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Abstract

The aim of this study is to assess the floatability of hematite using a crude bio-
surfactant (BS) extracted from Rhodococcus opacus. Throughout high-pressure eth-
anol extraction, unrefined surfactant was extracted from the bacteria with a yield of 
0.3 g/L. An FTIR analysis on this extract, shows the presence of alcohol (–OH) and 
ketone (C=O) groups, as well as saturated and unsaturated carbon chains, which 
might originate from mycolates and trehalolipids moieties reported in literature. In 
addition, FTIR analysis on the modified mineral surface with the unrefined surfac-
tant, confirms a strong interaction between hematite and the crude biosurfactant, 
showing similar vibrational peaks regarding the hydroxyl and carboxylate groups at 
1631 and 3436 cm-1, respectively. Biosurfactant interaction with the mineral particles 
shifted the isoelectric point from 7.5 to 3.2, turning the hematite more hydrophobic 
in acidic environments. Surface tension measurements indicate that the unrefined sur-
factant is slightly more effective, decreasing the surface tension of water compared to 
the bacteria itself, with a variation of 4 mM/m. Finally, throughout microflotation 
tests in a Hallimond tube, it is shown that the surfactant doubles bacteria recovery 
efficiency, reaching a maximum recovery of around 95 % in acidic conditions, which 
is consistent with electrophoretic studies. The statistical models adjust well the experi-
mental data, achieving R2 values of 93.6 and 91.1% for the hematite flotation using 
the biomass and the biosurfactant, respectively.

Keywords: bioflotation; biosurfactants; hematite flotation; Rhodococcus opacus.

Jhonatan Soto Puelles1,2

https://orcid.org/0000-0002-4120-0979

Antonio Gutierrez Merma1,3

https://orcid.org/0000-0001-9218-2566

Carlos Alberto Castañeda Olivera1,4

https://orcid.org/0000-0002-8683-5054

Maurício Leonardo Torem1,5

https://orcid.org/0000-0002-2674-9349

1Pontifícia Universidade Católica do Rio de Janeiro 

- PUC-Rio, Departamento de Engenharia Química,

Rio de Janeiro – Rio de Janeiro – Brasil.

E-mails: 2Jhona_sp@hotmail.com, 
3anguz21@hotmail.com, 4caralcaso@gmail.com, 
5torem@puc-rio.br

Fundamental bioflotation 
aspects of hematite using 
an extracted Rhodococcus 
opacus by-producthttp://dx.doi.org/10.1590/0370-44672020740095

Mining
Mineração

1. Introduction

Mineral resources are steadily di-
minishing and the search for new technol-
ogy able to recover low grade deposits is 
becoming evident. Additionally, nowadays 
there is an increasing awareness of the 
environmental impact of the mining 
industry. Mineral flotation processes use 
surfactants that significantly contribute 
to water pollution when released in ef-
fluents (Zoller et al., 2000). The use of 
microorganisms and their by-products to 
selectively recover minerals with a lower 
environmental impact could be a relevant 
alternative. Previous studies showed the 
potential of developing a new technology 

by the harnessing of microorganisms as 
bioreagents (Yang et al., 2013; Mesquita 
et al., 2003). However insufficient under-
standing of the mechanisms, kinetics, and 
thermodynamics of the process, and even 
physical factors (Puelles, 2016; Kim et al., 
2017) hinders their successful upscale. 
Moreover, the potential uses of microbes 
in the flotation process was properly 
discussed by Kinnunen et al. (2020). The 
authors suggested that certain categories 
of bacteria could be used as potential 
flotation collectors.

Amphiphilic substances located 
in the cellular wall or excreted by the 

microorganisms are responsible for 
their adhesion onto the mineral surface, 
and consequently, for their selective 
floatability (Kuyumcu et al., 2009). 
Such biosurfactants fulfil several func-
tions, such as facilitating the growth of 
their producers by increasing substrate 
availability, transporting nutrients, or 
acting as biocide agents (Puelles, 2016; 
Rodrigues et al., 2006). The isolation 
of these substances by a simple process 
and their harnessing in mineral flotation 
might be the next level in the research of 
mineral bioremediation. The complex 
molecular structure of biosurfactants 
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2. Methodology

2.1 Microorganism and culture media

2.2 Extraction of the crude biosurfactant

The growing of the Rhodococcus 
opacus strain was based on the research 
work of Puelles (2016); where the de-
tails of all experimental procedures 
are fully described. The strain was 

obtained from the Chemical, Biological 
and Agricultural Pluridisciplinary Re-
search Center (CPQBA - UNICAMP). 
The microorganism was grown in an 
YMG (yeast, malt and glucose) solid 

and liquid medium (Table 1). The liquid 
broth was kept three days at 28 °C and 
continuously stirred at 150 rpm. In 
addition, the initial pH was adjusted 
to 7.2.

