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about 24.5% P20s.

1. Introduction

Phosphate is the main natural source of phosphorus [1], an element
that provides a quarter of all the nutrients plants need for growth and
development. The element phosphorus is one of the main constituents
of reagents for the manufacture of various fertilizers, detergents,
animal feeds, and other phosphorus-based chemicals such as pesticides
[2]. More than 75% of the world’s phosphate rock resources are
distributed in the form of sedimentary deposits [3]. In the midst of
these, most of these sediments have a cryptocrystalline structure, i.e.,
they are classified as medium to low grade phosphates, and they found
side by side with quartz, calcite and dolomite as the main phases of
silicate and carbonate gangues, consequently have a poor treatment.
To enrich these phosphate ores various techniques are used such as
calcination, fragmentation, granulometric separations, and others.
Among them, froth flotation is one of the most used processes for
the enrichment of sedimentary phosphate ore [4]. Sulphuric or
phosphoric acid was used as a pH regulator and depressant to remove
carbonate gangues from natural crude phosphate by an effective reverse
flotation protocol [5,6]. Therefore, the search for better collectors to
achieve perfect efficiency of phosphate flotation while respecting
the environment is an important research topic. For this purpose,
most of the vegetable oils studied in the previous research, are economical
and ecological collectors used in froth flotation. Sesame oil [7], palm
and canola oils [8], jojoba oil [9] and cottonseed oil [10] are some
of these vegetable oils, which are all used in the flotation process.
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The mid-low grade of phosphate ore, rich by the silicate and carbonate gangue minerals needs
a special treatment using the flotation process. Where the collectors play a pivotal role. This study
was conducted to enrich an untreated phosphate ore (without washing, desliming, hydrocycling, etc.),
with an eco-friendly and economic collector based on soybean oil. Different analytical techniques
such as UV-Visible, ATR-FTIR spectrometric and XRD were used in order to analyse and characterize
the flotation products. The effects of the parameters, pulp pH, conditioning time and flotation time on
gangue removal efficiency by flotation, were investigated. Flotation tests were applied for granulometric
class (90 um to 125 um). Consequently, a good quality phosphate concentrate was obtained in an acidic
medium (pH =4.05) with 1 g of soybean oil soap collector, 20 min flotation time, 10 min conditioning
time, 0.17 L-min! air superficial velocity, 800 rpm at 25°C and 6% solid content. The concentrate
contained 29.0% phosphorus pentoxide (P20s), with a recovery of 94.5% from a feed sample containing

Soybean oil has the particularity of being rich in linoleic acid and
oleic acid which they are unsaturated fatty acids. The saturated fatty
acids were found to be very poor collectors when using the standard
conditioning procedure, while the C16 to C22 unsaturated fatty acids
showed a fair to good phosphate collection capacity [11].

In the present work, attention was paid to a very economical-
ecological technique for this type of ore by flotation. It is based on
the flotation of gangue minerals by a natural collector without any
depression of the apatite and investigates the potential application
of soybean oil soap as an alternative collector. Many parameters
influence P20s flotation recovery rate and grade including pH,
conditioning, and flotation time. The results obtained were confirmed
by chemical and mineralogical analyses of the flotation products.

2. Materials and methods
2.1 Particle size distribution of sample

A representative sample of phosphate ore was collected from
Khouribga region, Morocco. This sample was subjected to particle
size distribution by the mechanical sieving method. The principle
of this method is to classify the different fractions of the sample
using a series of sieves. As shown in Figure 1, the variation in weight
yield as a function of the granulometric ranges obtained by sieving
is characterized by three classes. The main class represented by the
125 pm to 180 pm mesh size, equal to 31.5% by weight, showed higher
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Figure 1. Yield of crude phosphate as a function of particle size.

ownability compared to other size range. The weight yield of the second
series 224 um to 335 um, 180 um to 224 um, 90 um to 125 um,
>500 um and 335 pm to 500 pum is about 13.6%, 12.6%, 11.2%;
10.8% and 6.8% respectively; the third class represents the range of
fine particle 90 pm to 63, <45 um, and 63 pm to 45 um with yields
of 6.8%, 3.9%, and 2.8%, respectively.

