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Abstract: Micaceous minerals, known as layer silicates, are counted mostly as the gangue minerals
associated with valuable minerals, especially iron oxides. They mainly reject through the reverse
flotation process using the cationic collectors, e.g., ether amines, to improve process sustainability.
Although ether amines have been applied for floating the wide range of silicates, few investigations
explored their adsorption behaviors on the micaceous minerals. In this study, flotation of phlogopite,
biotite, and quartz (for comparison purposes) in the presence of Flotigam®EDA (EDA) (commercial
ether monoamine collector), at pH 10 was investigated through the single mineral micro—flotation
experiments. Adsorption behaviors were explored by the contact angle, residual surface tension
measurements, and zeta potential analyses. Micro—flotation outcomes indicated that the quartz
floatability was more than phlogopite and biotite. In the presence of 30 mg/ dm?® EDA, their recoveries
were 97.1, 46.3, and 63.8%, respectively. Increasing EDA concentration made a substantial increase
in micaceous minerals’ floatability. Adsorption assessments confirmed that increasing the EDA
concentration resulted in higher adsorption of EDA onto the surface of micaceous minerals than
the quartz (all by physical adsorption). Such a behavior could be related to the nature of micaceous
minerals, including their layer structure and low hardness.
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1. Introduction

Mineral flotation separation, as a physicochemical process, is a well-known technique for
the purification of target minerals which become finely liberated (mainly +25-100 micron) [1,2].
Currently, froth flotation is globally considered for processing various finely disseminated
minerals (sulphides [3-6], oxides [7-12], silicates [7,8,10,12], phosphates [7,13,14], etc). In
direct flotation, target minerals are floated, whereas in reverse flotation, valuable minerals
are sunk, and gangue minerals are rejected in the froth phase [1,2]. Silicate can be separated
by flotation beneficiation. Although some silicates can be considered as commercial miner-
als, they are mostly known as gangue associated with other valuable oxides [8,9,12,15-18],
semi-soluble minerals [13,14], and sulfides [5,6]. In terms of processing, silicates could
be classified as simple and complex, in which quartz and micaceous minerals should be
named as simple and complex silicates, respectively [12]. Micaceous minerals, unlike
quartz, include metallic ions, e.g., Mg?*, Fe3*, and AI**, which turn them into compli-
cated phases for the separation by flotation, especially for iron ore processing [12,16,19,20].
Therefore, enhancing their rejection would improve the metallurgical responses, reduce
downstream penalties, and provide sustainable production.
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Since the surface of silicates is covered generally by silanol groups (Si-O-), and in
some cases with the combination of M-O- and Si—O-, electrostatic adsorption of cationic
collector would be essential for controlling the silicate flotation process [19,21]. It was
found that the electrokinetic properties of the diaspore and three aluminosilicate minerals,
including kaolinite, pyrophyllite, and illite, are highly dependent on the number of broken
Al-O- and Si—O- bonds per unit cell [22]. The ratio of broken Al-O- to Si-O- bonds on
various edge surfaces appears to play a dominant role in determining the surface properties
of various aluminosilicates and their flotation responses to collector solutions: a lower
aluminum to silicon ratio of pyrophyllite and illite responds more favorably to cationic
collector adsorption [22]. It is well known that due to the negative surface charge of almost
all micaceous minerals within pH range from 2 to 12, the surface of these minerals would
not potentially react to anionic collectors without using an activator [13,19]. However,
some studies depicted complex silicates with more alkaline surfaces (higher zero points
of charge), which can somewhat float with anionic collectors such as fatty acids and alkyl
sulfates, without activators into the conditioning step [13,19]. In this case, the chemical
interaction of the collector with metal sites on certain silicates provides the means for
affecting the flotation selectivity [13,19]. On the other hand, micaceous minerals can be
floated efficiently by amines. However, it was reported that the expected floatability of
these minerals could not be promising in the presence of cationic collectors, especially at
concentrations where other silicates such as quartz can be floated [23-27].