The extraction of the crude biosur-
factant was based on the high-pressure 
ethanol extraction method (Moreau et 
al., 2003; Puelles, 2016) (Figure 1). The 
protocol involves the separation of the 
planktonic cells from their broth through 

centrifugation, washing the biomass 
with deionized water and its resuspen-
sion in ethanol (98%) at 1 bar (relative 
to atmospheric pressure) and 121 °C. At 
these conditions, it was possible to keep 
the liquid phase of ethanol, effectively 

extracting all ethanol soluble compounds 
from the bacteria. The extract was dried 
and redissolved in deionized water and 
the liquid phase, obtained by centrifuga-
tion and filtration, was dried again and 
stored at 4 °C.

Figure 1 - Flowsheet of the hot ethanol extraction procedure.

Table 1 - Composition of the culture medium.

Component Solid (g/L) Liquid (g/L)

Glucose 10 10

Peptone 5 5

CaCO3 2 2

Malt extract 3 3

Yeast extract 3 3

Agar 10 --

pH 7.2 7.2

grant them with unique properties such 
as resilience to extreme environments, 
selective adsorption, and even antimi-
crobial characteristics. The present study 
evaluates the effectiveness of the crude 

biosurfactant extracted from the gram-
positive bacteria Rhodococcus Opacus, 
recovering hematite mineral at neutral 
and acid conditions. In addition, surface 
characterization studies involving FTIR 

and Zeta potential, aid us in proposing 
an interaction mechanism. Finally, a 
comparison performance between the 
biosurfactant and the biomass was done 
through statistical modelling.
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2.3 FTIR analysis

2.4 Zeta potential measurements

2.5 Surface tension measurements

2.6 Microflotation tests

3. Results and discussion

3.1 Production and characterization of Rhodococcus opacus and its biosurfactant

FTIR spectroscopy was carried 
out on the dried biosurfactant and 
on hematite particles before and af-
ter biosurfactant interaction, using a 
Nicolet FTIR 6700 instrument with 

a KBr matrix. Initially, the samples 
were dried at 40°C and the samples 
were mixed with KBr in a proportion 
of 1/200 (weight). The mineral par-
ticles (-20 µm) were conditioned with 

a known concentration of the biosur-
factant (150 mg/L) for 3 minutes. After 
that time, the samples were rinsed 
with deionized water and dried up to 
40 °C for 12 h.

Zeta potential was measured with 
a Zeta-Meter 4.0 instrument. Hematite 
particles (-20 µm) were suspended in 

different electrolyte concentrations to 
determine the isoelectric point. For the 
modified mineral, the particles were 

conditioned with the crude biosurfac-
tant solution for 3 minutes. Table 2 
shows details of the experiment.

The surface tension of the bio-
surfactant solution was measured us-
ing a DC 200 Surface Electro-Optics 

tensiometer, by the Nöuy ring method 
at 22 ± 2 °C. The pH solution was 
neutral and the biosurfactant concen-

tration was varied from 0 to 250 g/L to  
estimate the critical micelle concentra-
tion (CMC).

The microflotation assays were 
carried out in a modified Hallimond 
tube configured with a ceramic frit 
that diffuses air inside the tube. The 
mineral sample was conditioned with 
the biosurfactant inside the tube for 3 

minutes and subsequently, a constant 
airflow rate of 35 ml/min was supplied 
for 2 minutes. Then, the floated and 
non-floated fractions were collected, 
dried, and weighed and floatability was 
calculated. We studied two scenarios, 

hematite flotation with the bacteria it-
self and with the biosurfactant solution. 
Table 3 presents the experimental design 
for both cases; note that the variables 
ranges were the same for the bacteria as 
well as the biosurfactant.