2.2 Mineral composition as a function particle size

Table 1 groups the phosphorus pentoxide (% P20s) analyses and
the content of bone phosphate of lime (% BPL) of rock phosphate.
It was found that the P2Os percent was distributed almost uniformly
in the different particle size fractions, rather than being enriched in
particular fractions. Indeed, the P-Os grade increases with increasing
particle size until the fraction 125 pum to 180 um get a higher percentage.

2.3 Flotation reagents and oil saponification

Sodium hydroxide (NaOH, 0.1 N) and phosphoric acid (H3POa,
1 N) solutions were used as pH regulators. Collector based on crude
soybean oil; its saponification index equal to Is = 187.45 which is
determined experimentally by titration of excess sodium hydroxide
with standard hydrochloric acid. Soybean oil was saponified with a
standard aqueous solution of 0.5 N sodium hydroxide before being
used as a collector for the flotation experiments of this study. The
saponification method used consists hydrolysis of ester in basic
medium, which causes the oil to transform into soap (carboxylate salt).
The amount of sodium hydroxide and water was calculated according
to procedure described by Abouel-enein et al. [7]. To make 100 g
of soybean oil soap, a mass of 13.5 g of sodium hydroxide (NaOH)
was dissolved in 40 mL of water and ethanol, whose alcohol present
25%, for making the two phases miscible, then mixed all these reagents
under reflux heating for 40 min. Table 2 represents the different
fatty acids, their chemical structure and composition that constitute
soybean oil adopted by Clemente et al. [12]. It is composed of five
fatty acids: stearic acid (18:0), linoleic acid (18:2) oleic acid (18:1),
linolenic acid (18:3) and palmitic acid (16:0). The percentage of
these fatty acids in soybean oil is 4%, 55%, 18%, 13%, and 10%
respectively. With the exception of soybean oil, the reagents used
were of high analytical quality.
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Table 1. P,Os and BPL composition as a function particle size.

Particle size fraction BPL P,Os
(pm) (%) (%)
<45 38.3 175
45-63 40.5 18.5
63-90 46.8 21.4
90-125 52.3 23.9
125-180 64.4 29.5
180-224 59.7 217.3

Table 2. Chemical composition of saturated and unsaturated fatty acids from
soybean oil.

Fatty acid Structure Composition
(%)

Stearic CH3(—CH>)15-COOH 4.0

Palmitic CHj3(-CH>)1.—COOH 10.0

Linolenic  CH3(—CH,~CH=CH);3(-CH),—COOH 13.0

Oleic CH3(—CH2)7—CH=CH(-CH);—COOH 18.0

Linoleic CH3(—CH2)3(~CH2-CH=CH),(—CH);-COOH 55.0

2.4 Flotation experiments

Before starting the flotation tests, the raw phosphate samples
were crushed and passed through a 90 pm to125 pm mesh sieve.
The flotation experiments of the naturel phosphate were performed
in a cylindrical cell with a capacity of 100 mL where the pulp density
was set at 6% (% solid). The phosphate minerals were conditioned
to a desired pH value of 4.0, 5.5, 7.0, 8.6, and 10.0 under constant
agitation at 800 rpm for 5 min, 10 min, and 20 min. Finally, the
flotation tests were carried out using air at a flow rate of 0.17 L min!
for various times 10 min, 20 min, 30 min, and 40 min. Both flotation
resulting party (concentrate and tailings) were collected then filtered,
dried, and weighed.

The grade (% P20s) and recovery rate (% Re) of the valuable
minerals have been calculated by the Equations (1) and (2), respectively:

9% BPL
%P,0; = 2.185 @

% yield* % P,0;( concentrate) (2)
% P05 (brut)

% Re =

2.5 Characterization techniques

Powder X-ray diffraction (XRD) measurements were recorded on
a D2 PHASER diffractometer using CuK, (A=1.5406 A) radiation.
The patterns were recorded with a step of 0.02° using a counting time
0.5 s per step over the 26 range from 10 to 80° at room temperature.

