction 

The flotation process, which is based on the differences 
in surface physicochemical properties of minerals, is re-
garded as the primary technology for utilizing finely disse-
minated hematite iron ores. The current collectors used for 
hematite flotation can be divided into anionic collectors 
based on organic acids (oleic acid, hydroxamic acid, etc.) 
and cationic collectors such as amines and their salts [1−3]. 
Cationic collectors are the most extensively used in the iron 
ore industry globally. However, in China, anionic collectors 
are widely used [4−6]. 

Hematite iron ores containing carbonate minerals (side-
rite, dolomite, etc.) are a type of refractory iron ores that ex-
ist in some regions in China [7−8]. The presence of carbo-
nate minerals adversely affects the separation efficiency of 
anionic flotation of hematite and decreases the grade and 
recovery of concentrates [9−11]. The hardness of carbonate 
minerals is low, leading to slime problems. Carbonate slimes 

can easily adhere to other minerals and result in similar floata-
bility for gangue and iron oxide minerals, which complicates 
the separation of hematite from gangue minerals [12−13].  

As salt-type minerals, carbonates exhibit relatively high 
solubility and the dissolved species, which include multiva-
lent metal ions and carbonate ions, can undergo reactions such 
as hydrolysis, complexation, and adsorption, which can influ-
ence the interactions between collectors and minerals [14−18]. 
Hematite surface properties are sensitive to ionic species in 
aqueous solutions [19−20]. However, studies about the so-
lubility of carbonate minerals and its potential effects on 
hematite flotation are scarce. 

Therefore, in this work, the dissolution of carbonate min-
erals (dolomite and siderite) and its influence on the flota-
tion of hematite using sodium oleate (NaOl) as a collector were 
investigated through flotation tests, supplemented by dissolu-
tion and solution chemistry studies, zeta-potential measure-
ments, and Fourier transform infrared (FTIR) spectroscopic and 
X-ray photoelectron spectroscopy (XPS) analyses.  
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2. Experimental 

2.1. Minerals and reagents 

The hematite, siderite, and dolomite samples used in this 
study were obtained from Anshan, Liaoning Province, Chi-
na. Hand-picked hematite, siderite, and dolomite were 
crushed, ground, and wet-sieved to obtain the (−106+45) 
μm size fractions. The hematite and siderite samples were 
upgraded using a shaking table to remove light gangue min-
erals. The results of X-ray diffraction and multi-element 
chemical analyses confirmed that the purities of the final 
hematite, siderite, and dolomite samples were 97.4wt%, 
90.9wt%, and 99.1wt%, respectively.  

NaOl, sodium carbonate (Na2CO3), magnesium chloride 
(MgCl2), calcium chloride (CaCl2), and ferrous chloride 
(FeCl2) were obtained from Tianjin Kemiou Chemical Rea-
gent Co., Ltd. Hydrochloric acid (HCl) and sodium hydrox-
ide (NaOH) of analytical grade were used as pH regulators. 
Distilled water was used during all of the experiments. 

2.2. Flotation tests 

The micro-flotation tests were conducted in a 30-mL cell 
of an XFG series laboratory flotation machine. A hematite 
sample or mixtures of hematite with dolomite or siderite 
(2 g) were placed in the cell, to which 20 mL of distilled 
water was added. The pulp was stirred for 1 min at a rotating 
speed of 1750 r/min before the HCl or NaOH solution was 
added to adjust the pH value. The reagents were added into 
the cell every 3 min continuously in the order of pH regula-
tor, modifiers, and collector NaOl. The pulp was agitated for 
3 min after the desired amounts of all of the reagents had 
been added, and the flotation was conducted for 3 min. The 
froth products and tailings were weighed to calculate the 
recovery after filtering and drying. 

2.3. Dissolution tests 

To measure the mineral dissolution rate, the suspensions 
were agitated at 1000 r/min for a fixed period of time after 
5.0 g carbonate minerals (dolomite or siderite) were added 
into 100 mL distilled water. The suspension was then cen-
trifuged at 8000 r/min for 5 min in a model TGL-16 centri-
fuge, and the concentration of ions in the supernatant was 
measured by inductively coupled plasma optical emission 
spectrometry (Optima 4300DV).  