This study did not evaluate the 
bacterial growth, however, Botero 
et al. (2007) reported a cell density 
of 3.5 x 1010 cells/L, using the same 
strain. The biosurfactant extracted 
from Rhodococcus opacus bacteria 
presented a production of around 0.3 
g of biosurfactant per litre of broth. 
According to Lang and Philp (1998), 
the Rhodoccoci species produce surfac-
tants of predominantly cell-associated 
trehalolipids, which justifies the broth 
removal in the extraction process.

Figure 2 illustrates the FTIR 

spectra of R. opacus and its extracted 
biosurfactant. In the fingerprint region 
(below 1500 cm−1), a large number 
of absorption peaks were identified 
because of the variety of C–C, C–O, 
and C–N single-bond vibrations 
that might occur. In the spectra of 
R. opacus, intense peaks between 
1700 and 1620 and medium peaks 
between 2924 and 2850 and between 
1540 and 1080 cm−1 were detected. 
These peaks are characteristics of 
the functional groups presented in 
aldehydes, ketones, aromatic com-

pounds, and alkanes. Additionally, 
the peak at 1237.15 cm−1 is typical 
of a phosphate group that may come 
from nucleic acids; a more detailed 
analysis can be found in Puelles 
(2016). These functional groups are 
characteristic of mycolate substances 
that form part of the bacterial cell 
wall, and it is believed that they are 
responsible for the hydrophobicity of 
the bacteria. The FTIR spectra of the 
crude surfactant suggest the presence 
of alkane (2929 cm-1, 1047 cm-1), al-
kene (1629 cm-1), alcohol (3397 cm-1) 

Factor Type Levels Low value High value

BR concentration (mg/L) Independent 7 0 150

pH Independent 5 3 11

Floatability (%) Dependent - - -

Mineral Hematite

Particle size <20 µm

Concentration of hematite 0.1 g/L

Concentration of the BS 120 mg/L

Electrolyte concentrations (NaCl) 10-4; 10-3; 10-2 mol/L

pH 3 - 11

Table 2 - Experimental conditions for the zeta potential measurements.

Table 3 - Experimental design for the microflotation tests.
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3.2 Infrared analysis of hematite by FTIR

3.3 Zeta potential measurements of hematite before and after interacting with BS

Figure 3 shows the FTIR spectra of 
the hematite surface before and after crude 
biosurfactant interaction at pH 3. The new 
peak formed at 3436 cm−1, after biosurfac-
tant interaction, might correspond to the 

vibrations of the –OH groups; a similar 
behaviour was observed during the FTIR 
analysis of magnesite and calcite after 
interacting with R. opacus (Botero et al., 
2008). The adsorption of the BS onto 

the hematite surface could be proved by 
the presence of the resonance peaks at 
2923 and 1631 cm−1, which correspond 
to the vibrations of alkane and carboxyl 
groups, respectively.

Figure 4 illustrates the zeta poten-
tial profile of hematite as a function of 
pH. Three electrolyte concentrations 
were used in order to confirm the iso-
electric point value (IEP). It is possible 
to observe that the zeta potential value 
decreased as the NaCl concentration 
increased. According to Hiemenz et al. 

(1997) this is due to the electric double 
layer compression effect. Additionally, 
it is observed that the resultant IEP was 
7.4. In a previous study, the hematite 
presented an IEP of 5.1 (Mesquita et al., 
2003); this difference with the present 
study might be a consequence of a differ-
ent elemental composition of the mineral. 

It is suggested that when no other ions 
except the potential determining ions 
(PDI) and indifferent ions were present, 
then the point of zero charge and the 
isoelectric point could be approximately 
the same. Nevertheless, these points can 
be different, if surface-active ions were 
present (Leja and Rao, 2004).

Even though, the spectra evidence ad-
hesion of the BS onto the surface mineral, not 
all the resonance peaks of the biosurfactant 
appeared. Decreasing in the spectra resolu-

tion due to scattering interference of the 
hematite particles may hide some other ac-
tive groups attached to the mineral surface. 
Similar peaks between the biosurfactant 

and modified hematite spectra may suggest 
a specific adsorption driven force. Before the 
study, we rinsed the samples with deionized 
water to remove weakly attached substances.