Diffuse reflectance infrared spectra for the synthesized solids
were recorded from 4000 cm to 400 cm™ on a Perkin Elmer
(FTIR-2000) spectrometer. Samples were prepared by mixing 1 mg
of powdered solid with 100 mg of KBr. The oil spectrum was recorded
after installation of a single reflection attenuated total reflectance-
infrared spectroscopy (ATR) accessory. A TOMOS V-1100 UV-Vis
spectrophotometer was used to determine the BPL content from its
UV-Vis absorbance characteristic with the calibration curve method
at the maximum absorption wavelength at 430 nm.



Study of the effect of pH, conditioning and flotation time on the flotation efficiency of phosphate ores by a soybean oil collector 103

3. Results and discussions

3.1 Attenuated total reflectance-Infrared spectroscopy of
soybean oil

Figure 2 shows the ATR-FTIR spectrum of soybean oil, various
bands can be identified in this spectrum including the strong absorption
band at 1742 cm™ corresponds to the ester carbonyl (C=0) stretching
mode. The absorption bands located at 2853 cm™* and 2922 cm™ are
due to the symmetric and asymmetric stretching vibrations of -C-H
(CH2) and those located at 2947 cm* and 3008 cm™ are due to the
asymmetric stretching vibrations of -C-H (CHs) and =C-H, respectively
[13,14]. Others bands were observed at 1456 cm™ and 1375 cm™ that
were attributed to the CHz and CHs scissoring vibrations respectively,
as well as medium C-O stretching bands at 1154 cm™ and 1098 cm'™.
According to authors [14], a weak peak observed at 1652 cm™ is
attributed to C=C stretching vibration. The spectrum presents also
a medium band at 722 cm! that is produced by the long-chain
methylene rocking vibrations, where all of the methylene groups
rock in phase, which is a characteristic of the long carbon skeleton
fatty acids —(CHz2)n— [15].

3.2 Infrared spectroscopy of crude phosphate

Figure 2 shows the infrared absorption spectrum of crude natural
phosphate. The strong band observed around 1047 cm is attributed
to vs asymmetric stretching vibration of PO3" phosphate anions,
which broadened by shoulder band at 1084 cm-! can be assigned
also to vs PO3” groups [16]. The bands observed at 602 cm® can be
assigned to out-of-plane bending vibration v4 of phosphate group
(PO3") [17,18]. The band located at 473 cm is attributed to the
symmetrical strain mode vz (PO3") [19]. The spectrum exhibits a less
band at 970 cm?, it is attributed to symmetric stretching vibration
v1 of phosphate PO3™ [19]. The doublet located around 1432 cm'!
and 1457 cm, is associated to v3 (CO3"), while the absorption band
observed at 864 cm™ is assigned to the v2 bending vibrations of
the carbonate group (CO?%") [20,21], consistent with the carbonate
fluorapatite spectra previously reported by Fleet [22] and Wang et al.
[23]. It corresponds to the out-of-plane oscillating movement of C
atoms. The wavenumbers of carbonate vibrations illustrated in
Figure 2 show the characteristic bands of type B carbonate-fluorapatite
(CO? substitute PO3 ions). Both vibration bands observed at 1616 cm't
and 1637 cm* were attributed to the bending vibration of the hydroxyl
(OH") of H-O—H [21,24-26]. The series of vibrations were observed
in the 3200 cm™* to 3550 cm? region could be assigned to OH group
asymmetric and symmetric stretching vibrations. The bands observed
in the range 2000 cm* to 2100 cm* are due to overtone of PO4 groups
bands observed in 1040 cm™ to 1100 cm region.

