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A B S T R A C T   

The reverse flotation of the iron ore with etheramine collector is significantly impacted when the iron-bearing 
silicates and the kaolinite are present in the silicates gangue mineral complex. This paper aims to propose a 
new amidoamine collector N-[3-(Dimethylamino)propyl]dodecanamide for iron ore reverse flotation with a 
potential of removing the iron oxides depressant. The contact angle and electrophoretic mobility measurements 
as well as the flotation experiments were performed on the pure quartz, kaolinite and hematite samples to 
compare its effect with the etheramine which is widely used as collector in reverse flotation of iron ores. Infrared 
spectroscopy was performed to study the adsorption of the amidoamine collector on the surface of the minerals 
studied. 

Amidoamine collector showed a significant selectivity towards quartz while the flotation of hematite and 
kaolinite were inhibited at pH 10 without the presence of a depressor. A total floatability of quartz was explained 
by increased contact angle from 10◦ to about 50◦ without impacting significantly the contact angle measured on 
the hematite (9.4◦ to 17◦). Surface hindrance effect caused by the structure of the N-[3-(Dimethylamino)propyl] 
dodecanamide collector on the hematite surface is the most suitable hypothesis concerning the high selectivity 
regarding the iron ore reverse flotation process.   

1. Introduction 

The flotation processes performed in the main iron ore beneficiation 
plants located in the Iron Quadrangle region (Brazil) consist of flotation 
of natural fine particles (below 0.15 mm, without grinding) or flotation 
of all the material after grinding using ball mills (run of mine). In both 
cases, the flotation process adopted is a reverse cationic process with a 
preliminary desliming stage of flotation feed to remove materials with 
particle sizes below 10 µm (slimes) that are harmful to the iron ore 
flotation process (Filippov et al., 2014). 

The reverse cationic flotation is also largely used to reduce the silica 
content in the iron concentrate obtained through magnetic separation. It 
is the most efficient upgrading process for simple systems composed of 
hematite/magnetite and quartz (Araujo et al., 2005; Filippov et al., 
2014). However, its separation efficiency decreases when as a part of the 
gangue minerals there are Fe/Mg silicates. These Fe/Mg bearing gangue 

minerals cause a reduction in the flotation efficiency because their 
surface properties are similar to those of iron oxides, resulting in the 
non-selective action of depressants such as starch (Filippov et al., 2010; 
2013). 

Studies performed on the flotation of quartz with etheramines as 
collectors showed the efficient depression of iron oxides by starch 
molecules from different sources (such as corn and potato) (Araujo et al., 
2005; Kar et al., 2013). However, detailed studies on reverse cationic 
flotation with iron ore samples from different deposits over the world 
(Brazil, Russia, Mexico) performed by Filippov and co-workers 
confirmed the inefficiency of starch when the silica content in the 
concentrate is controlled by Fe/Mgbearing minerals such as amphiboles, 
epidote, chamosite, and diopside (Filippov et al., 2010; Severov et al., 
2016; Veloso et al., 2018). The main approaches for solving these issues 
focus on using new collector formulations (Filippov et al., 2010) or new 
alternative depressants such as guar gum (Turrer and Peres, 2010), 
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humic acid (Dos Santos and Oliveira, 2007; Veloso et al., 2018), ligno
sulfonate, and carboxymethyl cellulose (Turrer and Peres, 2010; Veloso 
et al., 2020), leading to better flotation selectivity between hematite and 
silicates. However, the alternative depressants tested inhibited flotation 
of quartz owing to physical adsorption on their surfaces (Turrer and 
Peres, 2010). Based on Fourier transform infrared (FTIR) spectroscopy 
data, Severov et al., (2013) showed that starch can also adsorb on the 
quartz surface owing to the formation of hydrogen bonds between the 
hydroxyl groups of the polysaccharides and silanol groups presents on 
the quartz surface at pH 10. Direct adsorption studies confirmed similar 
adsorption densities on the surfaces of Fe-bearing silicates (pargasite) 
and quartz, with magnetite also showing high adsorption density (Fili
ppov et al., 2013). However, starch adsorption on quartz and hematite is 
different not merely in terms of magnitude but also in bonding strength. 
This is because the adsorption of the polysaccharides on the iron oxides 
and Fe-bearing silicates is controlled by their chemical bonding with the 
iron in the mineral structure (Weissenborn et al., 1995; Filippov et al., 
2013); however, hydrogen bonding is the main adsorption mechanism 
on the quartz surface. Thus, amine collectors can replace the starch 
molecules on the quartz surface because of their stronger electrostatic 
interactions with the negatively charged quartz surface supported by 
lateral chain–chain interactions. Strong interactions of starch and other 
depressants on the Fe-bearing mineral surface through covalent bonding 
between the iron atoms and hydroxyl groups of the depressants lead to 
increased hydrophilic behaviour of such silicates when amines are used 
as flotation collectors. Hence, the investigations on new flotation col
lectors can contribute toward unlocking new iron ore resources related 
to primary deposits with complex gangue mineralogy (i.e., Fe-bearing 
silicates, kaolinite) or processing of old tailings with high degrees of 
alterations. 

Amidoamine collectors were suggested and tested as effective agents 
for the flotation process, with diethylenetriamine monoamide being the 
most commonly used (Friedli, 1990). This type of reagent is obtained by 
the reaction between polyamines and organic acids. Amidoamines 
provide several advantages for the flotation process, i.e., selectivity and 
cost reduction (Friedli, 1990). In phosphate ore concentration processes, 
amidoamines are more tolerant toward sulphate ions. They are also 
inexpensive and have fewer complications due to possible overdosage 
(Friedli, 1990). There are very few studies reporting the use of amido
amine molecules in iron ore flotation. However, they can be efficient 
quartz collectors in conventional iron ore reverse flotation using starch 
as the depressant of iron oxides. 

Amidoamine-based collectors are suitable candidates for developing 
efficient iron ore slime flotation processes. As reported in earlier studies, 
iron ore slimes are generally composed of other minerals in addition to 
iron oxides and quartz (Lima et al., 2020). Some slimes from the Iron 
Quadrangle in Brazil, for example, have considerable amounts of 
kaolinite in their composition. 

The choice of reagent is not the only factor considered for developing 
an iron ore slime flotation processes. It is also necessary to determine the 
ideal hydrodynamic conditions for these processes (Fornasiero and Fil
ippov, 2017). However, to determine the hydrodynamic conditions, it is 
first necessary to develop reagents that make the process viable. There 
are some shortcomings in the industrial flotation process with amine 
collectors. These shortcomings worsen the flotation indexes, resulting in 
low collectability, poor selectivity, large cohesive bubbles, and sensi
tivity to slime presence (Liu, et al., 2019). 