In alkaline conditions, the reverse cationic flotation is recognized as the most efficient
separation process for floating silicates and removing them from valuable minerals such as
titan and iron oxides [12,16,20,21,24-29]. In this process, collectors play an essential role
in achieving the maximum flotation selectivity. Various amines such as primary aliphatic
amines [29], diamines [30], and quaternary amines [31] have been utilized as collectors for
floating silicates [30,32]. Ether amines are more efficient among these cationic collectors due
to their higher solubility in pulp, collectivity, and frothing ability [18,30,32,33]. These fea-
tures would be due to the N-alkyloxy propylamine (R-O—-(CHjy)3—-NH;) formation [17,32].
Thus, ether amines could play both collector and frother roles. An ion—molecular complex
of ether amines in alkaline pH can form by associating an ammonium ion and dimerizing
ammonium ions. The generated complexes are significantly surface—-active that promote
silicate flotation separation [20,32]. Given these advantages, ether amine collectors are
used globally for silicate rejection in the iron ore processing plants (processing of more
than 80 million tons of iron ore concentrate in Brazil [34]).

Ether amines could also obtain more selectivity on silicates than the other typical
cationic collectors [17,30]. Filippov et al. (2010) explored the amphibole floatability in
the presence of ether amine and showed its efficiency was significantly higher than fatty
acid amine [17]. Papini et al. (2001) conducted batch flotation tests on itabirite ore by
using various cationic collectors [30]. They revealed that the provided separation efficiency
of ether monoamines was quite higher than ether diamines and fatty amines [30]. For
micaceous minerals, Leal Filho et al. (2002) demonstrated that more than 85% of phlogopite
particles could be floated in the presence of a high ether amine dosage (100 mg/dm3;
pH 10) [13]. Using a high concentration of ether diamine collector at pH 8 showed that
biotite and muscovite could make satisfactory floatability [24]. They also cause lower
floatability of iron minerals comparing to fatty amines and diamines [30].

The application of Flotigam®EDA (commercial ether monoamine) and its mechanism
in the floatability of quartz have been reported in several studies [35-37]. Although
few studies explored the effect of ether amines on the micaceous minerals’ floatability
(by conducting micro—flotation tests) [13,24], its effect and adsorption behavior on their
surfaces, especially on their biotite and phlogopite surfaces, were not addressed in detail.
Therefore, this study is going to fill this gap and explore the ether monoamine adsorption
behaviors onto the biotite and phlogopite surfaces in alkaline conditions and compare it
with quartz to enhance the flotation separation sustainability. For this purpose, micro—-
flotation tests were performed on pure phlogopite, biotite, and quartz at pH 10 to evaluate
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the effect of the collector on their floatability. The contact angle, residual surface tension,
and zeta potential measurements were used to understand the surface interactions in the
presence of Flotigam®EDA.

2. Materials and Methods
2.1. Materials

Pure quartz was sampled from “Mineragao Jundu from Descalvado-SP”, Brazil. The
pure biotite (K(Mg,Fe)3 AlSizO1o(F,OH),) sample was obtained from the Socorro-Guaxupé
Nappe area, Minas Gerais, Brazil. The pure phlogopite (KMgzAlSi3O1y(F, OH),) sample
was sampled from Azartalgh Mica mine, West Azerbaijan, Iran. The captive bubble method
(CBM) was used for assessing the contact angle. Large pieces of the fresh minerals were
chosen to reduce the possible effect of cracks, and then they were cut and followed by
polishing and preparing. A hand hammer was used for crushing samples in a porcelain
mortar. Samples were then wet sieved to achieve size fractions of —75 + 25 um, aiming
to use for the micro—flotation, residual surface tension experiments, and —25 um, for
the zeta potential tests. The chemical composition of samples was determined by X-ray
fluorescence (Table 1). Belsorp mini-II equipment (Bel Japan Inc.) was used to do the
BET (Brunauer—-Emmett—Teller) assessment and measure the specific surface area of pure
minerals. Nitrogen gas at 77 K was utilized for all measurements. The results of BET
measurements are presented in Table 1.

