
Contents lists available at ScienceDirect

Minerals Engineering

journal homepage: www.elsevier.com/locate/mineng

Selective flotation of apatite from micaceous minerals using patauá palm
tree oil collector

Juliana Angélica Evangelista de Carvalho⁎, Paulo Roberto Gomes Brandão,
Andreia Bicalho Henriques, Priscila Silva de Oliveira, Raul Zanoni Lopes Cançado,
Gilberto Rodrigues da Silva
Department of Mining Enginneering, Federal University of Minas Gerais, Brazil

A R T I C L E I N F O

Keywords:
Collector synthesis
Patauá oil
Apatite
Micaceous minerals
Flotation

A B S T R A C T

Micaceous minerals are commonly found in phosphate ores, representing a challenge to selectively recover
apatite. Aiming at identifying new flotation reagents for the separation of apatite from micaceous minerals, this
study investigates the floatability of apatite, biotite and phlogopite in the presence of patauá oil-based collector.
The chemical and mineralogical composition, electrokinetic properties and floatability of apatite, biotite and
phlogopite in the presence of patauá fatty acid salts, as well as the reagent synthesis and adsorption mechanism
were investigated in this work. The collector was successfully synthesized and showed a 90% selectivity gap
between apatite and micaceous minerals in microflotation tests, at neutral and alkaline pH. The formation of
calcium dicarboxylate was indicated to be the collector adsorption mechanism for apatite, whereas a less sig-
nificant interaction with interlayer cations exposed during comminution was pointed as the adsorption me-
chanism for biotite and phlogopite.

1. Introduction

Phosphate ores are an important, non-renewable and currently ir-
replaceable source of phosphorous for application in the agriculture
sector (Bada et al., 2013; Fang and Jun 2011; Horta et al., 2016; Yang
et al., 2017), as phosphorus is one of the fertilizers’ most important
macronutrients for plants, necessary for increasing their productivity
and, therefore, ensuring a stable global food supply (Cao et al., 2015;
Chen and Graedel, 2015). In fact, currently 80% of the phosphate ores
mined worldwide is used to produce phosphoric acid, which is an input
in the production of fertilizers (Al-Thyabat et al., 2012;
Mohammadkhani et al., 2011).

Apatite is the main valuable phosphorus-bearing mineral in phos-
phate ores, whereas the non-valuable minerals are mostly carbonates
(e.g.: calcite and dolomite) and silicates (e.g.: quartz, chert, clays,
feldspar and mica) (Liu et al., 2017; Mohammadkhani et al., 2011; Sis
and Chander, 2003).

The phosphate ores are usually classed as low (12–16% P2O5),
medium (17–25% P2O5) or high grade (26–35% de P2O5) reserves
(Mohammadkhani et al., 2011). The main Brazilian phosphate deposits
are located in the Alto Paranaíba Igneous Province, in the States of
Goiás (Catalão) and Minas Gerais (Araxá and Tapira), and present low

grade, which vary from 5 to 15% P2O5 (Albuquerque et al., 2012; Zhang
et al., 2006). Carbonates and quartz are typically the gangue minerals
in these deposits (Hanumantha Rao et al., 1989; Peng and Gu, 2005),
although micas also appear in significant amounts in these mineral
assemblages, being one of most abundant non-carbonate minerals in
carbonatites (Giebel et al., 2019). Phlogopite is one of the main gangue
minerals in Goias phoscorites (Albuquerque et al., 2012; Cordeiro et al.,
2010; Zhang et al., 2006), whereas biotite and muscovite are present in
Minas Gerais deposits (Brod et al., 2001; Seer and Moraes, 2013).
Phlogopite and biotite were also identified in Brazilian deposits of
minor importance, as Itataia (Albuquerque et al., 2012) and Morro da
Mina (Leal Filho et al., 1993).