In this study a comparison between a new amidoamine collector N- 
[3-(Dimethylamino)propyl]dodecanamide) with etheramine and oleate 
collectors in the flotation of pure minerals such as hematite, quartz and 
kaolinite is presented and discussed. The study was done with the focus 
on developing alternative routes that will allow the concentration of 
iron ore by flotation without a depressant reagent. 

2. Materials and methods 

2.1. Minerals and reagents 

Pure quartz, kaolinite, and hematite mineral samples were used in 
this study. The kaolinite sample (Morbihan) was provided by Société 
Nouvelle d’Exploitation des Kaolins du Morbihan, the quartz sample was 
provided by Sibelco and the hematite sample was provided by 
Minerama. 

The quartz and hematite samples were crushed using jaw and gyra
tory crushers. The size of hematite was reduced to flotation size (d90 =
100 µm) using a laboratory ball mill. To avoid surface contamination of 
the silicates, they were milled using a ceramic ball mill to obtain sizes 
below 100 µm. The size distributions of the mineral samples used for this 
study are presented in Fig. 1. 

XRD analysis results show the purity of the obtained products 
(Fig. 2). 

The flotation performance of three collectors (etheramine, oleate, 
and N-[3-(Dimethylamino)propyl]dodecanamide) was evaluated 
through kinetic flotation tests, performed with pure mineral samples of 
hematite, quartz, and kaolinite and mixtures of these minerals. From this 
point on, the collector N-[3-(Dimethylamino)propyl]dodecanamide will 
be referred to as “amidoamine”. 

Additionally, the reagents used are listed in Table 1. 

2.2. X-Ray fluorescence (XRF) analysis 

XRF analysis was performed by using a Thermo Fisher Scientific 
Niton XL3t XRF Analyser, with objective to analyse the percentage of 
elements in the products obtained during flotation. The measurements 
were performed using the four filters available in the analyser, with each 
filter operated for 30 s (total measurement time of 120 s) and the ‘Cu-Zn’ 
mode selected. For representative purposes, three measurements were 
performed for each sample. 

Fig. 3 shows the correlation between the Fe contents determined via 
XRF (used in this work) and the inductively coupled plasma mass 
spectrometry (ICP-MS) results obtained by Service d’analyse des roches 
et des minéraux (SARM, Nancy, France), and the R2 value obtained. 

The R2 value obtained (0.983) shows a satisfactory fit of the equation 
to transform Fe measurements by XRF into ICP-MS measurements. The 
XRF measurements have relatively small deviations from the ICP-MS 
results (roughly ± 0.5%). All the XRF measurements were corrected 
using the correlation equation given in Fig. 2. 

2.3. Modified water 

To simulate conditions similar to those in itabirite concentration 
plants in the Iron Quadrangle, mineral salts were mixed in the water. 
This modified water was used in the fundamental studies and flotation 
tests Table 2. 
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Fig. 1. Particle size distribution of pure mineral samples.  
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Fig. 2. XRD characterization of the hematite, quartz and kaolinite samples.  

Table 1 
Reagents used in the kinetic flotation tests.  

Name Role Chemical formula Provider 

Corn starch Depressant (C6H10O5)n Sigma-Aldrich 
Etheramine - Flotigam EDA Collector R-O-C2H3-(NH2) Clariant 
Amidoamine - N-[3-(Dimethylamino)propyl]dodecanamide Collector C17H36N2O Clariant 
Oleate - Oleic acid sodium salt Collector C18H33NaO2 Roth 
Sodium hydroxide pH modifier NaOH Carlos Vela  
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2.4. Contact angle measurements 

Contact angle measurements using a DSA25 Shape Analyser (Krüss) 
for each reagent and dosage were performed. 

Prior to the start of contact angle measurements, the centimetre- 
sized block samples of the minerals were polished and the exposed 
surface was carefully cleaned through immersion in aqua regia (HNO3 
1:3 HCl, in a molar ratio) solution. Thereafter, the sample was subjected 
to ultrasound emissions for five minutes and intensively washed with 
ethanol and distilled water. Therefore, this cleaned polished mineral 
plate was conditioned for five minutes with the depressant, one minute 
with the etheramine collector, and ten minutes with the amidoamine 
collector. The conditioning times followed were the ones recommended 
by the reagent supplier, since they raise the concern that the new ami
doamine collector provided was less soluble than etheramine. Conse
quently, a longer conditioning time was followed to ensure the 
adsorption efficacy. It is important to mention that even though the 
recommendations from the provider were followed, it was not observed 
any differences in the contact angle measurements when applying a 
conditioning time of one and ten minutes. 

The pH was adjusted with sodium hydroxide or hydrochloric acid, 
when necessary. The contact angle measurements were performed in 
triplicate for each reagent, dosage, and pH analysed, and the average 

values were calculated. 
These measurements were performed using only etheramine (dosage 

of 50, 75, 100, and 200 mg/L), only amidoamine (dosage of 50, 75, 100, 
and 200 mg/L), etheramine with starch (75 mg/L of collector and 215 
mg/L starch), and amidoamine with starch (75 mg/L of collector and 
215 mg/L starch). A reference measurement with only water was also 
performed. All the tests were performed at 3 different pH levels: 8, 10, 
and 11. 

2.5. Zeta potential 

Zeta potentials of hematite, quartz, and kaolinite were obtained 
through electrophoretic mobility measurements using a Zetasizer Nano 
(ZS90) system (Malvern Panalytical). The tested reagents were ether
amine, amidoamine, and corn starch. NaOH and HCl were used as pH 
modifiers. The pure minerals were comminuted below 37 μm and the 
size was then reduced below 5 µm in an agate mortar. A small amount of 
the mineral powder was then conditioned with the reagent at a fixed 
concentration in a beaker and an aliquot of the supernatant solution 
with the mineral particles was analysed under the following conditions:  

• Without reagents  
• With etheramine (75 mg/L)  
• With amidoamine (75 mg/L)  
• With etheramine (75 mg/L) + starch (0.25 mg/L)  
• With amidoamine (75 mg/L) + starch (0.25 mg/L) 

Evaluations under each of the above conditions were conducted at 
pH 8, 10, and 11. All zeta potential tests were performed three times for 
representative purposes. 

2.6. Flotation 

The flotation efficiency of three collectors (etheramine, oleate, and 
amidoamine) was evaluated through kinetic flotation tests, performed 
with pure mineral samples of hematite, quartz, and kaolinite and the 
mixture of these minerals. The reagents used are listed in Table 1. Each 
flotation test was performed with 30 g of mineral sample (pure or mixed) 
in 15% solids content in a Minimet self-aerated flotation machine with a 
400 mL cell. All flotations tests were performed three times for repre
sentative purposes. 
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Fig. 3. Correlation between Fe contents determined via XRF and ICP-MS.  