Table 1. Chemical composition of mineral samples and their representative BET.

Chemical Composition (%) BET Specific
Pure Mineral : . 2
Fe, 05 K,O AL, Oy SiO, MgO CaO TiO, Na,O Surface (m“/g)
Quartz 0.9 - 0.05 98.8 0.05 0.05 - 0.1 0.67
Phlogo-pite 6.3 13.3 15.1 39.2 22.7 1.7 0.9 0.3 1.84
Biotite 11 11 11.8 38.2 19.3 1.5 2.9 0.3 2.10

Flotigam®EDA was provided from Clariant, Sao Paulo, Brazil. HCl and NaOH (1%
w/v analytical grade) were used to adjust the pH. Analytical grades of acetone and ethanol
were used to clean the flat plates. All reagents were prepared from Casa Americana (Brazil),
and all tests were performed with distilled water.

2.2. Micro-Flotation

Micro—flotation experiments were conducted with various EDA concentrations (2.5,
7.5, 15, 30, 75, and 140 mg/ dm3) at pH 10. Each test was triplicated. Experiments were
conducted in a 60 mL Hallimond tube using 50 mL/min nitrogen flow rate, and the average
results were considered. A mechanical stirrer was used at a speed of 1380 r/min [10].
During each test, 1.0 g of pure mineral sample and pre—adjusted water (pH ~10) were
mixed into the tube, and then the slurry was treated for 1 min. EDA was added into the cell
in the next step, and conditioning was continued for 1 more minute. After conditioning,
flotation was performed for 1 min. Finally, hand scraping was used to collect the flotation
products. Flotation products were filtered and dried at 40 °C. Their weights were separately
measured and their metallurgical responses were calculated.

2.3. Contact Angle Measurements

Contact angle measurements were carried out by the Captive Bubble Method (CBM).
Goniometer DSA25 (supplied by Kruss, Germany) was adopted to perform the contact
angle assessments. Through the contact angle assessment, a glass syringe (0.487 mm needle
diameter) was employed to place an air bubble on the surface of the conditioned mineral
plate. Each test was repeated at least 4 times. The Kruss program was used for accurate
measurement. Ellipse fitting and Young—Laplace were considered for evaluating the bubble
boundary and contour line [38]. The freshly mineral sample plates were first placed in a
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100 mL beaker and conditioned with the desired EDA concentration by using a Rushton
turbine at pH 10 for 1 min. After conditioning, samples were dried at ambient temperature,
and then their contact angle was measured. According to the established procedure,
samples were washed with acetone and water [38] before conducting the measurements.

2.4. Residual Surface Tension Measurements

Residual surface tension measurements for mineral suspensions (depletion method)
were performed to evaluate the EDA adsorption onto the mineral surfaces; 2.0 g mineral
samples (—75 + 25 um) were conditioned in a 100 mL beaker containing an aqueous
solution with a certain EDA concentration of 15, 30, 75, and 140 mg/ dm? for 3 min at pH 10.
Then, mineral suspensions were filtered, and their residual solution was used to measure
the surface tension by the Wilhelmy plate method by the automated force tensiometer
K100 (Kruss, Germany). This method uses a platinum plate with a rectangular surface area
and rough surface. The lower edge of the plate is placed in contact with the surface of the
liquid, which advances over it, pulling it inside as a result of the “force of Wilhelmy” (Fw).
The tensiometer counterbalanced and measured this force when it returned the plate to its
initial position (liquid surface). The YLV (surface tension; mN/m) value of the liquid is
automatically determined by the instrument using Equation (1). To use such an equation,
the value of 0 (contact angle; degrees) must be zero. The roughness and careful cleaning of
the plate guarantees this requirement [39].