3.3 Experiments of phosphate flotation

3.3.1 Effect of flotation time

The flotation time is one of among important factors affecting
the enrichment of the phosphate ore by the flotation process. Table 3

and Figure 3 and Figure 4 show the experimental results that were
achieved at four different times of the flotation while keeping the
rest of the factors constant. As observed from Table 3, the flotation
time increases by 10 min for each experiment, this increase represents
a remarkable effect on the P.Os grade of the concentrate (sinking) and
also a decrease in the float. This shows that there is reverse flotation,
therefore the adsorption of the soybean oil soap collector (SOC) on
the gangue particles was verified for all experiments carried out.

Soybean oil
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Figure 2. ATR-FTIR spectra of crude soybean oil and crude phosphate.
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Figure 3. Variation of the % P,Os of the floating and sinking as a function
of flotation time (tsior).
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Figure 4. Variation of the recovery rate of the floating and sinking as a function
of flotation time (tsor).
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Table 3. Variation of P,Os content and recovery (Re) as a function of flotation time (tsor).

tiotation (min) 10 20 30 40
Samples Float Sink Float Sink Float Sink Float Sink
Yield (%) 3.7 89.0 2.8 88.4 8.3 80.8 11.7 91.8
% BPL 34.0 55.7 23.0 55.5 325 57.1 35.9 56.6
% P,0s 15.6 255 10.5 254 14.9 26.1 16.4 25.9
% Re 2.3 91.8 1.2 935 5.0 85.3 7.9 97.9
Separation efficiency (E)* - 2.8 - 5.1 - 4.5 - 6.1

*(E= Recovery (%) — Yield (%))

According to the above experimental study, the P20s contents
of the phosphate concentrate which are obtained in 10 min, 20 min,
30 min, and 40 min of flotation are respectively 25.5%, 25.4%, 26.1%,
and 25.9%. Even if the 30 min time give a higher P20s grade (26.1%)
compared to the other flotation times, on the other hand, it gave a low
separation efficiency (4.5%). Consequently, the time of 20 min represent
an optimal value because it gives a higher separation efficiency (5.1%)
and recovery rate % Re = 93.5% with 25.4% for P.Os content. From
observation during experiments which showed that this time was
sufficient to give a sufficient quantity of concentrate while 40 min
was a long flotation time and the foam would be reduced before the
end of this period.

Indeed, the flotation time of a separate particle demands mainly
elementary steps as collision, attachment, and remaining on the air
bubble until the slurry surface [27]. Thus, the flotation kinetics can be
can written in terms of the probability between the ore particles and
bubble flotation [27], this probability is given by Equation (3):

x P X Pay

®)

B flotation 1L collision attachment
where Pcoliision i collision probability of a particle with an air bubble
that depends on particle size, air bubble volume and solid content,
while it is not affected by conditioning. Pattachment is the probability
of adhesion of the particle to the air bubble after collision, which
essentially depends upon the surface physicochemical properties of the
mineral, the capacity of collector absorption on the particle surface,
and the time required for the hydrophobic particle to be suspended
from the air bubble. Pstay is the probability of the particle remaining
attached to the bubble along the flotation steps. Over the collision,
the contact time greatly influences the production of the attachment.
This time is requisite for the disjoining layer of water between
particle and air bubble to thin, be disrupted and finally removed.
This period is called the induction time. So, the probability of bubble
particle attachment increases when the induction time decreases
[28]. According to Henwood [28], the flotation time depends on
Peoltision and Parachment Which themselves depend precisely on the rate of
solid and the criticisms of the solution. Consequently, the rate of
solids greatly influences the float time. In this study, a very low
rate of solids (6%) was applicated for all tests, this is why, the optimal
flotation time was extremely long (30 min).

3.3.2 Effect of conditioning time
The results of reverse flotation for the particle size class studied

as well as the yields of weight recovery of phosphate at different
conditioning times are presented in Table 4. It also represents the
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% P20s content and recovery for the flotation products (floating
and sinking). As shown in this table, the optimal conditioning time
value is 10 min. Figure 5 and Figure 6 showed a remarkable increase
in % P20s (26.1%) with a recovery rate 87.0% by increasing the
conditioning time to reach the maximum grade (%) at 10 min. Beyond
this time, there is a decrease in % P20s and also the recovery rate % Re.
Indeed, this difference can be explained by the increase in the
consumption of flotation reagents.

