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Abstract

The main source of phosphate in Brazil are igneous rocks, which need to be concentrated through froth flotation to
separate phosphate ore from the other minerals. Searching for new sources of reactants to be used in mineral processing,
spent yeast cells (SYC), from a local brewery was tested. Saccharomyces cerevisiae was choose because its relative easy
industrial grow, has no biological risk and can be found worldwide. Microflotation experiments were conducted in a modified
Hallimond’s tube with high purity apatite mineral samples at pH 10 in order to investigate the influence of the collector
dosage in the mineral recovery. The results showed that despite SYC has had lower recovery than collectors industrially
adopted, it has a potential future use in mineral flotation as a cheap, biodegradable, eco-friendly, and sustainable reagent
with no acquisition cost since the brewery complex is located less than 30 km from Catalao and Ouvidor mine sites in Brazil.
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BIOFLOTACAO DE APATITA UTILIZANDO LEVEDURA CERVEJEIRA
(SACCHAROMYCES CEREVISIAE) SAPONIFICADA COMO COLETOR

Resumo

A principal fonte de fosfato no Brasil é a rocha ignea, que precisa ser concentrada através da flotagao no intuito
de separar o minério de fosfato dos outros minerais. A procura de novas fontes de reagentes a serem utilizadas no
processamento de minerais, as células de levedura de cerveja gastas (SYC) provenientes de uma cervejaria local foram
testadas. A espécie Saccharomyces cerevisiae foi escolhida devido ao seu facil crescimento industrial, ndo possuir risco
biolégico e poder ser encontrada em todo o mundo. Experimentos de microflotacao foram conduzidos em um tubo de
Hallimond modificado em pH 10 com amostras de apatita de alta pureza a fim de investigar a influéncia da concentracao
do coletor na recuperacao do mineral. Os resultados mostraram que apesar das SYC terem uma recuperagao menor do
que coletores adotados industrialmente, estas possuem potencial para uso futuro na flotacao mineral, se apresentando
como um reagente barato, biodegradavel, ecolégico e sustentavel, sem custo de aquisicao, uma vez que o complexo da
cervejaria fica a menos de 30 km das minas nas cidades de Catalao e Ouvidor, Brasil.

Palavras-chave: Bioflotacao; Levedura de cerveja gasta; Reagente de flotagao.

| INTRODUCTION

The Brazil’s economy is strongly based on agricultural ~ producer and exporter [2]. However, most of Brazilian soils
commodities [I]. Its arable territory and tropical climate  present low fertility and fit the nutritional requirements
put us as one of the world’s largest producer of vegetables  of the plants need chemical fertilizers must be used [3,4].
and meat, setting us among the world six largest agricultural ~ This places Brazil both as one of the biggest exporters of
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agricultural products and as one the biggest importer of
fertilizers [5].

The three essential elements of plant nutrition
are Phosphorus, Nitrogen and Potassium. The first one
is absorbed mainly in the form of phosphate ions and
may present problems of fixation in the soil, becoming
unavailable to the plants. It is an essential component
in the energetic metabolism of cells, participates in the
formation of RNA and DNA, and others biomolecules [6].
The Brazilian main source of phosphorous is phosphate
rock, which requires mineral processing to reduce the
content of accessory minerals including quartz, chert, clay,
feldspar, mica, calcite, and dolomite [7]. The principal
separation method mineral processing for separation and
concentration of phosphates is the froth flotation [8] and
fatty acids soaps derived from different vegetable species
are utilized as collectors [9].

According to Behera and Mulaba-Bafubiandi [10],
conventional chemical reagents used on flotation process
such as petroleum derivate, xanthates, cyanides, amines
etc., are toxic, non-degradable and exorbitant in nature.
The use of alternative reagents has become a new trend
in mineral processing in the last years, receiving attention
from industries and government alike. These reagents can
improve froth flotation recovery and be more eco-friendly.
The use of other industries sub products has the potential
to solve environmental problems, such as discharge of
organic matter in rivers and soils, and can be profitable by
aggregating economic value to industrial residues.