Micas are a group of minerals which present perfect cleavage in one
direction, forming sheets. In this group, the minerals also have a crys-
talline structure consisting of 2:1 layers (tetrahedral: octahedral) which
present a negative structural charge due to the substitutions of Si4+

ions by Al3+ in the tetrahedral layers or Al3+ by Mg2+ or Fe2+ in the
octahedral layers (Parks, 1975; Reynolds, 1980). The charge compen-
sation occurs via electrostatic bonds with the cations in between the
aluminosilicates layers (Loh and Jarvis, 2010; Parks, 1975).

As a minimum P2O5 grade of 30% is required for producing phos-
phoric acid, phosphate ores usually required concentration, which is
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achieved using flotation (Abouzeid, 2008; Azizi and Larachi, 2018; Cao
et al., 2015). In phosphate flotation systems, vegetable oil based fatty
acids and their salts are the most common collectors (Brandão et al.,
1994; Filippov et al., 2019; Sis and Chander, 2003). These collectors are
used to recover apatite in alkaline pH and depressors are used to reduce
the flotation of non-valuable minerals (Filippova et al., 2018; Zhang
et al., 2006). In these conditions, fatty acids are ionized and the car-
boxyl group reacts with calcium ions, at the apatite surface and in so-
lution, producing the non-soluble calcium carboxylate (Filippova et al.,
2018; Jong et al., 2017). Worldwide, tall oil (a by-product of the paper
industry) is the main source of the fatty acids used in flotation plants
(El-Shall et al., 2004; Guimarães et al., 2005; Sis and Chander, 2003),
although the substitution by alternative vegetable oil sources, e.g.: rice,
soy bean and grape, is a growing trend currently observed, particularly
in Brazil (Cao et al., 2015; Guimarães et al., 2005). In fact, the in-
vestigation on alternative vegetable oil sources has been encouraged by
tall oil price increases due to paper recycling (Sis and Chander, 2003).
Sources recently investigated are: linseed (Linum usitatissimum)
(Brandão et al., 1994), babaçu (Orbignya phalerata) (Oliveira et al.,
2005), buriti (Mauritia flexuosa), inajá (Attalea maripa), açaí (Euterpe
oleracea), passion fruit (Passiflora edulis), andiroba (Carapa guia-
nenses), Brazil nut (Bertholletia excelsa) (Costa et al., 2011), jojoba
(Simmondsia chinensis) (Al-Thyabat et al., 2012), coconut (Cocos nu-
cifera) (Albuquerque et al., 2012), macaúba (Acromia aculeata) (Silva
et al., 2015a), pequi (Caryocar brasiliense) (Silva et al., 2015b), and
patauá (Oenocarpus bataua) (De Oliveira et al., 2019).

Patauá palm trees are found in the Amazon forest in Brazil, French
Guiana and Peru. Typically, the fatty acid profile obtained from patauá
palm tree oil is similar to that of tall oil as it presents large amounts of
unsaturated fatty acids, mainly oleic acid (> 40%) (Balick and
Gershoff, 1981; Guimarães et al., 2005; Montúfar et al., 2010). This
profile is desired as unsaturated fatty acids are reported to exhibit
greater collecting power over apatite (Brandão et al., 1994; Guimarães
et al., 2005). The presence of unsaturation in the fatty acid structure not
only results in greater solubility (Brandão and Poling, 1982), but it also
promotes a partial polymerization between the molecules adsorbed
onto the mineral surface, resulting in a mixed film of high stability and
hydrophobicity (Brandão, 1988). In the Brazilian phosphate beneficia-
tion plants, the replacement of tall oil by other vegetable oils with si-
milar fatty acid profile is already a consolidated practice (Guimarães
et al., 2005). Patauá oil collector has also been reported as a potential
collector for phosphate ore flotation, being selective to separate apatite
from quartz and calcite at neutral and alkaline pH conditions. Funda-
mental tests demonstrated that, using low collector concentrations,
adsorption took place preferably onto apatite surface. The performance
rendered by Patauá oil collector also showed to be greater than that of
sodium oleate, as lower dosages of the former reagent was required to
achieve selectivity, which indicates lower reagent consumption (De
Oliveira et al., 2019). In the Brazilian phosphate beneficiation plants,
the replacement of tall oil by other vegetable oils with similar fatty acid
profile is already a consolidated practice (Guimarães et al., 2005).