Figure 2 - FTIR spectra of Rhodococcus opacus (blue) and the its extracted biosurfactant (red).

Figure 3 - FTIR spectra of mineral before interacting (blue) and after interacting (red) with the BS extracted from R. opacus.

and ketone groups (1629 cm-1). These 
functional groups could be related to 
mycolic acids, which are produced by 
the Rhodococci species (Nishiuchi et 
al., 2000; Puelles, 2016). Although, it 
was reported that bacterial proteins 

play a determinant role in floccula-
tion and flotation processes because 
of its amphiphilic character (Patra and 
Natarajan, 2008). In the present study, 
the presence of proteins was discarded 
due to the high temperatures and pres-

sures used in the extraction process 
that would denaturize them, irrevers-
ibly. However, the possible presence of 
amino and aromatic compounds may 
indicate soluble amino acids contained 
in the crude biosurfactant solution.
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Hence, for pH values lower than 
7.6 (IEP), the ≡ FeOH2

+ species may be 
the predominant species, and the hema-
tite surface acquires a positive electric 
charge. Around its IEP value, the neutral 
≡ FeOH species might predominate, and 
finally, at pH values higher than its IEP, 
a negative surface charge would be ex-
pected due to the predominance of the 

species ≡ FeO -.
Figure 5 shows the zeta potential 

profile of hematite after interacting 
with the crude biosurfactant, us-
ing an electrolyte concentration of  
10−3 mol/L. The error bars represent 
the maximum and minimum measure-
ment, the experimental procedure had 
two replicas, and the middle point was 

the average. Previous studies (Puelles, 
2016; Merma et al., 2013; Botero et al., 
2007, Mesquita et al., 2003) showed 
an acidic shift of the IEP using the 
bacteria as bioreagent. The similarity 
between the biosurfactant and the bac-
teria may suggest that the same active 
component of the bacteria wall was 
present in the biosurfactant.

According to Fuerstenau et al. 
(2005), the adsorption mechanisms of 
oleate onto the hematite surface might 
be evidenced by zeta potential analysis. 
The authors suggested that oleate behaves 
like an anionic collector and electro-

static repulsion hinders its adhesion at 
basic pH. In the present study, the whole 
zeta potential profile was altered after 
biosurfactant interaction, which may 
be evidence of amphoteric substances 
contained in the crude biosurfactant. 

Lang and Philp (1998) proposed that the 
trehalolipids, located on the cellular wall 
of Rhodococcus opacus, develop a non-
ionic form as trehalose-dimycolates or 
an anionic form as trehalose-tetraester, 
due to their ionizable carboxyl group. It 

FeOH2
+ ↔ ≡ FeOH + H+

FeOH ↔ ≡ FeO - + H+

The mechanism of charge acqui-
sition and complexation of hematite 
surface is described in Equations (1) 
and (2). For this, it is suggested that 

the hydrolysed species (≡ XOH) might 
be the surface groups of the mineral. 
According to the surface complex-
ation models of metal oxides, it is as-

sumed that the hematite surface group 
could undergo two protonating steps 
(Gunnarsson, 2002).

Figure 4 - Zeta potential profile of hematite as a function of pH.  [hematite]: 0.1 g/L.

Figure 5 - Zeta potential profile of hematite after interacting with BS. [NaCl]: 10-3 mol/L, [BS]: 120 mg/L.

(1)

(2)
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3.4 Surface tension measurements

3.5 Hematite flotation using Rhodococcus opacus

Figure 6 illustrates the surface 
tension of crude biosurfactant solutions 
and bacteria suspensions at various con-
centrations. It is observed that the crude 
biosurfactant is more effective decreasing 
the surface tension at the liquid-air inter-
face, compared to the bacteria itself with 

a variation of 4 mN/m. In both cases the 
surface tension stabilizes around 150 mg/L. 
Merma et al (2013) proposed that the bac-
teria adsorbs at the water/solution interface, 
promoting the formation of a stable froth. 
Christova et al. (2014) indicated that most 
of the biosurfactants identified in the Rho-

dococcus genus reduce the surface tension 
of water between 19 and 43 mN/m, which 
is consistent with our results.

