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Abstract: In this paper, soluble starch was studied as a depressant of hematite during flotation 
separation of apatite using sodium oleate as a collector. Surface charge measurement, soluble starch 
adsorptions, Fourier transform infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy 
(XPS) were used to understand the interaction mechanisms between minerals (hematite and apatite) 
and soluble starch. The results indicated that chemical interaction between hematite and soluble starch 
was present, and supported the bonding of hydroxyl, while physical adsorption of soluble starch 
molecules with apatite occurred. Results of micro-flotation studies suggested that soluble starch was 
considered as a selective depressant for hematite. The maximum recovery difference between hematite 
and apatite of 77.5% was obtained with 40 mg/dm3 soluble starch. The flotation experiment results of 
natural iron ore showed that flotation indexes with 59.73% Fe, iron recovery of 81.5% and 75.68% of 
dephosphorization ratio were achieved at a soluble starch dosage of 60 mg/dm3. However, a higher 
dosage of soluble starch addition caused the difficulty for flotation separation of apatite from hematite. 
Our results provided theoretical basis for the flotation separation of apatite from iron oxide ores. 
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1. Introduction 

In China, there is an urgent need to focus on utilizing domestic iron ore resources to mitigate risk of 
raw material shortage. However, characterization studies have indicated that most of the iron ore 
deposits in China have been exhibited an increasingly complex mineralogical composition and are 
either refractory or low-quality grade (Yong et al., 2010; Liu et al., 2013; Sun et al., 2015). For example, 
the deposits of high phosphorus hematite ores are widely spread, however, the chemical quality of the 
raw ore falls significantly below established industrial requirement and the minerals are liberated at 
extremely fine size. Thus, the main obstacle associated with exploiting these deposits is the fine 
dissemination of iron, silica, aluminum and phosphorus minerals, which affects the economy of iron 
making process. In fact, amongst these deleterious elements, the phosphorus, occurring primarily as 
apatite is an extremely harmful element in the steel making process, and causes detrimental effects on 
the product, such as increasing hardness and brittleness and decreasing ductility of the products (Nunes 
et al., 2012). Thus, the development of a successful and economic separation technique to remove apatite 
from the high phosphorus iron ores would significantly extend the reserves of phosphorus-content iron 
ores, and enhance the development of iron and steel industries (Fisher-White et al., 2012). 

Reverse flotation, has been considered as one of the most widely utilized technology for high 
phosphorus iron ores separation (Araujo et al., 2005; Filippov et al., 2010; Ma et al., 2011). In reverse 
anionic flotation processing, the apatite is floated with fatty acids collectors after depressing the iron 
oxide by suitable reagents such as starch, dextrin, sodium silicate, and CMC. In addition, a series of 
studies have been undertaken to improve apatite separation efficiency, and also to develop novel 
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collectors to increase the floatability difference between apatite and other minerals (Cao et al., 2015; Liu 
et al., 2017; Jong et al., 2017; Quast, 2017). The results indicated that an effective depressant was essential 
for improving the floatability differences between valuable and gangue minerals. Amongst the above-
mentioned depressing reagents, starch is the most widely used depressant of hematite due to its low 
cost and few negative impacts on the environment. 