Table 2 
Chemical analysis results of industrial water and salts used in the modified 
water.  

Industrial process water Modified water used in fundamentals 
studies 

Element Concentration (g/ 
L) 

Salt used Salt concentration 
(g/L) 

Na 9.40 × 10-2 Na2SO4 2.91 × 10-1 

K 1.01 × 10-3 KCl 1.93 × 10-3 

Mn 1.42 × 10-4 MnSO4⋅H2O 4.36 × 10-4 

Al 1.12 × 10-4 Al2(SO4)3⋅18H2O 1.31 × 10-3 

Fe 1.39 × 10-3 FeCl3⋅6H2O 6.71 × 10-3 

Ca 1.16 × 10-4 CaCl2⋅2H2O 4.25 × 10-4 

S/(SO4)2- 9.21 × 10-2 / 1.22 
× 10-1 

(SO4)2- 4.73 × 10-2 

Ionic strength 
(mol/L) 

4.75 × 10-3 Ionic strength 
(mol/L) 

3.19 × 10-3  
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The flotation tests using a single mineral system were performed to 
better understand the specific interactions of the tested reagents with a 
specific mineral. In the first stage of testing, pure samples of quartz, 
hematite and kaolinite were floated at pH 10 and using 50, 100, 200, 
300 and 400 g/t of amidoamine to determine the best dosage to perform 
flotation with this collector. After assessing the best dosage, the pH was 
varied to 11, 10, 9, 8 and 6.5 to assess the effect of pH on the collector’s 
performance. 

In the second stage of testing, pure samples of quartz were floated at 
pH 10 using etheramine, amidoamine, and etheramine with starch. Pure 
samples of kaolinite were floated using etheramine, amidoamine, 
etheramine with starch at pH 10, oleate at pH 7.5, and oleate at pH 10. 
Pure samples of hematite were floated using etheramine, amidoamine, 
etheramine with starch, and oleate at pH 10. The tests with the mineral 
mixtures (hematite-quartz; hematite- kaolinite) were performed at pH 
10. 

After performing the tests with pure mineral systems, the single- 
mineral flotation system was changed to a two-mineral system to un
derstand the specific impacts that the presence of quartz and kaolinite 
could have on the flotation of hematite. The mass distributions in terms 
of hematite minerals and quartz were set with the objective of repli
cating the mass ratios of some itabirite ores from the Iron Quadrangle. 
Consequently, a distribution comprising 85% hematite and 15% quartz 
was selected to study the separation efficiency between quartz and he
matite. Additionally, a mineral mixture composed of 85% hematite and 
15% kaolinite was used for the two-mineral flotation system. 

For the tests using etheramine, amidoamine , oleate, and starch, a 
conditioning time of 5 min was used. Flotation was performed at pH 10 
with dosages of 300 g/t (this dosage was determined by the studies that 
will be shown later) for the three collector reagents and 1000 g/t for 
starch. However, for the tests with oleate, additional tests were con
ducted at pH 7.5 when studying the impacts of hematite with kaolinite. 

The test parameters are described in Table 3. 

2.7. Infrared measurements 

Infrared spectroscopy was performed to study the adsorption of the 
amidoamine collector on to the surface of minerals such as hematite, 
quartz and kaolinite. Two types of samples were prepared for IR 
analysis:  

• pure minerals, which were treated with water 
• minerals treated with a collector solution at different collector con

centrations at pH 10 

Infrared (IR) spectra were measured using a laboratory Fourier 
transform infrared spectrometer (BRUKER IFS 55), equipped with a 
large-band mercury cadmium telluride (MCT) detector cooled at 77 K. 
Before the analysis, 2 g of pure minerals (hematite, quartz and kaolinite) 
with a granularity of 20–40 μm was conditioned. The conditioning las
ted 60 min and was performed in a 50 mL solution of distilled water, 
25 ◦C and collector at pH 10 (adjusted to pH 10 by addition of NaOH). 
The total concentration of amidoamine collector was varied from 10-4 to 
5.10–3 Mol per litre. After agitation, the slurry was filtered and the liquid 

phase was rejected. Then, the solid phase of minerals samples was 
washed five times with 50 mL of deionized water at pH 10, filtered and 
dried in a desiccator. When dried, samples were sent immediately for 
analysis. Sample preparation for this analysis involved mixing 50 mg of 
sample with 280 mg of potassium bromide (KBr). All the diffuse 
reflectance (DRIFT) spectra are recorded with a 2 cm-1 spectral reso
lution. Each sample was scanned 200 times, duration of the analysis was 
90 s. The influence of atmospheric water was subtracted. 

3. Results and discussions 

3.1. Contact angle measurements 

Fig. 4 shows the contact angles, on the quartz surface, obtained at pH 
8, 10 and 11 using etheramine (a) and amidoamine (b) at 0, 50, 75, 100, 
200 mg/L collector dosage. The contact angles measured in the presence 
of etheramine on the quartz surface were greater than those obtained 
with amidoamine at all pH values tested. 

Although smaller than the contact angles for etheramine, the angles 
obtained with amidoamine at pH 8 and 10 showed that this collector 
could hydrophobicise the quartz surface to promote its flotation, 
considering the analysed dosages. 

The adsorption of the collectors on the mineral surface is dependent 
on pH, therefore the values of the contact angle depend on the collec
tor’s pKa. The molecular structure of the collector is also an important 
factor affecting the contact angle. The favorable arrangement of adsor
bent species due to the collector-collector interactions, for example, can 
generate different angular distributions of the collector in the adsorption 
layer. Considering different collectors, with different molecular struc
tures, different contact angles with the same pH are expected. 

The results presented in the Fig. 3 and Fig. 4 allow to deduce a higher 
surface -hydrophobization with ethermaine compared to amidoamine 
for all concentrations tested. The contact angle values depend on the 
collector concentration. On contact with water, the minerals showed a 
contact angle of approximately 10◦. This angle increases with the 
introduction of the collector, towards angles that range from 31◦ to 72◦. 
For both amidoamine and etheramine there was a tendency that higher 
dosages caused a subsequent drop in the contact angle. It was possible to 
observe that the optimal collector dosages were about 75 mg/L for 
etheramine and between 50 and 75 mg/L for amidoamine. This opti
mum range varies depending on the reagent structure and pH. In this 
case, a possible reason for the decreases in the contact angles at high 
collector dosages was due to the formation of a collector double layer on 
the mineral surface and/or micelle formation. 