Thus, it is possible to suggest that 
both, the biosurfactant and the biomass may 
act as frothers in flotation processes. More-
over, the BS may form a more stable froth.

Figure 7 depicts the floatability of 
hematite using Rhodococcus opacus as 
bioreagent varying pH and concentration; 
the maximum floatability was between 
45 and 47% at pH 7 for concentrations 
greater than 75 mg/L. The cellular wall 
of the bacteria has mycolic acids, whose 

unsaturated chains are perpendicular to 
the exterior medium (Kuyukina et al., 
2010) and are responsible for its hydro-
phobic nature. When the microorganisms 
adhere onto the mineral surface, it may 
form a hydrophobic layer, which has a 
strong affinity by the gas phase. Merma 

et al. (2013) showed that the hematite 
presented high contact angles near the 
IEP. Zeta potential measurements showed 
that the IEP of hematite is close to neutral 
pH, therefore the mycolates of the bacteria 
cellular wall and the mineral surface may 
have hydrophobic interaction.

is important to mention that the crude BS 
consisted of a mixture of different organic 

substances, such as polysaccharides, fatty 
acids, phospholipids, and perhaps even 

soluble amino acids, which may interfere 
in the zeta potential analysis.

Figure 6 - Surface tension in function of the concentration 
for crude biosurfactant solution and bacteria suspensions at 23 °C and pH 7.

Figure 7 - Hematite floatability as a function of pH, using R. opacus bacteria as collector. 
[NaCl]: 10-3 mol/L; particle size (+75-150) µm; flotation time: 90 seconds; airflow rate: 35 L/min.
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R= p00 + p10 x1+ p01 x2+ p20 x1
2 + p11 x1 x2+ p30 x1

3+ p21 x1
2 x2+ p12 x1 x2

2+ p4 x2
4+ p31 x1

3 x2+ p2 x1
2 x2

2

Coefficient Estimate p-value

Intercept 264.2485 6.32E-06

X1 -188.1912 3.31E-06

X2 -1.6911 4.99E-05

X1
2 46.1947 2.03E-06

X1.X2 0.7419 2.31E-06

X1
3 -4.6570 1.69E-06

X1
2.X2 -0.0697 0.0001

X1.X2
2 -0.0027 4.18E-05

X1
4 0.1651 1.77E-06

X1
3.X2 0.0016 0.0373

X1
2.X2

2 0.0002 1.50E-06

Table 4 - Coefficients of the polynomial regression with the Rhodococcus opacus as reagent.

At pH 5 and 7, there was still sig-
nificant floatability of hematite which 
may indicate other adhesion mechanisms. 
Such results may indicate that different 
substances from the bacteria, for example 
extra polymeric saccharides, also adhere 
to the mineral surface, making the hema-
tite surface partially hydrophobic.

Polynomial models are empirical 
statistical modelling techniques that inte-
grate statistical experimental designs and 
empirical model building by regression 

for process description, development or 
improvement. These models are com-
monly used to map a response surface over 
a delimited region of interest, optimize 
the responses, or manage the parameter 
conditions to reach a desirable specifica-
tion (Myers et al., 2016).

The adjusted model to predict min-
eral floatability was a polynomial func-
tion of 4th and 3th order of pH (X1) and 
biomass concentration (X2), respectively. 
Table 4 shows the estimate coefficients of 

the statistical model, with their respective 
p-value. The terms in red do not signifi-
cantly affect the hematite floatability and 
can be discarded from the model. Thus, 
according to the statistical analysis the 
polynomial model that better fits the effect 
of the biomass concentration and pH on 
the hematite floatability is presented in Eq. 
3. The criteria for finding the best correla-
tion relays on the statistics p and the square 
correlation coefficient R2 (Walpole et al., 
2012), for this case the R2 was of 93.6%.