The depressant action of starch is due to the starch–hematite interaction, resulting in the coating of 
a natural low energy hydrophobic surface with a hydrophilic film or forming strong chemical 
complexes, and prevents the attachment of air bubbles and the collector from adsorbing onto hematite 
surfaces (Turrer and Peres, 2010). Weisborn et al. (1995) have indicated that the adsorptions of starch 
onto hematite surface are due to the availability of higher concentrations of hydroxylated metal sites 
based on the thermogravimetric analysis, infrared and zeta potential results. Ravishankar and Pradip 
(1995) have proposed the interaction of starch with iron oxide based on the basal plane and cleavage 
plane of iron oxides. Liu-yin et al. (2009) have suggested that hydrogen bonding is the underlying 
adsorption mechanism for starches with the oxide minerals. Recently, evidence has suggested that a 
chemical interaction between the polymer and hematite is the underlying adsorption mechanism for 
starches. Results reported by Somsook et al. (2005) have proposed the interaction between iron and 
polysaccharides based on several studies like TG–DTA, FTIR, EPR, NMR and TEM. Jain et al. (2012) 
have shown the interaction based on the electron density plot indicating the charge transfer between 
the Fe atom of hematite and the oxygen atom of starch. Although the depressant mechanisms of starch 
have been conducted by many researchers, most of them focus on the depressant of starch on the iron 
oxide minerals, and there is little literature on the effect of starch on the gangue minerals floatability, 
such as apatite, etc. Meanwhile, few researches were conducted so far concerning the XPS analysis of 
hematite and apatite surfaces treated with soluble starch. Actually, the investigation of both of the above 
analyses might be essential for understanding the interaction mechanisms between the starch and 
mineral surfaces, which have not yet been well established up to now.   

In this paper, soluble starch has been studied as the depressant of hematite during flotation 
separation of apatite using sodium oleate as the collector. The interaction mechanism between the 
soluble starch and minerals (hematite and apatite) was studied with employment of Zeta-potential, 
Fourier Transform Infrared Spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS). Our 
results might specify the interaction mechanisms between the starch and mineral surfaces and provide 
solidate theoretical basis for the flotation separation of apatite from iron oxide ores. 

2. Experimental 

2.1. Materials and reagents 

High purity hematite and apatite used in the flotation studies were from Luoci dressing plant, affiliated 
in Kunming Iron And Steel Ltd, Yunnan, China, which were assaying 67.3% Fe (Total) and 40.85% P2O5, 
respectively. The natural occurring banded hematite and apatite (BHA) ore was also collected from 
Luoci dressing plant. X-ray diffraction pattern and chemical composition of raw materials are shown in 
Fig. 1 and Table 1, respectively. The finenesses of hematite and apatite were about 95% below 74 μm. The 
fineness of BHA was about 80% below 74 μm. Sodium hydroxide, soluble starch and sodium oleate 
(NaOl) with more than 98% purity were obtained from different chemical companies in China. Pure 
deionized water with a resistivity of 18 MU obtained from a Milli-Q5O system (Billerica, MA, USA) was 
used in all the experiments. 

2.2. Materials and methods 

2.2.1. Flotation experiments 

Pure mineral flotation experiments were carried out in a 50 cm3 flotation cell (RK-FGC5, Wuhan) at 1800 
rpm impeller speed. Mineral sample (2.0 g) was mixed with 40 cm3 od deionized water in flotation cell 
for 1 min (Gao et al. 2016a, b; Wang et al., 2017). Meanwhile, the BHA flotation experiments were carried 
out in 1500 cm3 flotation cell (XFD-63, Wuhan) Li and Gao, 2017; Gao et al., 2018). NaOH were added in 
the pulp for pH adjustment, and the pulp was conditioned for 2 min. Soluble starch and sodium oleate 
(NaOl) were then separately added, and the pulp was conditioned for 2 min with each reagent addition. 
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The flotation time was fixed for 5 min at room temperature (25°C). Recovery of the flotation products, 
Fe grade, P-content and dephosphorization ratio were determined and treated as the indexes to evaluate 
the flotation effects. The dephosphorization ratio (DR) was calculated by the following equation: 

%1001DR ×−= γ
α
β

                                  (1) 

where DR is the dephosphorization ratio of sink product; β is the p-content in sink product; α is the 
p-content in BHA ore andγ is the yield of sink product. 