At pH 11, the lowest contact angles are observed for both collectors. 
Regarding the etheramine and its interaction with quartz at pH 11, the 
contact angle reduction was due to the increase in the RNH2 molecules, 
which decreased the adsorption of the collector owing to the low elec
trostatic forces. 

Fig. 5 presents the contact angles obtained as the result of the in
teractions between hematite and etheramine with and without starch 
(a), and the interactions between hematite and amidoamine with and 
without starch (b). It was observed that when using etheramine without 
a depressant, the contact angle obtained was between 34 and 36◦ (pH 8 
and 10), i.e. a hydrophobicity level allowing the flotation of hematite. 
The contact angle decreased to 13◦ at pH 11 showing that this pH should 
promote the least flotation of hematite in comparison with pH 8 and 10. 
However, when considering the results obtained in Fig. 4, which showed 
that the contact angle measured for both etheramine and amidoamine 
on quartz was also the lowest at pH 11, it can be concluded that pH 11 
was not optimal to promote the selective separation between hematite 
and quartz. On the other hand, the contact angle on the hematite sample 
with amidoamine changed negligibly, remaining below 20◦. 

The contact angles measured for the hematite conditioned in 215 

Table 3 
Test parameters for the flotation studies.  

Reagents Conditioning time (min) Dosage (g/t) pH 

Etheramine 5 300 10 
Oleate 5 300 Hematite, Quartz: 10 

Kaolinite: 7.5 and 10 
Amidoamine 5 300 10 
Starch 5 1000 10  

K. Silva et al.                                                                                                                                                                                                                                    
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mg/L of starch solution were close to 10◦, indicating efficient surface 
hydrophilisation, which is consistent with previously reported results 
regarding starch adsorption on hematite surfaces (Araujo et al., 2005; 
Kar et al., 2013; Severov et al., 2013). A considerable distinction was 
observed when comparing the contact angles measured in the presence 
of starch and etheramine versus the angles obtained in the presence of 
starch and amidoamine. 

At pH 8 the contact angle measured using only etheramine dropped 
with the addition of starch (from 37 to 11◦). On a smaller scale, the same 
decreasing effect was observed with amidoamine upon the addition of 
starch, with the contact angle dropping from 17 to 9◦. At pH 10, in the 
presence of only etheramine the contact angle measured was about 34◦, 
with the addition of starch the angle dropped to about 10◦. At the same 
pH, the contact angle measured using solely amidoamine was about 12◦, 

which with the addition of starch remained at about 12◦. This shows 
that, for etheramine, the presence of starch is crucial to impeach the 
hydrophobization of the hematite surface. Contrary to what was 
observed for etheramine, the collector amidoamine showed a similar 
contact angle with and without starch, especially for pH 10 and 11. This 
similarity indicates that starch is not required to perform a selective 
flotation between quartz and hematite when using amidoamine at pH 
10. 

Fig. 6 presents the contact angle measurements on quartz at pH 8, 10 
and 11 with etheramine (a) and amidoamine (b), considering a collector 
dosage of 75 mg/L, with and without starch. Regarding the etheramine 
collector results, the contact angle of quartz at pH 8 and 10 was reduced 
in the presence of starch but increased at pH 11, when compared to the 
angles at the same collector dosage (75 mg/L) without starch. 
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Fig. 4. Contact angle measurements on quartz mineral with standard deviation (SD) estimated based on three experiments. (a) Obtained using aqueous solutions of 
etheramine. (b) Obtained using aqueous solutions of amidoamine. 
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The interaction of quartz with amidoamine after conditioning with 
starch showed that the contact angles increased slightly at pH 10 
compared to those with no starch at the same collector dosage but 
dropped significantly at pH 11, as observed in Fig. 6. 

3.2. Zeta potential measurements 

Surface coverage was assessed by comparing the zeta potential 
values upon varying pure starch dosages from zero to 500 mg/L and the 
resultant surface charge of hematite, quartz and kaolinite after reagent 
adsorption. Starch concentrations chosen for these tests were a low one, 
0.25 mg/L, and a high dosage, 215 mg/L, for adsorption comparison. 
The concentrations of collectors used in these tests were 75 mg/L for 
adsorption comparison between the standard collector etheramine and 
the amidoamine. The zeta potential measurements of hematite, quartz 
and kaolinite obtained in the presence of starch with etheramine and 
starch with amidoamine are shown in Figs. 7 and 8 respectively. 

Fig. 7 shows that the low and the high starch dosage associated with 
the collector etheramine (75 mg/L) resulted in close to zero surface 
charges for quartz and kaolinite at pH 10 (Fig. 7 a. and b.). Diversely, for 

hematite the low dosage with ethereamine was not sufficient to cover 
the hematite surface, leaving exposed negative surface charges (-15.3 
mV) that were only neutralized by the higher starch dosage 215 mg/L, 
reversing the hematite surface charge to + 1.72 mV (Fig. 7c). By com
paring Fig. 7 to Fig. 8 it can be observed that the surface charges 
resultant from the amidoamine adsorption onto quartz were more 
negative, meaning that higher dosages of this collector should be eval
uated for denser surface coverage. 

Similar to the contact angle studies on the quartz and hematite sur
face, the collector dosage selected to analyse the zeta potential was 75 
mg/L. Both etheramine and amidoamine modified the surface charge of 
hematite, quartz, and kaolinite (Figs. 9, 10 and 11). The zeta potential 
values observed for hematite and quartz agreed with previously re
ported results obtained using pure water and in the presence of ether
amine (Filippov et al., 2010; Veloso et al., 2018). 

Increases of approximately 25 and 15 mV in the positive surface 
charge were observed for hematite in the presence of etheramine at pH 8 
and 10, respectively, when compared to the reference (hematite without 
reagent) (Fig. 7a). These findings are consistent with the trends and 
values observed by Filippov et al. (2010). The zeta potential increased 
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by approximately 55 mV when hematite was conditioned with amido
amine at pH 8. 

The increase in the zeta potential at pH 8 and 10 in the presence of 
etheramine and amidoamine for quartz and kaolinite (Fig. 10 and 
Fig. 11) when compared to that of the reference (without reagent) can be 
explained by the negative charge compensation due to the adsorption of 
collectors through the amine groups. However, the zeta potential 
increased significantly at pH 8 for amidoamine, whereas the zeta po
tential variation for etheramine was slightly pronounced at pH 10. The 
values of the zeta potentials were similar for both the collectors at pH 11. 
This shows that the biggest difference in the adsorption behaviour be
tween both collectors occurs at pH 8 and 10, a similar result that was 
already observed and discussed based on the contact angle studies in 
section 3.1. The proximal values of the zeta potentials for the amine at 
pH 11 in all the tested minerals can be explained by the pK values close 
to 10.5, observed for the amine collectors (Smith and Scott, 1990). The 
decreased concentration of the ionic forms of the collectors decreases 

their adsorption on the mineral surface at an alkaline pH higher than 
10.5. 