Spent yeast cells are a sub product from alcohol
beverage industries, such as beer and wine. The alcoholic
fermentation process is accompanied by yeast cells growth
and in some cases is possible to reuse the yeast cells from
previous fermentation on the next fermentation process.
However, at some point, the generated biomass exceeds
the inoculum rate and the yeast cells become a residue.
SYC are used nowadays as animal feed supplement, but
with a low aggregate value, mainly because the yeast
biomass production exceeds the demand [| I]. The yeast
cell main composition is lipids, proteins and two types of
polysaccharides, a mannan and a glucan [12]. The lipids
react with sodium hydroxide forming soluble lipids [I13],
named as alkaline saponification.

According to Dwyer et al. [14], the microorganisms
already identified for their potential application in microbial
induced flotation and flocculation of mineral samples are
considerably diverse and include hydrophobic and surfactant
producing species of bacteria, fungi and some species of
yeast. Microorganisms such as these interact with minerals to
effect surface changes by three different mechanisms: first,
via attachment of the cell to the mineral surface; second,
microorganisms may catalyse oxidation or reduction reactions
that modify the mineral for the generation of energy for
growth; or third, extracellular proteins and polysaccharides
produced by the microorganism may interact with the

mineral surface. According to Rao and Subramanian [15],
the microorganisms adhere to mineral surfaces for various
reasons and the feasibility of adherence of a microorganism
to a mineral surface will depend on the charge characteristics
as well as the hydrophobicity of both the mineral surface
and the microorganism.

The purpose of this work was a preliminary demonstration
of the potential use of SYC after saponification as collector
in apatite froth flotation, replacing the commonly used
fatty acids. This approach seems to be the first related in
the specialized literature, opening a new way possible use
yeast cells from brewery.

2 MATERIALS AND METHODOLOGY
2.1 Spent Yeast Cells (Saccharomyces cerevisiae)

Cervejaria Catalao, a brewing industry located in
the city of Catalao, Goias, Brazil, provided SYC. Brewer’s
wort samples containing Saccharomyces cerevisiae cells
were collected from the bottom of the conical fermenter
and packed in 18 L polypropylene buckets. The samples
was centrifuged at 3400 rpm at room temperature for
|0 minutes in order to obtain a mass of cells separated
from the wort. The obtained pellets were suspended
in distilled water. The centrifugation loop was repeated
three times, under the same conditions described.
The final pellet was dried in an oven at 70 °C for 48 hours.
The obtained mass was disaggregated using a stainless
steel mortar and pestle.

2.2 Mineral Characterization

Apatite samples were comminuted in a jaw crusher
followed by a ball mill, and granulometric separated through
wet sieving using a Tyler sieving series during 15 minutes.
The samples were then dried in an oven at 60 °C during
24 hours. A ferrite magnet with field of 2 kG was used to
remove and possible contamination from the previous stages.
The mineralogical phase characterization was performed
at UNIFESSPA using an X-ray Diffractometer Empyrean
from PANalytical with graphite monochromator, operating
at 30 kV/15 mA, angular step of 0.02° and acquisition
time of 2 seconds. The sample chemical composition was
determined at Copebras S/A laboratory using an X-ray
Fluorescence spectrometer AXIOX MAX series DY 5001
from PANalytical. Samples images were acquired with a SEM
JSM-6610 from Jeol coupled with EDS probe from Thermo
Scientific NSS Spectral Imaging at Labmic /UFG. The particle
size was performed wet with addition of Na, P20, (I g/L)
as dispersant agent and tap water at IFAC/TUC using a
HELOS laser diffraction particle size analyser from Sympatec.
The apatite zeta potential was measured at LPI/EM/UFOP
from pH 3.5 to 12.5 with distillate water and having KCl at
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103 mol/L as indifferent electrolyte using a ZS90 Zetasizer
Nano from Malvern.