 

Fig. 1. X-ray diffraction pattern of the materials 

Table 1. Chemical composition of raw materials (wt.%) 

Material Fe2O3 Al2O5 CaO MgO SiO2 P2O5 LOI 

Hematite 96.15 <0.5 0.56 0.14 0.49 0.49 0.41 
Apatite 0.59 <0.05 52.26 <0.005 1.25 40.85 0.53 

BHA 80.05 1.09 3.82 3.10 14.85 2.27 0.48 

 

2.2.2. Adsorption test 

Ultraviolet spectrophotometry was performed to measure the amount of soluble starch adsorption on 
the sample surfaces. 2.0 g of mineral sample was mixed with 35 mL of deionized water in a 50 mL 
volumetric flask for 2 min. NaOH was added to maintain the pH at about 10. Afterward, different 
dosage soluble starch was added to the flask respectively and thus the initial concentration in the 
solution ranged from 10 mg/dm3 to 80 mg/dm3. Then, the flask was placed in a mechanical shaker at 
room temperature for 30 min for a complete adsorption. Finally, the suspension of minerals was 
centrifuged and the supernatant was taken out for determination of soluble starch concentration by 
using a UV–Visible spectrophotometer (UV765, Shanghai) with a wave length of 490 nm. The amount 
of soluble starch adsorbed on each sample was calculated by the following equation: 

v
m

)c(cΓ to −=                                      (2) 

where Γ is the adsorption amount (mg g-1); C0 is the initial concentration of soluble starch in the solution 
(mg/dm3); Ct is the residual concentration of soluble starch in the supernatant (mg/dm3); v is the 
supernatant volume (dm3), and m is the sample weight (g). 

2.2.3. Zeta potential measurements 

Zeta-potential study of the samples before and after interacting with soluble starch was measured using 
the zeta probe analyzer (Zetesizer-3000HS, Malvem Instrument Ltd). All the samples were thoroughly 
equilibrated, and the measurements were recorded in a dilute suspension of 1% solids by weight. Zeta 
potentials of the samples were recorded through artificial determination at different pH conditions. 
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2.2.4. FTIR measurements 

FTIR spectrometer (Tensor, Bruker) was used to determine the interactions that might occur between 
reagents and minerals. Pure minerals were ground to -2 μm in an agate mortar and then conditioned 
with soluble starch in a laboratory stirrer for 30 min at about pH=10. In order to verify the nature of 
soluble starch adsorbed in the pure minerals, the concentration of the reagents used in the FTIR study 
was twenty times as much as that used in pure mineral flotation experiments. At the end, the fully 
interacted samples were separated by filtration, thoroughly rinsed with the corresponding pH solution 
and dried at room temperature. 

2.2.5. X-ray photoelectron spectroscopy (XPS) analysis 

A 2.0 g of the pure mineral was conditioned with 40 mg/dm3 soluble starch in a laboratory stirrer for 
30 min at about pH=10. The fully interacted samples were separated by filtration, thoroughly rinsed 
with the corresponding pH solution and dried at room temperature for XPS analysis. The dry product 
was examined using a PHI5000 Versa Probe II (PHI5000, ULVAC-PHI, Japan) with an Al Ka X-ray 
source. The MultiPak Spectrum software was used to calculate and analyze the spectra and surface 
atomic ratios of the measured samples. The C1s spectral peak at 284.8 eV was obtained to calibrate all 
of the measured spectra as an internal standard for charge compensation. 