The surface charge values of hematite and kaolinite in the presence 
of starch and etheramine are slightly higher than those obtained only 
using etheramine. These results confirm the different adsorption be
haviours of starch on kaolinite and quartz. They corroborate the findings 
of Ma and Bruckard (2010), explaining that the adsorption behaviour of 
starch on the quartz surface cannot be extrapolated to that on kaolinite 
in reverse cationic flotation of iron ores. The adsorption of starch on the 
hematite surface is controlled by hydrogen bonding and chemical 
complexation (Weissenborn et al., 1995). The adsorption density of 
starch on the quartz surface is lower than that on the hematite surface 
and is controlled by hydrogen bonding (Filippov et al., 2013). Thus, 
depending on the hydrolysis of the surface groups, the adsorption of 
starch may lead to additional surface charge compensation. 

Another hypothesis for this phenomenon observed in quartz with 
etheramine and starch could be the formation of clathrates(Aguiar et al., 
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2017) . The complexes between starch and etheramine can lead to 
higher adsorption of etheramine on the quartz surface, contributing to 
the reduction in the zeta potential. However, the intermolecular 
hydrogen bonding between the amylose chains and hydroxyl groups of 
the glucose molecules in starch leading to helicoid formation and then to 
starch–amine clathrate aggregates is observed only at higher starch 
concentrations. According to Khosla and Biswas (1984), free starch 
molecules are adsorbed at the active sites of the mineral surface until 
saturation is reached. In this case, starch adsorption resulting in 

clathrate formation will not follow the linear pattern observed in the 
experimental data provided by Filippov and co-workers (Filippov et al., 
2013). Thus, another explanation for this phenomenon is that starch can 
co-absorb at the quartz–solution interface, in association with 
etheramine. 

The presence of starch did not considerably change the zeta potential 
of any of the minerals with amidoamine. The results presented in this 
section in combination with the contact angle measurements suggest 
that amidoamine is a potential collector for iron ore beneficiation, 
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specifically because it can promote the selective flotation of quartz and 
hematite without a depressant. The following section presents the 
findings of the flotation experiments performed with the pure minerals 
and mineral mixtures. 

3.3. Flotation of pure minerals 

Table 4 shows the results of the flotation tests with a single mineral 
system: hematite, quartz and kaolinite at pH 10 at 50, 100, 200, 300 and 
400 g/t of amidoamine. 

The results showed that at the dosages of 50 and 100 g/t no hematite 
was recovered to the floated product. Hematite started to report to the 
floated product at 200 g/t (1% recovery), with the maximum hematite 
recovery (12% recovery) achieved when dosing 400 g/t. Contrarily to 
hematite, quartz reported to floated product at 50, 100 and 200 g/t, 
achieving 18, 43 and 70% recovery respectively. Kaolinite started to report 
to the floated product at 300 g/t, achieving 10% recovery at 400 g/t. 

Based on the results presented in Table 4 and discussed above, the 
dosage of 300 g/t was selected to perform the future flotation studies. 
This dosage was selected since at 300 g/t the hematite recovery to 
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floated product was still considerably close to 0% (app. 1% recovery) 
while the recovery of quartz was at 89%. In the other words, this dosage 
could promote a selective flotation of quartz while providing lower 
losses of hematite to the floated product. Table 5 shows the results of the 
flotation tests with a single mineral system: hematite, quartz and 
kaolinite at 300 g/t of amidoamine at pH 6.5, 8, 9, 10 and 11 (see 
Table 6 and Table 7). 

The results show that the recovery of quartz was higher at more low 
pH values. The recovery of quartz was the lowest at pH 11 (44%), 
increasing to 89% at pH 10, to 94% at pH 9 and to 100% at pH 8. He
matite recovery to floated increased by about 8% when the pH value 
decreased from 10 to 9. Hematite reported a relatively constant recovery 
to the floated product (10 to 13%) at pH 9, 8 and 6.5. Kaolinite recovery 
was the highest at pH 6.5, with 6% recovery. 

The decrease in the flotation response of the quartz at pH11 is in 
perfect agreement with the contact angle measurements and can be 
related related to pKa ≈ 8.2 value (communicated by Clariant) when the 
molecular forms of collectors dominate in the solution with less 
adsorption capacity on the negatively charged mineral surface. 

Based on the results summarized in table 5, the value of pH 10 was 
adopted to continue the future flotation studies because it was the pH 
value that reported the lowest loss of hematite to the floated product 
(app 1% recovery) while providing a recovery of quartz of 89%. 

3.3.1. Hematite 
The flotation kinetics curves for hematite obtained using the ether

amine, etheramine with starch (reverse cationic flotation), amidoamine 

and oleate at pH 10 are presented in Fig. 12. 
Both oleate and etheramine (without starch) promoted hematite 

flotation (Fig. 12). Oleate enabled greater mass recovery in the floated 
product for the same specific dosage at 300 g/t. The pure hematite 
flotation tests performed with amidoamine as the collector showed that 
no hematite was floated. This absence of hematite flotation is in accor
dance with the contact angle measurements for hematite with amido
amine. Moreover, when comparing the hematite recovery to the floated 
fraction by etheramine (68%) versus the recovery obtained with ether
amine and starch (0%) it becomes visible that the presence of starch was 
essential to inhibit the flotation of hematite by etheramine, contrary to 
amidoamine which did not required the addition of starch to inhibit 
hematite flotation. 

3.3.2. Kaolinite 
The flotation kinetics curves for pure kaolinite obtained using the 

etheramine, etheramine with starch (reverse cationic flotation), ami
doamine and oleate at pH 10 are presented in Fig. 13. 

The etheramine floated 51% of kaolinite, a result that remained 
relatively unchanged upon the addition of starch. The floatability ob
tained when using etheramine can be explained by the high specific 
surface area of the kaolinite, which may require higher doses of the 
collector. Some studies have reported that kaolinite has characteristics 
that pose challenges during concentration through cationic collectors, 
such as amines. The kaolinite crystal system has an anisotropy that 
causes it to behave in a manner opposite to that of quartz in terms of the 
pH dependence on cationic flotation (Xu et al., 2015). The flotation of 

-70

-55

-40

-25

-10

5

20

35

7 8 9 10 11 12

Ze
ta

 P
ot

en
tia

l (
m

V
) 

pH 

a. 