Despite the studies conducted on the selective flotation of mica,
such as muscovite and biotite from other silicate minerals in mica schist
bed rocks (Hanumantha Rao et al., 1995, 1990), biotite and muscovite
from Ca-bearing minerals (Filippov et al., 2012), and the significant
number of studies on vegetable oil-based collectors for the flotation of
apatite from calcite, dolomite, quartz and other non-valuable minerals
(Al-Thyabat et al., 2012; Albuquerque et al., 2012; Brandão et al., 1994;
Costa et al., 2011; De Oliveira et al., 2019; Oliveira et al., 2005; Silva
et al., 2015a, 2015b), research on the use of fatty acids to separate
apatite from micaceous minerals are scarce. In fact, most of siliceous
minerals flotation studies are based on cationic collectors as the elec-
trostatic mechanism is well understood to be efficient for this mineral
class (Filippov et al., 2012; Hanumantha Rao et al., 1995, 1990; Peng
and Gu, 2005). In this sense, based on previous study (De Oliveira et al.,
2019), this work expands the study on the use of patauá palm tree oil as

a phosphate collector, investigating the selective separation of apatite
from the non-valuable biotite and phlogopite, commonly found in
Brazilian phosphate deposits.

2. Methodology

2.1. Materials

The apatite, biotite and phlogopite samples were purchased from
Luiz Menezes Comércio e Exportação de Minerais Ltda (Belo Horizonte,
Brazil). They had their size initially reduced using a hammer, were
handpicked to separate impurities, and then pulverized using an agate
mortar and pestle to obtain particles in the 212–45 µm size range for
microflotation tests and smaller than 38 µm for zeta potential and in-
frared spectroscopy measurements. The 212–45 µm particle size range
was used in the microflotation tests to mimic the coarse friable circuit
the Tapira Mineral Complex (CMT), which is one of the most important
phosphate ore deposits in Brazil.

The extra virgin patauá oil sample (PO) was supplied by the Amazon
Oil Industry Company (Levilândia, Brazil). The collector was produced
by saponification of PO at 75 °C using a 2% (w/v) sodium hydroxide /
anhydrous ethanol solution under reflux for one hour. At the end of the
process, the saponified oil was cooled and filtered, generating a solid
(patauá fatty acid salt collector - POC) and a residual liquid fraction
(mostly ethanol and glycerol). The solid fraction was dried at 50 °C for
24 h and stored as powder.

2.2. Methods

2.2.1. Characterization
The purity of the mineral samples was evaluated using X-ray powder

diffraction (XRD). The tests were conducted in a PW1710 dif-
fractometer (Philips-PANalytical, U.K.) equipped with graphite mono-
chromator crystal and copper X-ray source (λ κα = 1.54 Å) and per-
formed at 50 kV and 35 mA, with 2θ ranging from 3 to 90°, step size of
0.06° (2 θ) and scan time of 3 s. The chemical analyses were performed
using Wavelength Dispersive X-ray Fluorescence (WDXRF) in a PW
2404 spectrometer (Philips-PANalytical, U.K.) equipped with rhodium
anode tube. The fusion bead method was used to prepare 2 g samples
with Li2B4O7.

The electrokinetic properties of the minerals (Zeta Potential) were
investigated by electrophoresis using a ZM3-D-G Particle Analyzer (Zeta
Meter, U.S.A). The suspensions were prepared by adding 10 mg of <
38 µm mineral sample into 100 mL of pH adjusted 1 × 10−3 M KNO3

solution (supporting electrolyte). Each suspension was then settled for a
period determined by Stokes law in order to obtain particles finer than
2 µm in the final suspension collected for the tests. The pH of suspen-
sions and solutions was adjusted using HNO3 and KOH.