3. Results and discussion 

3.1. Flotation of samples 

3.1.1. Effect of soluble starch dosage 

Experiments are carried out on the floatability of apatite in the presence of the collector NaOl (4×10-4 
mol/dm3) and solution pH at 10 on basis of experiment results as a function of soluble starch dosage. 
The results are shown in Fig. 2. It is observed that soluble starch exhibits a depression effect on hematite 
and apatite flotation recovery. Furthermore, this depression on hematite is more obvious than the 
depression on apatite with the increase of soluble starch dosage. When the soluble starch dosage was 0 
mg/dm3, the recovery difference between hematite and apatite is about 56.8%. This indicates that the 
hematite and apatite are floated by NaOl, and it is difficult to selectively separate the two minerals in 
the absence of soluble starch. A max recovery difference between hematite and apatite of 77.5% is 
obtained with 40 mg/dm3 soluble starch dosage addition. With a further increase in the soluble starch 
dosage from 40 to 80 mg/dm3, the change in the hematite recovery is negligible, but a sharp decrease 
in the apatite recovery is present. These results demonstrate that the soluble starch interact with apatite, 
inclusive the soluble starch–hematite interaction. Moreover, the physicochemical difference between 
hematite and apatite decreases obviously with vast soluble starch addition (more than 40 mg/dm3). 
Therefore, the selective flotation separation between the two minerals can be reinforced in the presence 
of an appropriate soluble starch dosage. 

 
Fig. 2. The flotation of hematite and apatite at different soluble starch dosage  
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3.1.2. Flotation of BHA ore 

One aim of this investigation is to realize apatite removal from the banded hematite and apatite (BHA) 
ore. Fig. 3 presents the influence of different soluble starch dosage on the flotation of BHA ore with the 
NaOl dosage fixed at 4×10-4 mol/dm3 and solution pH at 10. As evident from the figure Fig. 3 (a), the 
soluble starch acts as the depressant of the hematite. The Fe grade in sink product and Fe recovery 
increase when the soluble starch dosage increases from 0 mg/dm3 to 60 mg/ dm3. However, with a 
further increase in soluble starch dosage, the grade of iron starts decreasing, while the iron recovery 
does not increase significantly. This phenomenon may attribute to the depression of gangue minerals 
on the condition of a higher dosage of soluble starch. The findings are consistent with the observations 
reported by Kar et al. (2013), Pavlovic and Brandao (2003). Fig. 3 (b) shows that the dephosphorization 
ratio decreases, and the p-content in sink product rises due to the increase of soluble starch dosage. That 
is, it is possible to recover 81.5% of iron values and remove 75.68% of phosphorus at a soluble starch 
dosage of 60 mg/dm3. Moreover, the iron grade of BHA can be increased by 3.41% comparing with the 
corresponding flotation indexes at a soluble starch dosage of 0 mg/dm3. However, obvious 
deterioration in flotation indexes is observed when the soluble starch dosage is 80 mg/dm3. This 
indicates that the soluble starch interacts with apatite, depressing the apatite. The depression behavior 
is more evident when a higher dosage of soluble starch is added, resulting in the difficulty for apatite 
removal from the BHA ore. Importantly, the above results are well agreed with the flotation results of 
pure minerals. 

 
Fig. 3. The flotation of BHA ore at different soluble starch dosage 

3.2. Zeta potential determination 

The effect of soluble starch on the zeta potential of hematite and apatite is presented in Fig.4. The results 
indicate that the iso-electric point of hematite is at pH 5.82 in the absence of soluble starch, which is in 
good agreement with the previous report (Montes and Atenas, 2005). Furthermore, it has an evident 
decrease in the zeta potential of hematite by the addition of 40 mg/dm3 soluble starch [Fig.4 (a)]. Thus, 
the adsorption of soluble starch has affected the surface potential of hematite, which might be explained 
in terms of chemisorption of hydroxyl ions (active hydroxyl sites) on the surface of hematite surfaces 
(Pavlovic and Brandao, 2003). The isoelectric point (IEP) of apatite was not observed when pH range 
from 4.6 to 13. It has a negligible shift on the zeta potential of apatite with the addition of 40 mg/dm3 
soluble starch [Fig.4 (b)], that is, the zeta potential decreases by 0.99 mV and 1.23 mV, respectively, when 
the pH value is 9.8 and 11.5, which may be due to the physical adsorption on apatite surfaces. Based on 
the results of zeta potential determination, the addition of soluble starch will therefore benefit for the 
flotation separation of apatite from hematite; it was also well verified by the flotation results of pure 
minerals. 