Hematite (H)
H + Etheramine (75 mg/L)
H + Starch (0.25 mg/L)
H + Starch (0.25 mg/L) + Etheramine (75 mg/L)

-70

-55

-40

-25

-10

5

20

35

7 8 9 10 11 12

Ze
ta

 P
ot

en
tia

l (
m

V
) 

pH 

b. 

Hematite (H)
H + Amidoamine (75 mg/L)
H + Starch (0.25 mg/L)
H + Starch (0.25 mg/L) +Amidoamine  (75 mg/L)

Fig. 9. Zeta potentials of hematite under different experimental conditions (SD is shown on the graph and the value varies between 0.6 and 4.4). (a) Hematite with 
etheramine. (b) Hematite with amidoamine. 

K. Silva et al.                                                                                                                                                                                                                                    



Minerals Engineering 170 (2021) 107004

12

the fine kaolinite particles is also impacted by the increased number of 
edges to adsorb the amines in a cationic form which decreases adsorp
tion layer density. 

When varying the pH to obtain more alkaline values, the negative 
surface charges of the oxides and silicates are enhanced, thereby 
increasing the adsorption of the cationic collector and, consequently, the 
floatability of the mineral. Ma et al., (2009) reported that the flotation 
behaviour of quartz cannot be extrapolated to that of kaolinite owing to 
the face-edge structure of kaolinite. Kaolinite is an aluminosilicate that 
has two different surfaces parallel to the (001) plane in its structure: a 
(001) plane formed from the tetrahedral sheet (SiO4) and the second 
plane formed from the AlO6 octahedron (Liu et al., 2015). At an alkaline 
pH, preferential adsorption occurs at the SiO4 basal plane. Hydrophobic 
aggregation seems to occur owing to the chain–chain associations be
tween collector molecules adsorbed at the SiO4 basal plane. Conse
quently, the (001) planes of AlO6 are exposed, thus reducing the 
floatability of kaolinite (Xu et al., 2015). The basal (001) plane exhibits 
a strong affinity for cationic collectors and is responsible for kaolinite 
flotation, whereas the AlO6 plane has limited interactions with cationic 
collectors and remains hydrophillic (Yuehua et al., 2004). Thus, pre
liminary conditioning with starch does not impact kaolinite flotation 
because of two competing phenomena: hydrogen bonding between the 
hydroxyl groups of starch and alumina tetrahedron and repulsion be
tween anionic starch molecules and negatively charged basal planes of 
the silanol surface (Ma and Bruckard, 2010). 

Oleate did not promote the flotation of pure kaolinite at pH 10. At pH 
7.5, it could enable flotation of approximately 20% of the kaolinite at a 

dosage of 300 g/t. Owing to the anisotropic structure of kaolinite, the 
zeta potential on the surface of each plane varies differently in relation 
to the pH. The isoelectric point of the AlO6 face is between pH 6 and 8 
and the same for the SiO4 face is observed at approximately pH 4 (Gupta 
and Miller, 2010). As oleate is an anionic collector, physical adsorption 
seems to occur at pH 7.5 because the surface charge of the AlO6 face in 
kaolinite is positive. However, the mass recovery is low (23%) at a 
dosage of 300 g/t. At pH 10, no flotation occurred owing to physical 
adsorption because of the high hydroxyl ion concentration. Thus, the 
amidoamine at dosage of 300 g/t did not promote a significant kaolinite 
recovery to the floated product. 

3.3.3. Quartz 
The flotation kinetics curves for pure quartz obtained using each 

reagent are presented in Fig. 14. 
The quartz recovery obtained when only using amine is considerably 

similar to the recovery obtained when using amine with starch, meaning 
that starch had virtually no depression effect on quartz flotation. Liter
ature suggests that a lack of quartz depression does not mean that there 
is no adsorption of starch to the surface of quartz (Filippov et al., 2013). 
Several authors reported starch adsorption on hematite and not on 
quartz surface (Balajee and Iwasaki, 1969; Cooke et al., 1952; Peres and 
Correa, 1996). Pavlovic and Brandão (2003) showed a decrease in the 
floatability of quartz in the presence of starch while the flotation of 
hematite flotation was depressed. Moreover, the adsorption studies 
performed with different polysaccharides led to conclude about the 
starch adsorption on the hematite, quartz and other silicates (Pavlovic 
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and Brandão, 2003; Dogu and Arol, 2004, Filippov et al., 2013). How
ever, the starch adsorption on the quartz was difficult to confirm using 
the surface sensitive techniques, i.e. infrared spectroscopy. Pavlovic and 
Brandão (2003) suggested that the very intense IR absorption bands of 
quartz in the same wavenumber area where important carbohydrates 

bands occur makes the detection of the polysaccharides difficult. Sev
erov et al. (2013) and Filippov et al. (2013) agreed that hydrogen 
bonding is difficult to confirm from the IR spectra because starch mol
ecules are capable of forming intramolecular hydrogen bonds. However, 
analyzing the vibration band of the other involved groups (C-O stretch 
and C1/H deformation) they have proved the hydrogen bonding on the 
quartz from the FTIR spectra. 

The amidoamine collector promoted quartz flotation. However, for 
the same collector dosage of 300 g/t, etheramine achieved a higher mass 
recovery. The mass recovery when only using etheramine was almost 
100% after 6 min of flotation versus 88% recovery with amidoamine. 

3.4. Flotation of mineral mixtures 

3.4.1. Mixture: 85% hematite and 15% quartz 
The flotation kinetics curves for the hematite–quartz mixture are 

presented in Fig. 15. 
The results presented in Fig. 15 agree with those available in the 

literature (Araujo et al., 2005) indicating that a depressant is necessary 
for quartz during direct flotation of hematite with oleate to obtain 
adequate selectivity in the concentration process. For recovering 
approximately 100% of the hematite in the froth product with oleate, a 
recovery of approximately 45% was achieved for quartz as well. 

Similarly, a depressant was found to be required for hematite during 
quartz flotation using amine collectors to achieve adequate selectivity in 
the concentration process. When using only etheramine almost 100% of 
the quartz and 50% of hematite reported to the froth product. The he
matite recovery to the floated fraction by etheramine dropped to 3% 
upon the addition of starch. 
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Table 4 
Recovery of hematite, quartz and kaolinite (single mineral flotation system) to 
the floated fraction at pH 10 at 50, 100, 200, 300 and 400 g/t of amidoamine.  