During the conditioning, Henwood, (1994) [28] showed that the
adsorption of collector onto the mineral surface is done in two micro-
processes. In the first step, the collector molecules diffuse out of the
bulk phase, through the confined liquid film around the mineral
particle to the surface of this particle. If Ar was considered as a distance
travelled by the collector and Ac is the difference in concentration
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Figure 5. Variation of the % P,Os of the float and sink as a function of
conditioning time (tcond)-
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Figure 6. Variation of the sinking and floating recovery rate as a function
of conditioning time (tcong)-
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of the collector between the surface and the bulk liquid, then the rate
of diffusion of the collector to the mineral surface can be increased
in two ways, either by increasing the concentration of collector in
the liquid or by reducing distance (for example, by increased turbulence
in the flotation cell). The second step concerns affinity of water,
which is determined by the energy required by the collector to shift
the water at the mineral surface [28], this is affected by polarity at
particles-molecules interface and the strength of bonds. This factor
is largely determined by pH of media, surface chemistry and temperature.
For that the conditioning time must be sufficient in order to have
a good separation efficiency (Table 4). In this work, we can explain
the long conditioning time by the low solid content which is 6%, thus
a long path from collector to particle (Ar). Therefore, it is necessary
to add additional time to diffuse and adsorb the collector to the surface
of the mineral particles.

3.3.3 Effect of pH

The pH factor plays an essential role in the flotation of phosphates;
it allows the separation of undesirable minerals from desirable ones
in direct or reverse flotation. Indeed, the pH of the solution determines
the degree of ionization and hydrolysis of the collector used; this
solution character favors or prevents the adsorption of the collector
at the different ionized solid/liquid interfaces, which leads to a greater
or lesser selectivity of the flotation [29].

Various experiments were studied by varying the pH values from
4.05 t0 10.05 as shown in Table 5. While the other flotation conditions
were fixed at 125 um to 90 um particle size, 1 g of soybean oil soap
collector, 20 min flotation time, 10 min conditioning time, 0.17 L- min‘
air superficial velocity and 800 rpm at about 25°C. Table 5 and
Figure 7 and Figure 8 demonstrate the effect of pH of the pulp in
the presence of soybean oil soap collector and using phosphoric acid
as pH regulator. It can be seen that the separation of flotation efficiency
increased with decreasing pH values from pH 5. It is observed that
the using of soybean oil soap as a collector showed a better result
working and high recovery 94.5% in pH 4.05 where it gives a high
closer value of grade 29.0%.

Usually, fatty acid collectors and their soaps are used for phosphate

ores flotation which contain a silicates percentage around 20% to
25% in the feed because at a basic pH they have a negatively charged
carboxylate group which can act as a repellent to the silicate minerals,
and again in an acidic pH fatty acid can float carbonates instead of
phosphate [30]. In that case, soybean oil collector would adsorb
selectively to carbonate particles rather than to phosphate particles.
The depression of apatite is done at pH of the pulp below 4.5 during
an apatite anionic flotation without the addition of any other phosphate
depressant [31].

During a froth flotation, Prasad et al. [32] showed that the oleic
acid, which is anionic collector, acts as a depressant for apatite and
afloater for calcium carbonates. The explanation of these phenomena
will be as follows: firstly, when the phosphoric acid used as pH regulator,
the action of the acid on the apatite gives rise to the following reactions
that producing soluble calcium-phosphate compound forms, CaHPOs,
on the surface of apatite mineral [33], which prevents the collector ions
from attaching to the surface of the apatite mineral. As shown in the
Equations (4) and (5):

Cas(PO,);(OH)(s)+ 2 PO> + 6 H' < 5 CaHPO,(s)+ H,0 (4)
CaHPO,(s) < CaHPO, (aq) (5)

Secondly, the attack of CaCOs by phosphoric acid releases Ca?*
ions on the surface of the calcite as shown by the following reaction
(Equation (6)):