The results of adsorption amount of soluble starch on hematite and apatite are shown in Fig. 5. As 
can be seen, the adsorption amount on two minerals increases with the increase of the initial 
concentration of soluble starch, and the adsorption amount of soluble starch on hematite is higher than 
that on apatite. These results are consistent with the work of Filippov et al. (2013), Tang and Wen (2015). 
From Fig.5, it is evident that there is a corresponding increase in adsorption amount when the soluble 
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starch initial concentration increases up to 60 mg/dm3. In this case, the adsorption isotherms are 
considered to be of a linear shape. Additionally, clear plateaus of adsorption amount (0.38 mg g-1 for 
hematite and 0.15 mg g-1 for apatite) are observed for hematite and apatite at initial concentrations above 
60 mg/dm3 of soluble starch. This result can be well explained by Khosla and Biswas 's (1984) theory, 
which indicates that free starch molecules might be adsorbed at the active sites of the mineral surface 
until saturation. It can be concluded that the depression performance of hematite can be reasonably 
correlated with that of the amount of soluble starch adsorbed, and such correlation have been also 
observed on the floatability of apatite. Merely, this depression performance for apatite is not obvious 
on the condition of low concentration soluble starch addition. 

 

Fig. 4. Zeta-potential of sample as a function of pH by the addition of soluble starch for: (a) hematite, (b) apatite 

 
Fig. 5. The effect of soluble starch initial concentration on adsorption amount on hematite and apatite at pH 10 

3.3. FTIR analysis 

FTIR spectra of hematite and apatite before and after reaction with soluble starch are shown in Fig. 6. 
Fig. 6 (A-a) shows that the adsorption bands in 3443.63 cm-1 and 2918.01 cm-1 are due to OH and CH 
stretching, respectively (Yan and Zhang, 2011). The observed frequency at 1644.61 cm-1 is related to the 
vibration of bound water molecules. This water band is dependent on the number of water molecules 
associated with the starch molecules (Heyn, 1974). The band located at 1459.05 cm-1 and 857.01 cm-1 are 
due to plane bending and vibrations associated with the CH2 group, while the band at 1374.05 cm-1 
corresponds to C-OH vibration (Pawlak and Mucha, 2003). The C-O-C stretch contributes to modes 
related to the bands at 1158.74 cm-1. Intense bands observed at 1085.08 cm-1 and 991.59 cm-1 are attributed 
to C-O stretch. The modes related with C–OH ring vibration were identified at 929.63 cm-1, 764.95 cm-1, 
575.12 cm-1 and 525.54 cm-1 (Cael et al., 1975).  

The characteristic peak of hematite appears at 1037.33 cm-1 due to Fe–O bonding [Fig. 6 (A-b)]. Other 
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peaks at 3441.08 cm-1 and 1638.94 cm-1 correspond to the stretching vibration of OH groups and bending 
vibration of water molecules respectively, which indicates the presence of OH groups and water 
molecules in hematite (Venyaminov and Prendergast, 1997; Gao et al., 2017). Fig. 6 (A-c) shows the 
infrared spectra of soluble starch interacted with hematite. The characteristic hematite peak of 1037.33 
cm-1 has shifted to 1045.16 cm-1, and the OH stretching bands of soluble starch is shifted by 32.4 cm-1. 
This indicates the involvement of OH groups of soluble starch in the adsorption on hematite. 
Furthermore, appearance of the new bands at 2977.59 cm-1, 2908.17 cm-1 and 1453.38 cm-1 are observed 
due to CH stretching in soluble starch, while new band at 1398.13 cm-1 are attributed to C-OH vibration, 
indicating the chemical adsorption of soluble starch molecules with hematite (You et al., 2009). The 
spectra [Fig. 6 (B)] are very similar indicating that the observed frequencies arise from similar 
vibrational modes. The primary differences between the blank apatite infrared spectrum and the 
spectrum of apatite treated with soluble starch include the appearance of new bands at 2979.00 cm-1 and 
2905.34 cm-1, which is due to CH stretching in soluble starch. Thus, the locations of characteristic peaks 
of apatite do not have any shift. Merely, the intensity of characteristic peaks changes. We infer that the 
physical adsorption of soluble starch molecules with apatite occurs. 