F

_ w
YV = T Cos 0’ M)

In Equation (1), L is the wetted length of the solid (perimeter at the liquid surface
level). Programming of equipment was the base of measuring 50 measurements within a
length of time of 400 s. The surface tension of EDA solutions with the same concentrations
was also measured. All measurements were repeated at least three times at 23.5 + 0.5 °C,
and the average results were considered for the assessments. The final outcome was the
average value of the last 15 measurements.

2.5. Zeta Potential

Before and after EDA treatment, zeta potential measurements of minerals were con-
ducted using a Malvern zeta sizer (nano—2590). To determine the ZPC, zeta potentials were
measured at different pH values (2-11), in the presence of 30 mg/dm? EDA. Moreover, mea-
surements were done at different concentrations of EDA (5, 10, 20, 30, 75, and 140 mg/ dm?),
at pH 10; 50 £ 1 mg of the minerals was added to a 100 mL aqueous solution with an
assigned EDA concentration for each pH value and stirred for 3 min. Afterwards, the
particles were settled for 5 min. Consequently, around 3 mL of supernatant was collected
with the syringe and transferred to Mavern special cell for the zeta potential measurement.
All of the experiments were conducted at 22 £ 1 °C and repeated three times.

3. Results
3.1. Micro-Flotation of Single Minerals

Results (Figure 1) indicated that the quartz floatability increased with enhancing the
collector dosage, and about 97% of quartz was floated at 30 mg/dm? of EDA. Floatability
of biotite was 63% when the EDA concentration reached 30 mg/dm>. However, phlogopite
responded poorly to the cationic flotation, and its floatability at the same EDA concen-
tration was only 46% (Figure 1). It was documented that amines with dosages higher
than 1.0 x 10~* M can maximize silicate floatability [16,21,40]. Thus, it is expected that
satisfactory floatability for both biotite and phlogopite was obtained at such a concentra-
tion. However, it is observed that the recovery of micaceous minerals is relatively low, at
30 mg/dm?® concentrations of EDA (Figure 1).
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Figure 1. Floatability of phlogopite, biotite, and quartz as a function of Flotigam®EDA.

At concentrations above 30 mg/dm?, increasing the EDA concentration up to 140 mg/dm?
allowed the phlogopite and biotite recoveries to about 87 and 92%, respectively. Such a
trend was reported in cationic flotation of phlogopite with a dodecylamine collector [18].
Unlike micaceous minerals, the quartz recovery has almost remained constant at its maxi-
mum level (above 97%). It shows that micaceous minerals need more collector species to
cover the surface and, consequently, floating, than quartz. This outcome can be linked with
BET-specific surface values of minerals (Table 1), where the surface area of layered silicates
was significantly higher than the surface area of quartz, indicating that high collector
concentrations are needed to cover micaceous surfaces. This phenomenon consequently
renders their surface more hydrophobic; thus, much more collectors would be needed.

As shown in Figure 1, the quartz floatability was higher than phlogopite and biotite
in the whole EDA concentrations. These outcomes are compatible with other investi-
gations, proving the quartz recovery is higher than the micaceous minerals in cationic
collectors [24,40]. This phenomenon could be due to the higher share of silanol groups on
the surface of quartz than these micaceous minerals, which cause much higher cationic
collectors’ affinity towards Si sites than other metallic sites [21].