In the above dissolution studies, it was observed that the 
slurry pH value changed when dissolution occurred. To 
study the dissolution and measure the concentration of ions 
in mineral-water slurry at a fixed pH value of 9.0, the dolo-
mite or siderite suspensions were preconditioned for 15 min 

to attain dissolution equilibrium and NaOH or HCl was 
added to adjust the slurry pH value to 9.0. Afterwards, the 
mineral slurry was agitated for 10 min at 1000 r/min while 
the pH value was kept constant. This was followed by cen-
trifugation and metal-ion concentration measurements of the 
centrifuge supernatant. The average of three individual 
measurements was calculated and reported. 

2.4. Zeta-potential measurements 

Zeta-potential measurements were conducted on a Na-
no-ZS90 zeta-potential analyzer of Malvern Instruments. A 
mineral suspension containing 0.01wt% −5-μm hematite in 
1 × 10−3 mol/L KNO3 background electrolyte solution was 
conditioned in a beaker for 15 min at a given pH value and 
reagent concentration. The zeta potentials of hematite were 
measured under each condition, and the average of at least 
ten individual measurements was calculated and reported. 

2.5. FTIR spectral analyses 

The hematite samples were ground to −2 μm in an agate 
mortar. Then, 1 g of the sample was added into 50 mL 
aqueous solution with or without 4 × 10−4 mol/L CaCl2, 4 × 
10−4 mol/L MgCl2, and 2 × 10−4 mol/L Na2CO3, respectively 
at pH 9.0 and preconditioned for 5 min. Afterwards, NaOl 
was added to the mineral suspension to a concentration of 
160 mg/L and the slurry was conditioned for 30 min. Finally, 
the treated samples were filtered, washed three times with 
distilled water, and dried in a vacuum oven at 40°C for 24 h. 
The Fourier transform infrared (FTIR) spectra of the NaOl 
reagent and the untreated and treated minerals were record-
ed through the attenuated total reflection (ATR) mode by a 
Bruker Alpha FTIR spectrophotometer.  

2.6. XPS analyses 

Hematite samples untreated or treated with CaCl2, MgCl2, 
or Na2CO3 at pH 9.0 were prepared. The samples were then 
compacted using a tablet machine into a pressed pellet for 
XPS analysis. XPS spectra were recorded with a Kratos 
AXIS 165 spectrometer using monochromatic (Al) Kα 
X-rays as the sputtering source. A value of 284.8 eV was 
adopted as the standard C (1s) binding energy for calibrating 
the results.  

3. Results and discussion 

3.1. Effects of carbonate minerals on hematite flotation 

The recoveries of hematite, siderite, and dolomite single 
minerals in flotation in a range of NaOl concentrations 
(40–240 mg/L) are presented in Fig. 1. As shown in Fig. 1, 
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the recoveries of the three single minerals increased rapidly 
with increasing NaOl concentration up to 160 mg/L. At 
higher NaOl concentrations, the increase in recovery was 
much slower. Therefore, the subsequent experiments were 
conducted by fixing the sodium oleate concentration at 
160 mg/L. 

 

Fig. 1.  Influence of sodium oleate concentration on the flota-
tion of single minerals at pH 9.0. 

To explore the effects of carbonates on hematite flotation, 
the theoretical recovery (εT) of mixtures (hematite mixed 
with siderite or dolomite) is defined as follows: 

T 1 1 2 2  ε γ ε γ ε= +  (1) 

where ε1 and ε2 are the recovery of hematite and carbonate 
mineral (siderite or dolomite) in single mineral flotation, 
respectively, γ1 is the mass fraction of hematite in the mix-
tures, and γ2 is the mass fraction of siderite or dolomite in 
the mixtures. If the flotation recovery of mixtures approx-
imately equals the theoretical recovery, it can be assumed 
that hematite and carbonate minerals did not affect the flota-
tion of each other; otherwise, it indicates that carbonate 
minerals might interact with hematite and influence its floa-
tability. 

The effects of siderite and dolomite on hematite flotation 
are shown in Fig. 2, and theoretical recoveries of mixtures, 
namely εT(HS) for hematite–siderite mixtures, and εT(HD) for 
hematite–dolomite mixtures, were calculated on the basis of 
Eq. (1). It can be seen from Fig. 2 that the recovery of he-
matite–siderite mixture decreased from approximately 90% 
to 66% when the siderite mass fraction was increased from 
0 to 20%; the recovery of hematite–dolomite mixture de-
creased more significantly and was only at approximately 
40% when the mass fraction of dolomite was 20%. There-
fore, both siderite and dolomite inhibited hematite flotation, 
and the inhibiting effects of dolomite were stronger. Al-
though the addition of carbonate minerals to hematite might 

slightly increase reagent consumption and potentially influ-
ence the flotation results, the degree of recovery reduction 
was much more than that could be accounted for reagent 
consumption. 