 
Fig. 6. (A) Infrared spectra for soluble starch adsorbed on hematite and (B) Infrared spectra for soluble starch 

adsorbed on apatite 

3.4. XPS studies 

The XPS technique can determine the chemical states of elements, which is valuable to analyze the 
adsorption phenomena on mineral surface. Table 2 shows the XPS characterization of hematite before 
and after interacting with 40 mg/dm3 soluble starch at pH 10. Adsorption of the soluble starch on 
hematite manifests in the XPS spectra by an increase in atomic concentration of the C and a decrease in 
atomic concentration of O and Fe, respectively, comparing with that of the initial hematite surface (Table 
2). 

Table 2. XPS characterization of hematite before and after interacting with soluble starch 

Samples Assignments C1s O1s O2S O KLL Fe2p Fe3p Fe3s 
Fe 

LMM 

Hematite 

Binding 
Energy/eV 

284.80 531.38 5.06 960~1000 
711.86 
725.73 

23.79 56.70 770~920 

Atomic 
Concentration/% 

38.72 52.05 9.23 

Hematite+ 
Soluble 
starch 

Binding 
Energy/eV 

284.80 531.96 6.77 960~1000 
711.92 
725.49 

24.34 56.92 770~920 

Atomic 
Concentration/% 

42.57 50.36 7.06 
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The O1s and Fe2p XPS spectra and the fitting curves of hematite before and after interacting with 
soluble starch are shown in Figs. 7 and 8. As shown in Fig. 7 (a), the main peak at approximately 531.20 
eV is assigned to the oxygen in O-H bond. The O1s spectrum contains the peaks at approximately 529.99 
eV, corresponding to oxygen in the Fe2O3, and at approximately 532.49 eV, which is assigned to C-O 
bond. Significant changes in the BE and FWHM values of O1s peak for hematite after interacting with 
soluble starch are observed in Fig. 7 (b) comparing with that of untreated hematite [Fig. 7 (a)]. The O1s 
is fitted into four components, and the fitted component at a binding energy of 533.70 eV and new 
FWHM values of 1.08 eV presented is related to the O-C-O linkage. Moreover, From Table 2, the binding 
energy (531.96 eV) of the O1s spectra of the hematite after interacting with soluble starch is higher than 
that of the untreated hematite (531.38 eV) because of the modification of their chemical environment, 
which indicates the adsorption of soluble starch molecules with hematite. 

 
Fig. 7. O1s XPS spectra and the fitting curves of hematite before and after interacting with soluble starch 

Fig. 8 shows Fe 2p and Ca2p XPS spectra of the samples before and after interacting with 40 mg/dm3 
soluble starch at pH 10. According to the studies of Omran et al. (2015) and Hu et al. (2016), the Fe 2p1/2 
and Fe 2p3/2 envelopes are fitted using peaks corresponding to the multiplets, surface structures, 
shake-up satellites and pre-peak. For hematite [Fig. 8 (a)], the Fe 2p spectrum contains two peaks of Fe 
2p3/2 and Fe 2p1/2 at binding energy (B.E.) positions of 711.86 eV and 725.73 eV, respectively. The 
observed signals at these B.E. positions seem to correspond to the Fe3+ in Fe2O3 (hematite) phase 
(Wagner et al., 1979; Roosendaal et al., 1999). The Fe 2p3/2 peak has associated satellite peaks at 719.70 
eV. Researchers have investigated that the satellite peak of Fe 2p3/2 for Fe2O3 is located approximately 
8 eV higher than the main Fe 2p3/2 peak (Nasibulin et al., 2009; Yuan et al., 2012). This conclusion is 
supported by present Fe 2p XPS spectra results. The observed B.E. difference between Fe 2p doublet 
spectra, i.e., between Fe 2p3/2 and Fe 2p1/2 is 13.87 eV corresponding to hematite phase. For hematite 
after interacting with soluble starch [Fig.8 (b)], there is a significant shift in the position of the peak 
maxima in the Fe 2p doublet, the B.E. positions are observed to be at 711.92 eV for Fe 2p3/2 and 725.49 
eV for Fe 2p1/2, and the observed B.E. difference is 13.57 eV, which decreased by 0.3 eV comparing 
with the result of untreated hematite. In addition, the fitted component at a binding energy of 711.15 eV 
and a new FWHM value of 1.57 eV, is related to the FeOOH (Moulder et al., 1992), which indicates the 
chemical adsorption of soluble starch on hematite surface. 