Amidoamine dosage (g/t) Recovery to floated (%) 

Hematite Quartz Kaolinite 

50 0 18 0 
100 0 43 0 
200 1 70 0 
300 1 89 1 
400 12 97 10  

Table 5 
Recovery to the froth product of hematite, quartz and kaolinite at 300 g/t of 
amidoamine as a function of pH (single mineral flotation system).  

pH Recovery to floated (%) 

Hematite Quartz Kaolinite 

11 1 44 3 
10 2 89 1 
9 10 94 3 
8 11 100 1 
6.5 13 98 6  
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The reverse flotation of quartz using amidoamine reported satisfac
tory results without the addition of starch. This collector enabled 100% 
recovery of quartz to the floated fraction, whereas approximately 94% of 
the hematite was not floated. One of the possible reasons for the rejec
tion of approximately 6% iron content when using amidoamine in the 
flotation process may be due to hematite dragging in the froth during the 
flotation of quartz (entrainment and entrapment). 

A considerable selectivity was attained by using amidoamine as 
collector without any depressant. The starch has an unselective floccu
lation effect of particles under 5 µm (Weissenborn et al., 1995). In 
conventional operations of iron ore beneficiation by flotation, the 
flotation feed is deslimed to remove the 10 µm fraction prior to flotation 
(Filippov et al 2014), thus the unselective flocculation effect of starch 
does not affect the flotation selectivity. Contrary to what occurred in this 
study, where the pure mineral samples used for the flotation tests were 
not deslimed. Therefore, it could be stated that by using amidoamine, 
additionally to eliminating the necessity of a depressor agent in the 
reverse flotation of iron ore may as well eliminate the necessity of 
having a desliming stage before the flotation process. 

Fig. 16 shows that higher specific dosages (g/t SiO2) of amidoamine 
improved the recovery of quartz, reaching 100%. The results of the 
flotation tests conducted for a mixture of pure minerals indicate that is 
possible to obtain selective flotation of quartz in the reverse approach 

without a depressant. However, to reach the same recovery level as that 
achieved using the amine collector, it is necessary to use a higher dosage 
of amidoamine than etheramine. 

3.4.2. Mixture: 85% hematite and 15% kaolinite 
The flotation kinetics curves for the hematite–kaolinite mixture are 

presented in Fig. 17. 
Regarding the direct flotation of hematite with oleate, at pH 10, 

approximately 95% hematite and (Fig. 17a) 16% kaolinite were recov
ered (Fig. 17b). The oleate collector showed good selectivity, indicating 
the possibility of direct flotation (considering the hematite / kaolinite 
composition) without using depressants. 

In the reverse flotation of kaolinite with etheramine without a 
depressant, 57% of the kaolinite mass was floated (Fig. 17b), whereas 
approximately 7% of hematite mass was floated (Fig. 17a). The use of 
starch reduced kaolinite recovery to 43% to the floated fraction 
(Fig. 17b), maintaining the hematite recovery at 7% (Fig. 17a). 

The results obtained for the flotation of pure hematite and hema
tite–kaolinite mixture using the etheramine collector are shown in 
Fig. 18. 

The recovery of iron oxide reduced from 68% to approximately 7% in 
the presence of 15% kaolinite. The presence of kaolinite appears to 
inhibit the cationic flotation of hematite by the etheramine. As 
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mentioned previously, the SiO4 face on kaolinite is capable of adsorbing 
etheramine, but the flotation of kaolinite is hampered by an anisotropy 
in its structure. 

When compared to pure kaolinite flotation, the kaolinite recovery 
after 6 min of flotation showed an increase from 51% (pure kaolinite 
flotation) to 57% (kaolinite flotation in the hematite–kaolinite mixture), 
as shown in Fig. 19. However, although the total collector dosage was 
the same in both tests, the specific dosage of the collector (g/t kaolinite) 
varied from 300 g/t (pure kaolinite sample) to 2000 g/t (hema
tite–kaolinite mixture). 

For the results obtained using amidoamine with the 

hematite–kaolinite mixture, the same results as those obtained in the 
pure mineral flotation tests were obtained; that is, the amidoamine 
collector did not float kaolinite and hematite at a dosage of 300 g/t. 

3.5. Infrared measurements 

Three types of samples were analyzed: 1) pure amidoamine, 2) pure 
minerals (hematite, quartz and kaolinite), and 3) minerals after the 
addition of amidoamine. Fig. 20 shows the FTIR spectra obtained for 
amidoamine. The FTIR spectra obtained for hematite, quartz, and 
kaolinite, before and after the interaction with three distinct dosages of 
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Fig. 21. FTIR spectra of hematite before (1) and after interaction with amidoamine (2, 3, and 4).  
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Fig. 22. FTIR spectra of quartz before (1) and after interaction with amidoamine (2, 3, and 4).  
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the amidoamine collector are presented in Figs. 21, 22 and 23 
respectively. 

The characteristics bands (cm− 1) identified for the amidoamine 
collector (Fig. 20) were: 3307, 3081, 2921, 2852, 2814, 2763, 1640, 
1548, 1466, 1377, 1263, 1042, 840, 720. 

The spectra obtained for the amidoamine collector showed two main 
domains of absorbance (Fig. 20). The first domain is located between 
2700 and 3300 cm− 1 (Tables 6 and 7), characteristic of the C-H and NH 
bond vibrations. The four peaks at 2852 cm− 1, 2921 cm− 1, 2956 cm− 1, 
2814 cm− 1 respectively correspond to the asymmetric elongation vi
brations of the group (νs(CH2)), (νas(CH2)), (νas(CH3)) in the hydrocar
bon chain and the symmetric stretching (νs(CH)) of carbon bound to 
nitrogen (C-H)-N. The peaks at 3307 and 3081 cm− 1 corresponds to the 
stretching and harmonic vibration of NH of amidoamine collector 

respectively. 
The second domain is located between 1640 and 600 cm− 1. In this 

region, the FTIR spectra showed a strong absorption band at 1640 cm− 1, 
which is characteristic of C = O amide. The peak 1548 correspond to the 
angular deformation of NH while the peak at 1466 cm− 1 to asymmetric 
bending of CH3 + scissoring (in-plane symmetric bending) of CH2 and 
1377 cm− 1 - symmetric bending of CH3. 

After interaction with amidoamine, new bands at around 2921 and 
2852 cm− 1 for kaolinite, around 2923 and 2852 cm− 1 for quartz and 
2923 and 2852 cm− 1 for hematite were assigned to the stretching bands 
of –CH3 and –CH2 groups in amidoamine when the concentration of the 
collector increases (Table 7). The bending and stretching vibration of 
N–C bonds of amidoamine appeared at 1466 cm− 1 for kaolinite and 
1466 cm− 1 for quartz, respectively. 
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Fig. 23. FTIR spectra of kaolinite before (1) and after interaction with amidoamine (2, 3, and 4).  

Table 6 
Peaks and corresponding groups in the 2 800 and 3300 cm–1 domain.  