 
Fig. 2.  Influence of carbonate minerals on the flotation of 
hematite (pH 9.0; sodium oleate concentration: 160 mg/L). 

3.2. Dissolution of carbonate minerals  

The mineral dissolution rate is defined as the quantity of 
lattice ions released to solution as a function of time, and the 
complexation reactions of dissolved lattice ions can lead to a 
pH change, so the dissolution rate can also be measured by 
the change of solution pH value [21−22]. Fig. 3 shows the 
solution pH value and cation concentrations as a function of 
stirring time (the partial pressure of CO2 was calculated on 
the basis of the volume fraction of CO2 in the atmosphere 
under standard conditions). As shown in Fig. 3, the degree 
of dolomite dissolution is greater than siderite, and more cations 
dissolved from dolomite. The dolomite slurry pH value in-
creased steadily and reached dissolution equilibrium at pH 9.1.  

 

Fig. 3.  Slurry pH value and cation concentrations of the min-
eral–H2O–CO2(g) (PCO2 = 32 Pa) system as a function of stir-
ring time. 
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The slurry pH value reached approximately 7.5 sharply 
after siderite was immersed in aqueous media. However, the 
pH value then decreased and eventually reached approx-
imately 6.0 with increasing stirring time. This phenomenon 
might be due to the difference in hydrolysis rate and the 
strength of ferrous ions and carbonate ions. The protona-
tion of hydrated 2

3CO −  is faster, and this process domi-
nates at the beginning of dissolution, leading to increasing 
solution pH value; however, the deprotonation of hydrated 
Fe2+ is stronger and becomes dominant with increasing 
stirring time, resulting in the eventual decrease of slurry 
pH value [23−24].  

The concentrations of Ca2+, Mg2+, and Fe2+ dissolved 
from dolomite and siderite in distilled water were also de-
termined by fixing the solution pH value at 9.0. The results 
are shown in Fig. 4 and indicate that the concentration of ca-
tions dissolved from dolomite is greater than that of cations 
from siderite, which agrees with the dissolution rate tests. 
The results of dissolution study suggested that the dissolu-
tion of carbonate minerals might influence hematite flota-
tion. Therefore, solution chemistry calculations were con-
ducted to investigate the solution species of siderite and do-
lomite and to identify the species responsible for the flota-
tion depression. 

 

Fig. 4.  Concentrations of cations dissolved from carbonates in 
distilled water (pH 8.95–9.05; PCO2 = 32 Pa). 

3.3. Solution chemistry calculations  

In the flotation process, the residence time is usually too 
short for equilibration to be established between dissolved 
CO2 and the carbonate species, especially in the slight alka-
line region, where the dissolution of CO2 becomes more dif-
ficult [22–23]. Therefore, in this work, solution chemistry 
calculations of carbonate minerals in a closed system were 
carried out. The corresponding reactions and constants used 
in the calculations are listed in Table 1. 

Table 1.  Chemical reactions and equilibrium constants for 
solution chemistry calculations [25] 

Reaction 
Equilibrium  
constant 

2H O H OH+ −+  14
w 10K −=  

2 2
3(s) 3FeCO Fe CO+ −+  10.68

sp1 10K −=  
2 2 2

3 2(s) 3CaMg(CO ) Ca Mg 2CO+ + −+ + 16.56
sp 2 10K −=

2Fe OH FeOH+ − ++   4.5
1 10β =  

2
2Fe 2OH Fe(OH)+ −+   7.4

2 10β =  
2

3Fe 3OH Fe(OH)+ − −+   10.0
3 10β =  

2 2
4Fe 4OH Fe(OH)+ − −+   9.6

4 10β =  

2Ca OH CaOH+ − ++   1.4
5 10β =  

2
2Ca 2OH Ca(OH)+ −+   2.77

6 10β =  

2Mg OH MgOH+ − ++   2.58
7 10β =  

2
2Mg 2OH Mg(OH)+ −+   1.0

8 10β =  
2
3 3CO H HCO− + −+   10.33

1 10K =  

3 2 3HCO H H CO− ++   6.35
2 10K =  

 