As shown in Fig. 8 (c), the Ca 2p spectrum of apatite sample in absence of soluble starch contains two 
peaks of Ca 2p1/2 and Ca 2p3/2 at binding energy (B.E.) positions of 350.77 eV and 347.23 eV, 
respectively (Jong et al., 2017). The observed B. E. difference between Ca 2p doublet spectra is 3.54 eV. 
The XPS spectra of apatite sample after treatment of soluble starch is prsented in Fig. 8 (d). Two peaks 
at 350.80 eV, and 347.25 eV are found in Ca 2p1/2 and Ca 2p3/2 emission of apatite sample and the 
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observed B.E. difference is 3.55 eV. On basis of the negligible changes in the binding energy of Ca2p, 
we inferred that chemical adsorption of soluble starch did not occur at Ca sites on the apatite surface.  

Thus, XPS studies demonstrated that interaction mechanism between the soluble starch and hematite 
occurs via the hydroxyl groups attached to the C atoms from the adjacent glucopyranose rings of the 
soluble starch molecules reacting with the surface iron atoms of hematite, resulting in the depressing 
activity of hematite. Additionally, the chemical interaction between the soluble starch and the apatite 
are negligible when a 40 mg/dm3 of soluble starch is added. In fact, there are four OH groups available 
on the soluble starch molecules. However, the OH groups closer to the heterocyclic oxygen are more 
polarisable compared to other OH groups. The lone pair of electrons on oxygen atoms present in 
polarisable oxygen atoms will interact with the vacant d-orbitals available on Fe atoms of iron oxide.  

 

Fig. 8. Fe 2p and Ca2p XPS spectra of the samples before and after interacting with soluble starch 

4. Conclusions 

Experimental research indicates that hematite is depressed obviously and apatite can be floated well 
when soluble starch is used as the depressant of the anion reverse flotation separation between the 
hematite and the apatite with the employment of sodium oleate (NaOl) collector at a pulp pH of 10. The 
flotation studies have indicated that the apatite has a better floatability than that of the hematite. The 
max recovery difference between hematite and apatite of 77.5% is obtained with 40 mg/dm3 soluble 
starch dosage addition. The flotation of natural iron ore indicates that flotation indexes with 59.73% Fe, 
iron recovery of 81.5% and 75.68% of dephosphorization ratio can be achieved at a soluble starch dosage 
of 60 mg/dm3. However, a higher dosage of soluble starch causes the difficulty for apatite removal from 
hematite. The major changes in the FTIR and XPS spectra of hematite suggest the presence of chemical 
interaction between hematite and soluble starch, and support the bonding of hydroxyl. The above-
mentioned results are also supported by the zeta-potential measurement and adsorption amount of 
soluble starch. Results of XPS, FTIR, zeta potential and soluble starch adsorptions have indicated that 
the apatite–soluble starch interaction occurs, and support physical adsorption of soluble starch 
molecules with apatite. The physicochemical difference between hematite and apatite will increases 
with low concentration soluble starch addition. This is very important for the selectively flotation 
separation of apatite from hematite. 
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