Rao et al. (1990) indicated that at alkaline conditions, using dodecylamine as a cationic
collector was not successful for the flotation of mica minerals (biotite and muscovite with
the mean particle size of 150 ym) [23]. However, Rao et al. (1995 and 1997) showed
that at pH 7.5 and presence of 10-5 M primary amine, the floatability of muscovite and
biotite (particle size —75 + 5 um) could be increased to 70 and 22.5%, respectively [25,26].
Filippov et al. (2012) also reported that only 10% of muscovite and biotite are floated at
pH 8 with a low concentration of cationic collector (10-5 M of primary amine) [24]. These
low floatabilities, compared to the results from Rao et al. (1995 and 1997) [25,26], could
be due to the different mineralogy of examined samples and also the differences between
hydrodynamic flotation conditions [21]. Although the floatability of layer silicates with
dodecylamine could be received to acceptable values, their flotation responses would be
weaker than framework silicates, e.g., quartz [19]. Leal Filho et al. (2002) demonstrated
that more than 85% of phlogopite particles could be floated in the presence of a high ether
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amine dosage (100 mg/dm?; pH 10) [13]. However, at a lower pH (pH 6.6), phlogopite
recovery using 30 mg/dm?® dodecylamine was reported to be around 35% [27].

3.2. Contact Angle Measurements

The contact angle of untreated biotite was almost similar to quartz (11.2° and 11.1°),
while phlogopite showed the lowest value (9.5°) (Figure 2). These outcomes showed
relatively higher phlogopite surface energy than the other two minerals. Since several
oxygen sites are on the silicate surface, they could interact with water molecules based
on their hydrogen bonds. Since the aqueous medium could substantially wet them, the
contact angle of bare silicates should not be high. With increasing the EDA concentration,
the contact angle of all minerals increased (increasing the EDA concentration increases
these minerals” hydrophobicity). This incremental trend for all minerals was almost equal
(Figure 2). This outcome was consistent with micro—flotation results (Figure 1), where the
floatability of biotite was higher than phlogopite in the corresponding EDA concentration
(30 mg/dm? EDA). Generally, a higher contact angle value is expected to depict a higher
flotation response for aim minerals compared to other minerals under the same conditions.
However, the floatability of the treated quartz with 30 mg/dm?® EDA was significantly
more than phlogopite and biotite (Figure 1), while they had approximately a similar
contact angle (Figure 2). This could be explained by the fact that the phlogopite and
biotite floatability may be affected by physicochemical parameters of mineral flotation, e.g.,
surface dissolution, rheology, and particle shape characteristics.
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Figure 2. The contact angle of biotite, phlogopite, and quartz vs. Flotigam®EDA concentration (pH 10).

It should be noted that contact angle measurements were done for an ideal plate
of minerals and may not be a precise representation of their fine particles or all their
parts, especially for micaceous minerals. Micaceous mineral particles present anisotropic
surfaces; therefore, two main sites should be considered for the flotation reagent adsorption:
the side edges and the basal surface. The side edges are parallel to the (010) and (110)
crystallographic orientations, and the basal surface is parallel to the crystallographic
orientation of (001). The side edges commonly exhibited by the mica particles are frontal
planes that present rims with broken bonds of the tetrahedral (mainly Si** and AI**) and
octahedral (mainly Mg2+, AI%*, Fe?*, Fe3*) cations [41]. Therefore, tetrahedral cations may
offer more suitable sites for EDA adsorption [12,13,21].
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3.3. Residual Surface Tension

The EDA adsorption on the mineral surfaces was investigated by measuring the
residual surface tension of solutions. As results indicated (Figure 3), adding 30 mg/dm?
(Ln C = 3.4) EDA decreased the surface tension of distilled water (y_lv =72.5 mN/m) to
32.8 mN/m. This phenomenon demonstrates the EDA’s strong ability, as a long—chain
collector, for adsorbing onto air/water interface and mineral/water interface [1,42]. A
similar pattern was reported by testing other cationic collectors, especially ether amine,
which decreased the surface tension of the solution [43]. Outcomes indicated that the resid-
ual surface tension of quartz’s suspension in various EDA concentrations (15, 30, 75, and
140 mg/dm?®) was lower than phlogopite and biotite, which means a lower EDA adsorption
on the quartz surface. The residual surface tension of biotite’s suspension at 30 mg/dm?
EDA concentration (y_lv = 41.6 mN/m) was higher than phlogopite (y_Iv = 38.2 mN/m)
and quartz (y_lv = 37.8 mN/m). The higher surface area of biotite than the phlogopite and
quartz can explain this phenomenon (Table 1).