2H'+CaCO; & Cd*' + H,CO; (6)

Then, the formation of the highly insoluble Cas(POa)2 by
a reaction of PO3” and Ca’" ions according to the Equation (7):

3Ca™ + 2P0} & Cay(PO,), (5) @

Finally, the surface of the calcite becomes a more stable phase
leading to the formation of Ca-oleate on the surface after adding an
oleate-based collector. On the other hand, the surface of apatite contains
a more soluble phase (CaHPO4 (aq)) than that of calcite, which can
reduce the adsorption of oleic acid that is one of main oil soybean
constituent [34].

Table 4. Variation of P,Os content and recovery (Re) as a function of conditioning time (tcona)-

T conditioning (MiN) 5 10 20

Samples Float Sink Float Sink Float Sink

Yield (%) 2.8 88.4 6.2 824 43 83.8

% BPL 23.0 55.5 294 57.1 305 54.3

% P,0s 10.5 254 134 26.1 139 24.8

% Re 1.2 924 3.4 87.0 24 84.1
Separation efficiency (E)* - 4.0 - 4.6 - 0.3

* (E= Recovery (%) — Yield (%))

Table 5. Variation of P,Os content and recovery rate (Re) as a function of pH value.

pH 4.05 5.50 7.01 8.60 10.05
Samples Float Sink Float Sink Float Sink Float Sink Float Sink
Yield (%) 8.6 84.5 4.2 83.0 4.2 86.9 6.2 82.4 3.0 83.2
% BPL 214 63.3 19.1 60.5 215 59.3 294 57.1 26.0 56.9
% P,0s 9.8 29.0 8.7 27.7 9.8 27.2 134 26.1 11.9 26.0
% Re 33 94.5 14 88.6 1.6 91.3 34 87.0 1.4 83.5
Separation efficiency (E)* - 10.1 - 5.6 - 4.4 - 4.6 - 0.3

*(E= Recovery (%) — Yield (%))

J. Met. Mater. Miner. 32(1). 2022
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Figure 7. Variation of the % P,0s of the sinking and floating as a function
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Figure 8. Variation of the recovery rate of the sinking and floating as a
function of the pH.

4. Analysis of the flotation products
4.1 FTIR spectrometry analysis

Figure 9 shows a FTIR spectra of the floating, sinking and crude
sample in order to apprehend the evolution of the mineral phases
depressed and floated related to the optimal parameters (pH = 4.05;
conditioning time: 10 min; flotation time: 20 min). It can be seen that
these spectra clearly show the most bands allocated to the phosphatic
elements observed previously and carbonated apatite. As shown in
Figure 9, the appearance and disappearance of bands on the infrared
spectra of the flotation products is observed. To analyse the presence
of carbonate in the flotation products, a focus on the 650 cm™ to
900 cm! region shown in Figure 9 indicates the appearance of a new
band at 876 cm just in the float which corresponds to calcite and
dolomite carbonates with the presence of bands at 727 cm?and 711 cm?
corresponding to dolomite and calcite carbonates respectively. Also,
the band at 864 cm™ of apatite carbonates is much more intense in
the sinking then in floating [35], which this carbonate type is part
of the phosphate bulk. This qualitative FTIR study confirmed the
results obtained of the grade and recovery rate of P2Os during the
phosphate ores flotation, as well as the SOC collector is selective
for the carbonate gangue and therefore the flotation was reverse.

J. Met. Mater. Miner. 32(1). 2022
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Figure 9. FTIR spectra of the flotation products obtained with the studied
optimal parameters.

El Feki et al. [36] have described the low intensity carbonates bands
around 870 cm and around 716 cm to 718 cm and the reasons of
the splitting into two bands for carbonates in apatite: this is bounded
to different surrounding of carbonates ions in apatite lattice. A similar
phenomenon was observed between calcite (calcium surrounding)
and dolomite (calcium/magnesium surrounding). They thus described
in apatite two types of carbonates sites: anionic monovalent site that
named the A type and phosphate trivalent site that named the B type.
Rey et al. [37] are also using these bands to study teeth enamel
evolution during growing.