The fatty acids profile of the patauá palm tree oil (PO) was obtained
using Gas Chromatography (GC) of fatty acid methyl esters, with FAME
C14-C22 (Supelco cat n◦18917) as standard for the peak identification.
These analyses were conducted using a HP7820A Gas Chromatographer
(Agilent, U.S.A.) equipped with flame ionizing detector, SGE column,
and hydrogen as carrier gas. Iodine and saponification values (IV and
SV) were obtained according to the ASTM D5554-15 (Wijs Method) and
D5558-95, respectively. These values were also obtained indirectly,
based on the fatty acids profile. Acidity index (AI) analyses were per-
formed in compliance with ASTM procedures D5555-95.

The patauá fatty acid salt collector (POC) was characterized by
Fourier transform infrared spectroscopy (FTIR) to ensure the efficiency
of the saponification reaction. Spectra of both the vegetable oil and the
collector were obtained for comparison.

2.2.2. Microflotation
The floatability of apatite, biotite and phlogopite, after conditioning

with POC, was investigated in a modified Hallimond tube (Da Silva
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et al., 2018). Each test was conducted using 0.5 g single-mineral sam-
ples, which were conditioned in the bottom part of the tube with a
40 mL pH adjusted POC concentrated solution for 4 min. Frother was
not used in the experiments to avoid synergistic interactions with POC,
and also considering the frothing properties expected for fatty acid
collectors (Atrafi et al., 2012). The extensor and the top part of the tube
were attached, and the suspensions were then completed with pH ad-
justed reverse osmosis purified water up to a total 310 mL volume. The
particles were kept in suspension by agitation using a magnetic stir bar.
Nitrogen (N2) gas was purged through the tube at a flow rate of 40 cm3/
min and flotation was conducted for 1 min. The floated and non-floated
products were then filtered, dried and weighed. Floatability was cal-
culated as the weigh percentage floated.

2.2.3. Fourier transform infrared spectroscopy (FTIR)
The collector adsorption onto the surface of apatite, biotite and

phlogopite were studied by Fourier transform infrared spectroscopy
(FTIR) using an ALPHA II spectrometer (Bruker, U.S.A) in attenuated
total reflectance (ATR) mode, with 64 scans within the 4000–675 cm−1

range, at 4 cm−1 resolution. Measurements were conducted for pure
samples and samples conditioned with POC. The mineral samples
(10 mg) were conditioned for 30 min in 50 mL of 30 mg.L-1 POC so-
lutions, previously pH adjusted. Washing and filtering in 0.05 µm MF-
Millipore™ filters were conducted and the solids dried and put in a
desiccator for 12 h before the FTIR experiment.

3. Results and discussion

3.1. Characterization

The XRD results were evaluated using the PANalytical X’Pert
HighScore and the peaks compared with standards from the ICDD
(International Centre for Diffraction Data) PDF-2 database released in
2010. These results, shown in Fig. 1, confirmed the mineral samples
presented high purity, which was also confirmed by the WDXRF ana-
lyses (Table 1). It can be noted that the apatite sample presented high
CaO and P2O5 content and the micas had high quantities of Al2O3 and
SiO2, for their octahedral and tetrahedral layers, respectively. Biotite
and phlogopite samples also presented high Fe2O3 and MgO content as
a result of the substitution of aluminum ions inside the octahedral
sheets, accordingly to the biotite-phlogopite series (Klein and Dutrow,
2012; McKeown et al., 1999). The unexpected CaO content in phlogo-
pite sample are likely to be due to calcium ions located at interlayer
positions, in substitution to potassium ions, similarly to what can occur
in biotite (Klein and Dutrow, 2012; Reynolds, 1980).