44 | :
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= b4 Y
= wf Quartz
S
Zz
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=
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5 1 a
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*
30 ¢ "
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Ln C (mg/dm’)

Figure 3. The residual surface tension of solutions containing biotite, phlogopite, and quartz after
conditioning with different concentrations of Flotigam®EDA (pH 10).

As it was mentioned in the section on micro—flotation results, by increasing the EDA
concentration, the tendency of micaceous minerals’ surface to adsorption of EDA was
increased. This phenomenon was also confirmed in residual surface tension measure-
ments (Figure 3), in which a significant difference between the residual surface tension of
micaceous minerals’ suspension and quartz’s suspension was observed. In fact, because
of the low hardness of micaceous minerals, they tend to form very fine particles during
milling, so—called “slimes”. Therefore, this is not far from expectation to find micaceous
minerals’ particles with a higher surface area than the quartz, in an almost similar particle
size fraction. On the other hand, regarding the layer structure of micaceous minerals, the
layers which are weakly bonded together by interlayer cations such as K* and Na*, can
easily peel off, and a new fresh surface creates when they are stirring in a suspension.

According to the above description, it is expected that after the external surfaces
of fine micaceous particles are saturated with the collector, most outer mineral layers
may be peeled off, the new fresh surface is frequently created, and demand for collector
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adsorbing is increased (Figure 4). The results of residual surface tension measurements
(Figure 3) well confirm this claim. Moreover, with peeling off the layers and creating new
ones, the hydrophobicity of mineral particles is lost. Consequently, their floatability is
affected, which was observed in micro—flotation results (Figure 1), where, unlike quartz’s
particles, the floatability of micaceous minerals was low at EDA concentrations—lower
than 75 mg/dm3.

EDA species !

Peeled off

Layered silicate

Figure 4. The schematic of peeling off and creating the new face of layered silicate and adsorption of
collector onto these surfaces.

3.4. Zeta Potential
34.1. pH

The zeta potential measurements were performed to provide more details about EDA
interaction with the mineral surfaces. The zeta potential measurement results of pure
minerals as a function of pH indicated (Figures 5-7) that the point of zero charges (pzc) of
pure biotite, phlogopite, and quartz occurred around pH 2. Similar results were reported
in other investigations (Table 2) [10,13,24,37,44-50]. EDA solution (30 mg/ dm?) exhibited
a positive charge over a wide pH range (Figures 5-7) which is associated with its cationic
active species, e.g., aminium ion, RNH3+, and dimerization of aminium ions: (RNH3)2+.
Severov et al. (2016) reported the same trend for amine acetate salts [21]. Adding EDA
to pure minerals’ suspensions, their IEP was shifted toward higher pH values, indicating
that protonated amine molecules adsorbed on the mineral surfaces (Figures 5-7). The high
shifting in the pH values was reported due to the interactions of cationic collectors, e.g.,
dodecyl and ether amine, and silicate surfaces [21].

The ZPC of biotite shifted to pH >4 after conditioning with EDA (Figure 5). This
could be due to the electrostatic attraction, which came from the interaction between
EDA and the biotite surface. The same behavior was observed for phlogopite and quartz
(Figures 6 and 7). For micaceous minerals, a weak increase in positive magnitudes of
zeta potential was detected at pHs below ZPC, which indicated that surface charges repel
each other, confirming physical interaction between their surfaces and EDA positive head
molecules [51,52]. As could be seen, a higher ZPC shifting was achieved for phlogopite
compared to biotite when EDA interacted with their surface. This result could be related
to higher Mg sites on the phlogopite surface than the biotite (Table 1). Generally, MgO
as a basic oxide has a high affinity for protons [53]; therefore, Mg sites on the phlogopite
surface have a significant role in increasing zeta potentials and shifting the ZPC to higher
pH values [21].
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Table 2. IEPs of quartz, biotite, and phlogopite were reported in the literature.