On the bases of solubility equilibrium, charge conserva-
tion, and constant ionic product of water in the solution, the 
ionic species distribution of siderite and dolomite as a func-
tion of pH in the closed system was calculated; the results 
for siderite and dolomite are shown in Figs. 5(a) and 5(b), 
respectively. Some species are not shown in the figure be-
cause of their low concentrations. As evident in Fig. 5(a), 
Fe2+ and 3HCO−  are the main species in the siderite–water 
system when the solution pH is approximately 9.0. Fig. 5(b) 
shows that the concentrations of Ca2+ and Mg2+ are almost 
the same in the dolomite–water system, independent of solu-
tion pH. When the pH value of the solution is approximately 
9.0, the species Ca2+, Mg2+, and 3HCO−  are dominant in the 
solution. The results of solution chemistry calculations and 
dissolution tests indicate that multivalent metal ions and 

2
3CO −  ( 3HCO− ) ions dissolved from minerals might be the 

main species inhibiting the flotation of hematite. 

3.4. Effects of cations and carbonate ions on hematite 
flotation  

The recovery of hematite as a function of cation concen-
tration is presented in Fig. 6(a), which shows the effects of 
cations dissolved from carbonate minerals, namely Ca2+, 
Mg2+, and Fe2+ ions, on the flotation of hematite. As shown 
in Fig. 6(a), hematite recovery decreased with increasing 
concentration of Ca2+ and Mg2+. This result indicates that 
both Ca2+ and Mg2+ inhibit hematite flotation. However, the 
flotation results shown in Fig. 6(a) demonstrate that Fe2+ did 
not affect the flotation of hematite. To further investigate the  
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Fig. 5.  Speciation diagrams in the closed aqueous system: (a) siderite; (b) dolomite. 

 

Fig. 6.  Effect of cations on hematite flotation (pH 9.0; sodium oleate concentration: 160 mg/L) (a) and  effect of sodium oleate 
concentration on hematite flotation in the presence of cations (pH 9.0; CaCl2, 4 × 10−4 mol/L; MgCl2, 4 × 10−4 mol/L) (b). 

inhibiting effects of Ca2+ and Mg2+, experiments were con-
ducted in which the NaOl concentration was varied; the results 
are shown in Fig. 6(b). The recoveries of hematite increased 
slightly with increasing concentration of NaOl, and the inhibi-
tion of Ca2+ and Mg2+ could not be effectively dispelled by in-
creasing collector concentration. These results indicate that the 
NaOl consumption by Ca2+ and Mg2+ is not the main reason 
that Ca2+ and Mg2+ depressed hematite flotation, and the inhi-
bition mechanism therefore required further investigation.  

Na2CO3 is a strong base–weak acid salt that can be used 
to regulate the solution pH value. Because carbonate ions 
are suspected to affect hematite flotation, flotation tests were 
carried out in which the pulp pH value was adjusted with 
either NaOH or Na2CO3, and the results are shown in Fig. 7. 
As evident in Fig. 7, compared with NaOH, the recovery of 
hematite was lower when Na2CO3 was used as a pH regula-
tor. These results indicate that carbonate ions adversely af-
fected hematite flotation. 

Therefore, it can be concluded that the main reasons for 
the depressed hematite flotation recovery in the presence of 

dolomite were the inhibiting effects of Ca2+, Mg2+, and 
2
3CO −  dissolved from dolomite. However, only the 2

3CO −  
ions dissolved from siderite depress the flotation of hematite, 
which might explain why the inhibition effect of siderite is 
weaker than that of dolomite. 

 
Fig. 7.  Effect of pH regulators on the flotation of hematite 
(sodium oleate concentration: 160 mg/L). 
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3.5. Zeta-potential analyses 

Zeta potentials of hematite as a function of pH value in 
the absence and presence of Ca2+, Mg2+, and 2

3CO −  were 
measured and the results are shown in Fig. 8. The isoelectric 
point (IEP) of hematite was determined to be approximately 
6.0, in agreement with previously reported values [26−27]. In 
the presence of Ca2+ and Mg2+ ions, the zeta potentials of he-
matite shifted to more positive values in the pH range from 
6.5 to 11.5. However, the zeta potentials were unchanged in 
the pH range from 2.0 to 6.0. These results indicate that Ca2+ 
and Mg2+ adsorb onto the hematite surface more readily in a 
basic pH environment, which coincides with the pH range 
where the hydrolysis of Ca2+ and Mg2+ ions occurs.  