2.3 SYC Saponification

The saponification was performed according to the
described by Pacheco et al. [16] for fatty acids saponification,
with minor modifications. A solution of 5.0 g of SYC and
30 mL of distilled water (pH 7) was added to a 250 mL
glass becker under magnetic stirring. In order to facilitate
the solubilization and the reaction between NaOH solution
(10% w/v) and SYC the temperature during the gelatinization
was kept at 40°C. The initial pH of the solution dropped
since the SYC tends to turn the medium acid. After the
pH stabilization, a titration with 1.0 mL of NaOH solution
(10%) was started until a total of 30 mL of NaOH solution
was added. Every addition of NaOH was followed by a
brief pause (between two and five minutes) to allow the
solution pH stabilization. Distilled water was added to the
solution to reach 100 mL in order to obtain a final solution
with dosage of 50 g/L of saponified YSC.

2.4 Microflotation Tests

Microflotation tests were performed on a modified
Hallimond tube (addition of an extender between the
bottom and upperparts of the tube in order to reduce
the effects of hydraulic entrainment) with 320 mL of
internal volume, at room temperature (around 25 °C).
To minimize the hydraulic entrainment air flow was kept
at 40 cm®/min, pressure at |0 psi, apatite sample at the
size range of +106-150 um (+150-100 #), as suggested
by Guimaraes et al. [17]. The apatite mass used in each test
was 1.0 g. Twelve different dosages (from 100 to 800 mg/L)
of SYC were tested. The conditioning time was |0 minutes
and the flotation time 2 minutes. Distillate water was used
throughout the experiments. All tests were performed in
triplicate. Previous results showed that high apatite recovery
in microflotation tests using saponified vegetable oils were
obtained at pH 10 [8,18,19]. The flotation pH was adjusted
to 10 with hydrochloric acid and sodium hydroxide, both
at 1%.

3 RESULTS AND DISCUSSION

Table | shows the results of X-ray fluorescence of
apatite sample. The follow oxides were analysed but not
found in the apatite sample: Co,O,, Ta,O,, Cr,0O,, CuO,

3 2>y
HfO,, MgO, Nb,O,, TiO,, WO,, Y,0,, Yb,0,, ZnO, and

273
ZrO,. Since pure apatite contains amounts CaO and P,O,

Table 1. XRF results in percentage for apatite sample

of 55.07 and 41.82%, respectively, is possible to estimate
that the apatite sample has 95.5% of purity, regarding its
chemical composition.

Figure | shows scanning electron microscope images
from apatite samples using backscattered and secondary
electron imaging. It is possible to notice the association of
apatite with an acicular mineral phase. Energy-dispersive
X-ray spectroscopy (EDS) results are show for two points,
one on the acicular phase (Figure |c) and the other on the
apatite phase (Figure ld). Figure If shows that the main
mineral phase is composed by Ca, P and O, as expected for
apatite (Ca,(PO,),). Since Cl and F was also observed this
could be an indication of the existence of fluorapatite and
chlorine apatite in the sample (Ca,(PO,),(FCI)). The existence
of the phase Fluorine-Chlorine-Apatite does not affect its
flotation in anyway. The acicular phase (le) could not be
correct identified based only on this result.

Figure 2 shows the X-ray diffraction results for the
apatite sample. Since the objective of the XRD was to confirm
the mineral phases present in the sample, a simple search
in the Bragg peaks allowed the confirmation of the apatite
phase. Nevertheless, a refinement step of the results was
performed to check the sample composition. The found
results did not indicate the presence of other mineral phase
in the sample.

Regarding the Zeta potential measurements (Figure 3),
the apatite zero charge point was not detected in the tested
pH range (3.5 to 12.5) and superficial charge was negative.
According to Oliveira [20] apatite has negative superficial
charge at alkaline pH and the adsorption of anionic collectors
on its surface is due chemisorption.