According to the sinking spectrum in Figure 9, the complete
disappearance of the characteristic bands of water located at 1616 cm
and 1637 cm™* was observed which remain in the spectrum of the
floating. This can be bounded to the constitution water in different
mineralogical forms of the gangue as CaCO3.xH20, SiO2.xH20,
CaS0a4.xH20 passed to the floating during the flotation process.
In most cases, the intensity of the characteristic peaks of phosphatic
groups is clearly more remarkable in the flowing than in the
floating. Two low peaks observed about 2922 cm™ to and 2853 cm!
corresponding to the symmetric and asymmetric -C-H (CHy) stretching
vibrations of collector adsorbed on the mineral particles.

4.2 X-ray diffraction analysis

X-ray diffraction and mineralogical analysis showed that raw
phosphate was present as carbonate-fluorapatite which is also called
francolite [38,39]. While the main gangue minerals, in decreasing
order, were carbonates (dolomite and calcite) and free quartz as
illustrated in Figure 10. Figure 11 shows the X-ray diffractograms
of the floating, sinking and crude ore samples in order to understand
the evolution of the depressed and floated mineral phases after all
flotation steps with optimum parameters (pH = 4.05; conditioning
time: 10 min; flotation time: 20 min). From a concrete analysis of
this diffractograms, there are changes between the floating and the
sinking at the characteristic peaks of dolomite, calcite and quartz.
for the sinking diffractogram, there is a notable decrease at the level
of the two characteristic peaks of the calcite as indicated in Figure 11
by the two following signs (*, °). There is still a perfect elimination
of dolomite that is represented by a peak signed by (¢). Thus, let's not



Study of the effect of pH, conditioning and flotation time on the flotation efficiency of phosphate ores by a soybean oil collector 107

forget a remarkable change at the level of the peak signed by (e)
which represents the quartz phase. In contrary, for the floating
diffractogram, all the peaks mentioned above led to a remarkable
increase especially the characteristic peak of calcite. Consequently,
all these outcomes confirm the results found by the analysis of the
FTIR.

5. Flowchart of natural froth flotation results.

As stated by the optimum conditions of the natural flotation
processes, a schematic diagram of the beneficiation was made for
the removal of gangue with a froth flotation. The flowchart and optimal
parameters of the flotation were represented in Figure 12.

b F: Francolite

C: Calcite
D: Dolomite

Q: Quartz

Intensity (a.u.)

F F
i c, FC Fo FDpF
‘

P VM A SNANASN e
L B e A
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20 (%)

Figure 10. XRD diffractogram of raw phosphate sample.

——Raw ore
——Floating
‘ —Sinking

Intensity (a.u.)

26 ()

Figure 11. XRD diffractogram of phosphate flotation product (sinking and
floating).

Untreated crude phosphate

|

Wet size analysis and distribution of phosphate ore

|

Phosphate sample 90 um to 125 um; 24.5% P20s

* 10 min conditioning time

*0.17 L-min*t in the flow

* H3PO4 regulator of pH 4
* 1 g soybean oil soap collector

Flotation at 800 rpm

4/\>

Sink product phosphate (28.95% P20s) Float product gangue (9.8% P20s)
and % Re = 94.53 and % Re = 3.27

Figure 12. Flowchart of natural phosphate flotation process.

6. Conclusion

According to the experimental results found in this work, the
following conclusions can be drawn: the direct bioflotation tests using
saponified soybean oil indicate that this oil can be used satisfactorily
as a collector flotation for apatite. Soybean oil showed better results
working in pH 4 in the presence of a regulator of pH as H3POa.
Based on the above optimal conditions, a phosphate concentrate
was obtained 29.0% P20s with a recovery of 94.5%, demonstrating
the efficiency of the method. The analysis of flotation products by
FTIR, XRD and UV-VIS techniques confirmed that the gangue
minerals were separated from the phosphate ores by reverse flotation.
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