 

Fig. 8.  Zeta potentials of hematite as a function of pH value 
(CaCl2, 4 × 10−4 mol/L; MgCl2, 4 × 10−4 mol/L; Na2CO3, 2 × 
10−4 mol/L when used). 

The Ca2+ and Mg2+ ions may adsorb onto hematite sur-
faces through the first-order hydroxyl species CaOH+ and 
MgOH+ because of their higher surface activities despite 
their low concentrations in the bulk (Fig. 5). The zeta poten-
tials of hematite shifted to more negative values in the pres-
ence of Na2CO3 in the pH range of 8.0–11.0, where 3HCO−  
and 2

3CO −  are the main species. The results imply that 

3HCO−  and 2
3CO −  could overcome electrostatic repulsion 

and adsorb onto negatively charged hematite surfaces. This 
adsorption affinity might be attributable to chemical interac-
tions and hydrogen bonding [28−29]. The results of the 
zeta-potential measurements show that the cations and 

2
3CO −  ( 3HCO− ) ions could absorb onto hematite, influen-

cing its interactions with NaOl. 

3.6. FTIR spectral analysis 

The FTIR spectra of hematite, NaOl, and hematite condi-
tioned with 160 mg/L NaOl at pH 9.0 in the spectral range 
from 1300 to 3100 cm−1 are shown in Fig. 9. The infrared 

spectrum of NaOl in curve (3) of Fig. 9 shows peaks at 2920 
and 2851 cm−1, which are assigned to the asymmetric stret-
ching vibration and the symmetric stretching vibration of 
–CH2, respectively. The asymmetric vibration frequencies of 
–COO− groups are observed at 1560 cm−1, and the symme-
tric vibration frequencies of –COO− groups are observed at 
1445 and 1422 cm−1 [30−32]. Compared with the infrared 
spectrum of hematite in curve (1) of Fig. 9, new strong 
peaks of –COO− (1568, 1461, and 1413 cm−1) and –CH2 
(2914 and 2845 cm−1) stretching vibrations are observed in 
the spectrum of hematite treated with NaOl in curve (2) of 
Fig. 9. These new peaks indicate that NaOl interacted with 
hematite and absorbed onto the surface of hematite, consis-
tent with previously published results [33−34]. 

 
Fig. 9.  FTIR spectra of (1) hematite, (2) hematite treated with 
160 mg/L sodium oleate at pH 9.0, and (3) sodium oleate. 

In the case of the hematite treated with CaCl2 and NaOl 
(curve (3) in Fig. 10), new peaks for –CH2 asymmetric and 
symmetric stretching vibrations appeared at 2916 and 2846 
cm−1, respectively. In the case of the hematite treated with  

 

Fig. 10.  FTIR spectra of hematite treated with (1) 2 × 10−4 
mol/L Na2CO3 and 160 mg/L sodium oleate, (2) 4 × 10−4 mol/L 
MgCl2 and 160 mg/L sodium oleate, (3) 4 × 10−4 mol/L CaCl2 
and 160 mg/L sodium oleate, and (4) 160 mg/L sodium oleate. 
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MgCl2 and NaOl (curve (2) in Fig. 10), new peaks of 
–COO− (1559 cm−1) and –CH2 (2919 and 2849 cm−1) stret-
ching vibrations are observed. No new absorption peaks are 
observed in the spectrum of hematite treated with Na2CO3 
and NaOl (curve (1) of Fig. 10). Compared with the absorp-
tion peaks of –COO− and –CH2 in the spectrum of hematite 
treated with NaOl (curve (4) of Fig. 10), those in the spectra 
shown in curves (1), (2), and (3) are weaker. It can be con-
cluded that cations (Ca2+ and Mg2+) and 2

3CO −  ions lo-
wered the adsorption of NaOl onto hematite. 

3.7. XPS analyses 

To further investigate the mechanism of cations (Ca2+ and 
Mg2+) and 2

3CO −  ions lowering the amount of NaOl ad-
sorbed onto hematite, XPS analyses were carried out and the 
results are presented in Fig. 11 and Table 2. The C (1s) peak 
in the XPS spectrum of hematite (Fig. 11) was due to the 
sample surface contaminants caused by air exposure [35]. 
The peaks at approximately 710.84 and 530.21 eV correspond 
to the presence of iron and oxygen, respectively.  