Figure 4 presents the granulometric analyse of the
apatite sample using HELOS analyser. Even though the
samples had being wet sieved (+ 106-150 um), it is possible
to notice the presence of particles bellow 103 um (68.3%)
and above |75 um (20%). This fact can be explained by the
imperfection of the sieving process.

Figure 5 shows the apatite recovery as a collector
dosage in the microflotation tests at pH 10. The higher
recovery (approximately 40%) was obtained with 600 mg/L.
Silva et al. [8] performed apatite microflotation tests using
saponified oil from Jatropha curcas L. and the industrially
adopted collector Flotigam 5806 from Clariant®. An average
apatite recovery around 90% was obtained for both reagents
at pH 10 and collector dosage of 7.5 mg/L. The discrepancy
in the dosages employed (7.5 to 600 mg/L) can be explained
due the fact that no separation of the SYC cellular constituents
was performed, besides the membrane lipids.

By doing this, the preparation cost of the SYC was
very low, but proteins, carbohydrates, and genetic material

ca0O PO, KO siO so I

2 3

Na,0 ThO, FeO, MnO BaO  SrO

54.02 38.49 4.20 I.10 0.63 0.39

0.27 0.18 0.1 0.11 0.10 0.06
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Figure |. SEM images for apatite samples (a) BEC and (b) SEl image at x190 and (c) BEC and (d) SEl image at x750 magnification. EDS results

for points | (e) and 2 (f) marked on figure 2c.

(DNA and RNA) were also present. Therefore, the SYC
mass that has been effectively saponified may be less than
5% of the total saponified mass.

Padukone and Natarajan [21], worked with
Saccharomyces cerevisiae yeast and their metabolites as
collectors in order to selective separate calcite from
quartz through flotation. The authors adapted the cells to
a specific mineral (calcite or quartz), proceeding with the
growth of subcultures in growth medium with a gradually
increase of the mineral concentration. The presence of the

mineral and the growth medium shifted some superficial
physicochemical properties of cells, such as hydrophobicity.
The cells adaption to a specific mineral demand an apparatus
to produce biomass for the mineral industries, adding cost
for the process. Despite this procedure be more specific
for some mineral, the methodology adopted in this work
is cheaper and less time consuming once the cells had been
already produced outside the mine company.

Merma et al. [22] working with Rhodococcus opacus
bacteria obtained apatite recovery of 90% at pH around 5, in
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Figure 2. Apatite sample X-ray diffraction.
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Figure 3. Apatite sample Zeta potential.

the presence of |50 mg/L of bacteria after 5 min of flotation.
On the other hand, quartz achieved a recovery of 14%
under identical experimental conditions. The fundamental
flotation studies performed by the authors revealed the
prospect that R. opacus presents as a biocollector and
biofrother and indicate its promising application in phosphate
flotation industry.

4 CONCLUSIONS

Microflotation tests with apatite samples with 95%
of purity were performed using saponified SYC as collector.
No reference to such use had been found on the literature.
No separation (chemical or physical) of the SYC cellular
constituents was performed, besides the membrane lipids, in
order to maintain the preparation cost of the SYC as low as
possible. Therefore, the SYC mass that has been effectively
saponified was less than 5% of the total saponified mass
(proteins, carbohydrates, and cell genetic material were
kept in the mass). This approach forced the use of high
concentration of saponified SYC.
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Figure 4. Particle size distribution for apatite sample.
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Figure 5. Apatite recovery as function of the collector dosage at pH 10.

No apatite recovery above 40% was obtained for
the tested pH and dosages, indicating that the SYC cannot
supply the required amount of lipids required for the flotation
or the remaining cellular material could be interacting with
the flotation process. More work is required in order to
test the isolation of the cellular material from the lipids and
to understand the adsorption mechanism of the saponified
SYC on apatite surface. Despite the low apatite recovery,
the results demonstrate a potential future use for SYC in
mineral froth flotation as a cheap, biodegradable, eco-friendly,
and sustainable reagent.
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