The zeta potential of apatite, biotite and phlogopite were found to
be negative in most of the pH conditions investigated, as shown in
Fig. 2. The isoelectric point (IEP) of phlogopite and biotite were

determined to be at approximately pH 2.1 and 3.0, respectively, which
is consistent with previous studies (Bray et al., 2014; Filippov et al.,
2012; Rath and Subramanian, 1997; Stenstrom, 1989; Wang and
Heiskanen, 1992). The IEP of apatite was observed at approximately pH
2, which is within the wide pH range described for different apatite
samples (Filippov et al., 2012; Hu and Xu, 2003; Merma et al., 2013;
Owens et al., 2019). The role of supporting electrolyte in zeta potential
measurements is to provide enough ions and counter ions for the diffuse
double layer, and should not interfere in the values of IEP obtained. If a
supporting electrolyte has such effect, it should be considered as a
potential determining ion (Fuerstenau and Pradip, 2005) and sub-
stituted. The slight differences observed are more likely to be a result of
natural variations of chemical composition from one mineral sample to
another (Filippova et al., 2014) than as a result of different supporting
electrolytes. Table 2 compares the IEP values observed in this work and
values found in the Literature.

The patauá oil fatty acid profile, shown in Table 3, presents a pre-
dominance of oleic acid and is characteristic of this vegetable oil variety
according to AOC standards (Firestone, 2013). The iodine and saponi-
fication indexes (Table 4) are also in agreement with specifications of
this oil, a result of the fatty acid composition. The small variations are
typical of materials of biological origin and are a consequence of nat-
ural factors, e.g.: locality, temperature, humidity among others during
fruit development.

The acidity index is a parameter which indicates the amount of free
fatty acids in the oil sample. A high index is favorable for synthesizing
collector reagents as the presence of free fatty acids in the saponifica-
tion system favor the formation of primary fatty acid salts which act as
catalysts (Poulenat et al., 2003; Woollatt, 1985). The greater acidity
index observed in the Table 4 is then beneficial.

The ATR-FTIR spectra of PO and POC are shown in Fig. 3, empha-
sizing the bands related to the carboxyl group. After saponification, it
can be noted the disappearance of the 1744 e 1711 cm−1 bands (curve
a), typical of triglycerides and free fatty acids, respectively, and the
appearance of the 1558 cm−1 band (curve b), characteristic of sodium
fatty acid salts (Mirghani et al., 2002; Schulz and Baranska, 2007).
These changes indicate that the saponification occurred completely or
almost completely. The additional bands identified in the spectra are
related to the hydrocarbon chains from the fatty acid in the oil and in
the salt.

3.2. Microflotation

The flotation recovery obtained for phlogopite, biotite and apatite
in the microflotation tests as a function of collector concentration and
pH are presented in Figs. 4 and 5, respectively. Great selectivity was
observed with low POC concentration (2 mg.L-1) and could even be
enhanced at higher concentrations with no detrimental effects on the

Fig. 1. X-ray diffractogram of a) phlogopite, b) biotite and c) apatite. A: apatite, B: biotite and F: phlogopite (Cu λ κα = 1.54 Å).
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floatability of the micaceous minerals. While maximum apatite re-
covery was found to be approximately 98%, phlogopite and biotite
presented approximately 15 and 13% recovery at maximum, respec-
tively. The pH had a small effect on the selectivity window between
apatite and the mica minerals, which was maximum at pH 9 and de-
crease in neutral and more alkaline pH, especially at pH 11 as biotite
presented a 28% recovery.

As all the minerals presented negative zeta potential curves in the
pH range investigated, in which POC is expected to be dissociated and
negatively charged, the collector adsorption onto the surface of the
minerals is likely to be of chemical nature. The formation of insoluble
calcium carboxylate at the mineral-solution interface has been in-
dicated as the adsorption mechanism in the flotation of minerals con-
taining calcium, such as apatite (Vučinić et al., 2010). As the collector
pKa is approximately 4 (Joseph-Soly et al., 2015), the insoluble acid
moiety, either as insoluble oil or as colloidal precipitates, is the domi-
nant surfactant species at the system under acidic conditions, which is
known to be not as efficient at minerals recovery as carboxylate anions
(Joseph-Soly et al., 2015; Quast, 2016).