Mineral IEP

Quartz 1.9 [10], <2 [37], 2 [44], 2.1 [45], 2 [46]

Biotite <1.5[13], <1 [24], 2.6 [47], 3 [48]
Phlogopite <1.5[13],2.1[48],2.1 [49], 2.4 [50]

In general, zeta potential results showed that EDA adsorbed onto the surface of all
the mineral samples. The zeta potential magnitudes of the EDA-treated quartz in a wide
range of pH values are higher than phlogopite and biotite (Figure 7). Indeed, the quartz
surface treated with EDA is more positive than the phlogopite and biotite. This can be
explained by the fact that bare quartz surfaces had more negative surface energy than pure
phlogopite and biotite. This could lead to a significant electrostatic attraction between
quartz and the EDA cationic species. At pH 10 and 30 mg/dm?® EDA, the surface charge of
the conditioned quartz was significantly shifted toward positive charges compared to the
treated biotite and phlogopite surfaces. This depicted that silicate minerals with a higher
share of silanol groups on their surfaces (lower share of metallic ions on their surfaces)
could be highly affected by cationic collectors, and their surface hydrophobicity would be
markedly increased. This outcome is consistent with micro—flotation results, where higher
floatability of quartz at 30 mg/dm?® was achieved than the micaceous minerals, indicating
much higher surface saturation of quartz by EDA comparing micaceous minerals.

3.4.2. EDA Concentration

Zeta potential results in the presence of different EDA concentrations at pH 10 demon-
strated that the surface charge of all minerals became more positive by increasing the EDA
concentration (Figure 8). However, the zeta potential of phlogopite and biotite was more
positive over the investigated EDA concentration range, especially in concentrations more
than 30 mg/dm?>. The zeta potential variations for micaceous minerals were almost the
same. In the 30 mg/dm® EDA, the zeta potential of bare phlogopite and biotite shifted from
—284 mV and -30.7 mV to -16.1 mV and —18.8 mV, respectively. However, the quartz zeta
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potential became —20.4 mV from -50.3 mV (bare quartz). This is while, by increasing EDA
concentration from 30 to 140 mg/dm?, the zeta potential of micaceous minerals was sharply
shifted toward positive charges (Figure 8). This incremental trend was higher than quartz,
indicating more desire for micaceous minerals to absorb EDA in higher concentrations.
Indeed, increasing the EDA concentration caused saturation of the surface of micaceous
minerals, and as a result, increased their floatability. In other words, increasing the mineral
surface charges by adding EDA was a shred of evidence for its physical adsorption, which
could lead to an increase in their floatability (Figure 1).
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Figure 8. Zeta potentials of biotite, phlogopite, and quartz as a function of Flotigam®EDA concentra-
tion at pH 10.

4. Conclusions

In order to understand the effect of Flotigam®EDA, ether monoamine collector, on
the cationic flotation of biotite, phlogopite, and quartz, single mineral micro—flotation tests
along with surface analyses were employed. Micro—flotation results indicated that in vari-
ous EDA concentrations, the floatability of quartz was significantly higher than phlogopite
and biotite. Biotite and phlogopite could satisfactorily float at a higher dosage of EDA,
depicting more collector molecules needed to saturate the surface of these minerals than the
quartz. Due to the contact angle measurements on an ideal surface of minerals, all minerals’
obtained contact angle values were almost similar. Adsorption tests by measuring the
residual surface tension of mineral suspensions indicated that phlogopite and biotite could
adsorb EDA on their surfaces, much higher than quartz. Zeta potential measurements con-
firmed a higher affinity of micaceous minerals to EDA at higher concentrations, matching
with micro—flotation and adsorption test results. Zeta potential outcomes also indicated
the adsorption mechanism could be physical interaction between negative surface sites of
these minerals and the positive EDA molecules.
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