ID FTIR data (cm− 1) 

Symmetry  Symmetric stretching of (CH2) Asymmetric stretching of (CH2) Asymmetric stretching of (CH3) Symmetric stretching of (CH) 

Group (ν(NH)) (νs(CH2)) (νas(CH2)) (νas(CH3)) (νs(CH2)) 
Wave number (cm− 1) 3307 2852 2921 2 956 2814  

Table 7 
Identification of the presence of a collector on the surface of minerals.  

Mineral Concentration (M /L) Wave number (cm-1) 

ν(NH) νs(CH2) νas(CH2) νas(CH3) νs(CH2) C = O NH CH3 + scissoring of CH2 

Amidoamine Pure 3307 2852 2921 2 956 2814    
Quartz 10–4  2852 2923       

10–3  2852 2923       
5.10-3  2852 2923 2956 2814 1640 1548 1466 

Kaolinite 10–4  2852 2921       
10–3  2852 2921       
5.10-3  2852 2923 2956 2811 1641 1550 1466 

Hematite 10–4  2852 2921       
10–3  2852 2921       
5.10-3  2852 2923       
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The conventional amines used in the reverse flotation of iron ore (e. 
g., etheramine) are cationic collectors, meaning that when in water they 
adopt a positive charge and adsorb to negatively charged silicate gangue 
minerals by electrostatic forces to promote their flotation (Filippov 
et al., 2014, Nakhaei and Irannajad, 2017). 

Contrary to etheramine, the amidoamine showed a selective flotation 
of quartz in mineral samples composed of hematite and quartz without 
the need for a depressant at the pH values where both two mineral 
surfaces display negative charges. Fig. 24 shows the amidoamine N-[3- 
(Dimethylamino)propyl]dodecanamide chemical structure. 

The amidoamine N-[3-(Dimethylamino)propyl]dodecanamide 
molecule structure has a bond between the methyl and amine groups in 
the hydrophilic head of this reagent, which significantly increases the 
volume of the polar head in comparison with those of more conventional 
cationic collectors such as etheramine and makes this molecule more 
susceptible to steric hindrance effects (Fig. 24). 

As mentioned by Chen et al., (2017), surfactants initially adsorb on 
mineral surfaces through electrostatic interaction as individual ions; 
further, with the increase in the coverage of the surfactant on the min
eral surface, steric hindrance gradually occurs. Liu et al., (2019) used 
surface tension measurements, molecular dynamics simulations and 
density functional theory to investigate the effects of introducing an 
isopropanol substituent in amine collectors. The results showed that 
introducing this isopropanol substituent in dodecyl amine weakened the 
electrical properties of the polar groups and increased the cross- 
sectional size of these groups. Similar effects were demonstrated and 
reported previously by Filippov and co-workers when an aliphatic iso
alcohol reagent was used in combination with anionic collectors for 
calcium minerals flotation (Filippov et al., 2006; Filippova et al., 2014; 
Filippov et al., 2019) and with cationic collectors for reverse iron ore 
and silicates flotation (Filippov et al., 2010; Filippov et al., 2012, Fili
ppov, 2017). The results obtained in our work are in agreement with the 
effect demonstrated by Liu et al. on the reverse flotation of quartz and 
hematite in relation to the performance of a collector with high steric 
hindrance (Liu et al., 2020). The results reported show that the increase 
in the steric hindrance improves the selectivity in relation to the cationic 
reverse flotation of these minerals. 

The infrared spectra presented in Figs. 21 to 23 showed no difference 
in the adsorption behaviour of the amidoamine collector at a low con
centration of 10-4 M/L, what is consistent with the zeta potential mea
surements (Fig. 8). 

The intensity of peaks related to the stretching bands of CH3 and CH2 
is the same or slightly higher on the hematite than in quartz and 
kaolinite. However, the peaks intensity increases significantly on the 
quartz and kaolinite for the concentration of 5.10-3 M/L of the collector 

(Figs. 22 and 23), pointing to a higher quantity of adsorption of the 
collector on silicate minerals, such does not occour for hematite 
(Fig. 21). This difference in adsorption behaviour is responsible for the 
selective flotation of quartz from hematite. 

For quartz and kaolinite, the more intense peaks may be explained by 
the specific adsorption on the more negatively charged silicate minerals 
surface defined by the silica tetrahedron. 

Since for this amidoamine collector the structure of the adsorption 
layer is controlled by the collector concentration, there is a hindrance 
effect for hematite. Such hindrance effects can be caused by character
istic as for example, molecular arrangements or interactions promoted 
by hydrogen bonding and/or electrostatic forces. 

An increase in collector concentration leads to the increased quartz 
recovery due to the increased quantity of the collector deduced from the 
higher peak intensity (Fig. 16), while the flotation of hematite does not 
occur or is very low (Fig. 15a). However, the flotation behaviour of 
kaolinite is similar to those of hematite while the CH3 and CH2 peaks 
intensity is similar to the spectrum of quartz. The high specific surface 
area coupled with double sheet structure may be an explanation for this 
behaviour (Ma and Bruckard, 2010; Xu et al., 2015). 

4. Conclusions 

Contact angle measurements showed no significant hydro
phobisation of the hematite surface with N-[3-(Dimethylamino)propyl] 
dodecanamide, despite the zeta potential studies showed a certain level 
of adsorption of this amidoamine on the hematite surface. The flotation 
studies corroborated with the interpretation made from the contact 
angle measurements by showing a low floatability for hematite and 
kaolinite while a total flotation of the quratz was observed. 

The infrared spectroscopy results showed that an increase in ami
doamine concentration did no result in a significant variation in peak 
intensity (stretching bands of CH3 and CH2) for hematite while the peaks 
intensity on the quartz and kaolinite were increased significantly. 

The most adequate hypothesis for the mechanism responsible for the 
selective flotation of quartz with N-[3-(Dimethylamino)propyl] dodec
anamide (without starch) is a hindrance effect due to the intermolecular 
interactions controlled by the collector concentration. 

The new amidoamine collector was able to promote a selective 
flotation of quartz from hematite without a depressant agent, such as 
starch. Therefore, this reagent can be an advantageous alternative to 
conventional amines, currently used in reverse cationic flotation of iron 
ores. 

Understanding the adsorption mechanism of this specific amido
amine may contribute to the development of a new class of collecting 

Fig. 24. Chemical structure of N-[3-(Dimethylamino)propyl]dodecanamide (Copied from PubChem, 2020).  
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reagents, more effective for reverse iron ore flotation, reducing or 
eliminating the need for the depressant reagent, also contributing to a 
decrease of iron loss to tailings. 
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