The results in Table 2 reveal that Ca and Mg appeared on 
the surface of hematite when treated with CaCl2 and MgCl2, 
respectively. Changes in the binding energy of O and Fe 
elements before and after treatment with Ca2+ and Mg2+ 
were less than the measurement error and can be neglected. 
These results indicate that Ca2+ and Mg2+ might adsorb onto 
the hematite surface through physical adsorption, such as 
hydrogen bonding or other mechanisms, consistent with the 
results of the zeta-potential analyses. Hence, the depressive 
effect of Ca2+ and Mg2+ on hematite flotation by NaOl can 
be attributed to two main reasons. First, as shown in Eq. (2), 

the first-order hydroxyl species CaOH+ and MgOH+ might 
occur on the protonated ferric sites via hydrogen bonding:  

+ +FeOH + MeOH FeOH OHMe≡ ≡   (2) 

 

Fig. 11.  XPS spectrum of hematite mineral. 

The solubility products of calcium oleate (15.4) and 
magnesium oleate (13.8) are lower than that of ferric oleate 
(34.2); thus, the CaOH+- and MgOH+-covered hematite sur-
face is less likely to retain adsorbed oleate species than the 
uncovered hematite surface [19,25,36–37]. Second, CaOH+ 
and MgOH+ species may bridge the deprotonated ferric sites 
(oxygen sites), as shown in Eq. (3), forming a hydration 
sheath on the surface of hematite and increasing the surface 
hydrophilicity [18,20].  

+–FeO + MeOH FeOMeOH≡ ≡  (3) 

Meanwhile, free metal cations in the solution could con-
sume a certain amount of NaOl.  

Table 2.  XPS characterization of reference compounds 

Sample 
Content / at% (Binding energy / eV) 

Fe (2p) O (1s) C (1s) Ca (2p) Mg (2s) 

Hematite 13.94 (710.84) 51.69 (530.21) 34.37 (284.8) — — 

Hematite with Ca2+ 13.56 (710.82) 53.09 (530.24) 32.66 (284.8) 0.69 (347.14) — 

Hematite with Mg2+ 13.07 (710.74) 52.36 (530.20) 33.72 (284.8) — 0.85 (90.21) 

Hematite with 2
3CO −  13.95 (711.52) 53.50 (530.27) 32.55 (284.8) — — 

 

As shown in Table 2, the change in binding energy of Fe 
species after treatment with Na2CO3 was 0.68 eV, which is 
greater than the experimental error and indicates that adsorp-
tion between 2

3CO −  and hematite is complex. The depres-
sive effects of 2

3CO −  or 3HCO−  ions are possibly due to 
competitive adsorption between 2

3CO −  ( 3HCO− ) ions and 
oleate ions. Based on the studies, 2

3CO −  ions could interact 
with the Fe sites on the hematite surface mainly through the con-
ceptual models shown in Fig. 12, resulting in a decrease in the 
amount of NaOl adsorbed onto the hematite surface [28–29,38]. 

 

Fig. 12.  Conceptual models of 2
3CO − / 3HCO−  bonding to 

hematite surfaces: (a) monodentate binuclear surface complex; 
(b) hydrogen-bonded surface complex. Dashed lines represent 
hydrogen bonding interactions [38]. 
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4. Conclusions 

The effects of carbonate minerals (dolomite and siderite) 
on hematite flotation using NaOl as a collector were inves-
tigated, and the underlying interaction mechanisms were 
studied. The main observations and conclusions are as fol-
lows. 

(1) Micro flotation results showed that both siderite and 
dolomite reduced the recovery of hematite and that the inhi-
biting effects of dolomite were stronger. Dissolution mea-
surements confirmed that the dissolution of dolomite was 
stronger than siderite at pH 9.0.  

(2) Solution chemistry calculations and the correspond-
ing flotation tests indicated that the cations (Ca2+ and Mg2+) 
and 2

3CO −  ions at pH 9.0 dissolved from dolomite were 
the main species inhibiting the flotation of hematite, whereas 
only the 2

3CO −  ions dissolved from siderite were responsi-
ble for hematite depression. This probably explains why the 
depressive effect of siderite was weaker than that of dolomite.  

(3) Zeta potential, FTIR spectroscopic, and XPS analyses 
indicated that Ca2+, Mg2+, and 2

3CO −  ( 3HCO− ) could ad-
sorb onto the hematite surface, hindering the adsorption of 
NaOl, which was the main reason for the inhibiting effects 
of carbonate minerals on hematite flotation.  
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