An increase in pH makes more ionized species available for

interacting with calcium ions at the mineral surface and in solution,
forming larger amounts of calcium carboxylates (and dicarboxylates)
and increasing the apatite recovery. At approximately pH 9, the pre-
sence of ionomolecular species and the co-adsorption of neutral acid
with oleate ions species help diminishing the repulsion between the
collector polar groups and strengthen the hydrophobicity of the mineral
surface (Ackerman et al., 1987; Jung et al., 1987; Vučinić et al., 2010).

At higher pH values, the formation of dimeric species can result in
an increased adsorption density although it can also lead to a reduced
hydrophobicity of the mineral as polar groups may be oriented towards
the solution (Cao et al., 2015; Vučinić et al., 2010). Under this condi-
tion, it is also likely that the competition between hydroxyl groups and
oleate ions at the mineral surface increases, resulting in carboxylate
ions as micelles in solution rather than metal carboxylates, which can
decrease mineral recovery (Da Silva and Waters, 2018; Joseph-Soly
et al., 2015; Quast, 2016, 2012).

The low recovery presented by the micaceous minerals may be due
to the low adsorption of POC at the Ca2+ and/or Mg2+ sites for which
the reagent is said to have affinity. In the structure of phlogopite and
biotite, the Mg atoms occur in the octahedral layers (McKeown et al.,
1999), inside the unity cell, what would make them not available for
interaction with the collector. The Ca2+ ions among other elements,
however, probably occur as an interlayer cation, coordinated to the
tetrahedral layers and substituting K+ (Klein and Dutrow, 2012). The
Ca2+ position in the cleavage surfaces may favor the adsorption of POC,
which might have resulted in the recovery observed for phlogopite.

3.3. Attenuated total reflectance Fourier transform infrared (ATR-FTIR)

The ATR-FTIR spectra of apatite, biotite and phlogopite are shown
in Figs. 6, 7 and 8, with emphasis to the 2000–400 cm−1 wavelength
range. The pure minerals typical bands are presented in curves 6a, 7a e
8a (Balan et al., 2011; Bassett, 1960; Berzina-Cimdina and
Borodajenko, 2012; Farmer et al., 1974; Fleet, 2009; van der Marel and
Beutelspacher, 1976; Zendah et al., 2012). In the 3100–2800 cm-1 re-
gion, typical peaks of hydrocarbon chain groups were observed at
nearly 2922 and 2853 cm−1 (CH2) and 2963 cm−1(CH3) (De Oliveira
et al., 2019; Kou et al., 2010; Lerma-García et al., 2010), indicating POC
adsorption at the surface of all minerals, with greater intensities in the
case of apatite in comparison with biotite and phlogopite. This is con-
sistent with the microflotation results.

The doublet at 1572 and 1536 cm−1 is characteristic of calcium
dicarboxylate, which adsorbs in multilayers or as precipitated salts
(Kou et al., 2010; Lu and Miller, 2002; Mielczarski et al., 1993), and is
the predominant species at the hydrophobic apatite surface (Fig. 7).

A calcium dicarboxylate doublet can be observed in the phlogopite
FTIR spectra (Fig. 8), indicating the adsorption of POC at interlayer
Ca2+ sites exposed during fracturing, which is possible since the che-
mical analyses showed approximately 2% Ca in the phlogopite sample.
As similar recoveries were obtained for biotite and carboxylates are not

Table 1
Chemical composition of the < 212 μm apatite, biotite and phlogopite samples.

Composition (%) Al2O3 CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SiO2 TiO2 ZrO2 F

Apatite 0.32 53.97 < 0.01 0.19 <0.01 0.16 0.05 <0.10 39.92 1.16 < 0.01 – 2.83
Biotite 11.75 0.13 < 0.01 43.59 7.76 0.49 0.35 <0.10 0.03 30.20 3.41 0.01 –
Phlogopite 13.60 2.14 < 0.01 6.65 10.10 21.74 0.08 0.39 0.59 36.40 2.48 0.03 –

Fig. 2. Zeta potential of apatite, biotite and phlogopite in 1 × 10−3 M KNO3.

Table 2
IEP values for apatite, biotite e phlogopite.

Mineral Current Work IEP Previous Work IEP Reference

Apatite 2 3 (Hu and Xu, 2003)
1–2 (Filippov et al., 2012)
< 2.5 (Merma et al., 2013)
2 (Filippova et al., 2014)
1–8.7 (Owens et al., 2019)

Biotite 3 < 4 (Stenstrom,1989) ́
2.6 (Rath and Subramanian, 1997)
< 2 (Filippov et al., 2012)
3 (Bray et al., 2014)

Phlogopite 2.1 2.1 (Wang and Heiskanen, 1992)

Table 3
Patauá oil fatty acids profile (%).

Fatty Acid C12:0 C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 Other

Oil Sample 0.7 0.5 12.4 0.9 4.5 73.0 7.1 0.4 0.3 –
AOCS(Firestone, 2013) – – 9.0 – 6.0 81.0 4.0 – – –
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noted in its FTIR spectra (Fig. 7), potassium ion substitutions might also
have taken place at interlayer sites leading to interactions of POC with
different cations, such as barium, which is commonly observed for
biotite (Deng et al., 2019; Klein and Dutrow, 2012).

In the apatite and phlogopite spectra, an increase in the intensity of
carboxylate peaks was also observed with an increase in pH. As dis-
cussed before, the more alkaline the medium, the more POC ionized

species are available to adsorb onto the mineral surfaces. The ionized
species, nevertheless, consist of monomeric and dimeric species, and
soap-acid complex (Vučinić et al., 2010), which are not possible to
differentiate using FTIR analyses, as they anchor similarly onto the
minerals surfaces and generate the same peaks. In the biotite spectra,
the absence of peaks in the carboxylate region may be a result of a low

Table 4
Chemical parameters of patauá oil.

Chemical parameter Direct method Indirect method Amazon Oil AOCS (Firestone, 2013)

Iodine Index (g I2.g−1) 78.4 ± 2.7 77.0 75–78 75–80
Saponification Index (mg KOH.g−1) 200.3 ± 2.8 193.3 192 – 209 190 – 196
Acidity Index (mg KOH.g−1) 28.3 ± 0.4 – < 20,0 –

Fig. 3. ATR-FTIR spectra of a) patauá oil (PO) and b) patauá collector (POC).

Fig. 4. Mineral recovery as a function of POC concentration at pH 9.

Fig. 5. Mineral recovery as a function of pH for systems with 8 mg.L-1 POC.

Fig. 6. ATR-FTIR spectra of apatite: a) pure, and conditioned with POC at pH b)
5, c) 7, d) 9 and e) 11.

Fig. 7. ATR-FTIR spectra of biotite: a) pure, and conditioned with POC at pH b)
5, c) 7, d) 9 and e) 11.

Fig. 8. ATR-FTIR spectra of phlogopite: a) pure, and conditioned with POC at
pH b) 5, c) 7, d) 9 and e) 11.
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adsorption density, as the microflotation results indicate POC adsorp-
tion should not be completely absent.

4. Conclusions

This study showed that a selective fatty acid salt collector for apatite
flotation can be synthesized from patauá palm tree oil, an abundant
vegetable oil source found in the Amazon region. The collector has
great potential for application in the flotation of phosphate ores with
significant micaceous mica content, whereas the use of patauá oil in the
reagents industry can generate economic growth in the Amazon region.
Bench flotation tests should be conducted with ore samples to further
investigate the collector performance.
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