Figure 8a shows the surface response 
contrasted with the real data. Addition-
ally, Figure 8b presents the corresponding 
contour graphic (isolines). The blue lines 
at pH 3 and 9 indicate lower floatabil-
ity, under 10%; the effect of biomass 
concentration at these conditions were 
not significant. Similar behaviour was 

observed during the flotation of hematite 
and apatite using the R. erythropolis 
and R. opacus bacteria, respectively. 
In both cases the mineral floatability 
was no significant for pH values higher 
than 9 (Olivera et al., 2017; Merma et 
al., 2013). At neutral pH, there was 
observed a positive effect of bacteria 

concentration on mineral floatability. 
The maximum value (between 40 and 
45 %) was found in the centre of the 
contour plot, at pH 7 and a bacterial 
concentration of 125 mg/L. A similar 
value was found by Olivera et al. (2017), 
but at pH 6, the difference could be 
related to the different kind of strains.

(3)

Figure 8 - Floatability of hematite using the biomass as collector in a surface response graphic (a) and a contour plot (b).

(a) (b)
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Figure 9 illustrates the floatability 
of hematite using the crude biosurfac-
tant. There is a difference in mineral 
floatability between the biosurfactant 
and the bacteria. In the former case, the 
floatability is greater at acidic pH while 
in the last scenario, the bacteria floated 
the mineral in neutral pH. In addition, 
the floatability of hematite using the 
biosurfactant was approximately 96%, 
whereas the maximum, using the bac-
teria, was between 45 and 47%. The 

behaviour of the crude biosurfactant 
was similar to sodium dodecyl sulfate, 
reported to reach 95% floatability of 
hematite at acidic pH values (Vidyadhar 
et al., 2014), suggesting the biosurfactant 
may act as an anionic collector; this is 
supported by the fact that most of the 
non-pathogenic biosurfactants have an 
anionic nature (Christova et al., 2014). 
Based on electrophoretic studies, the 
IEP of hematite was 7.1; at acidic pH 
levels, electrostatic attractions may 

occur between the mineral surface and 
the anionic biosurfactant, resulting in 
maximum adhesion and therefore maxi-
mum hematite floatability. On the other 
hand, at basic pH levels the adhesion 
may be minimal because of electrostatic 
repulsion. Both, FTIR as well as zeta 
potential results showed that non-
specific and specific (predominantly, 
chemisorption) adsorption might take 
place on the interaction between the 
biosurfactant and the mineral surface.

Another difference between using 
the biomass and the biosurfactant for the 
flotation of hematite was the amount and 
structure of the created froth. The latter 
produced a stable froth, even though the 
amount was smaller compared to the 
bacteria. Therefore, the production of 

froth did not relate to the efficiency of 
the collector.

The polynomial regression for the 
bioflotation using the biosurfactant is of 
2nd order on the pH (X1) and 3rd order on 
the BS concentration (X2). Table 5 shows 
the p-value criteria and the significant 

factors. It is interesting to highlight 
that qualitatively it seems that the pH 
has a significant effect on the hematite 
floatability. However, it is statistically 
demonstrated that the real effect is a 
combination between the pH and the 
quadratic term of BS concentration.

Equation (4) represents the polynomial 
function, fitted though multilinear regres-

sion with a correlation coefficient of 91.1%. 
The statistical model of the biosurfactant 

is simpler than the bacteria, Eq. (3), which 
may evidence an easy control of the process.

R = p01 x2+ p12 x1 x2
2

Table 5 - Coefficients of the polynomial regression with the biosurfactant as reagent.

Coefficient Estimate p-value

Intercept -11.1437 0.6277

X1 3.5642 0.6099

X2 2.3186 5.64E-05

X1
2 -0.2398 0.6229

X1.X2 -0.0988 0.2697

X2
2 -0.0134 0.0146

X1
2.X2 -0.0088 0.1099

X1.X2
2 0.0011 6.56E-04

X2
3 0.00001 0.7380

3.6 Hematite flotation using the crude biosurfactant

Figure 9 - Hematite floatability as a function of pH, using BS as collector. 
[NaCl] 10-3 mol/L; particle size: (+75-150) µm; flotation time: 60 seconds; airflow rate: 35 L/min.

(4)
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The surface response of the model 
of the hematite recovery using the bio-
surfactant is shown in Figure 10. The 

red isolines represent a hematite float-
ability greater than 75%. The maximum 
floatability region (red zone) corre-

sponds to a pH between 3 and 7 and 
a biosurfactant concentration greater 
than 75 mg/L.

It is possible to observe that both 
models well adjust the experimental data, 
presenting correlation coefficients higher 
than 90%. The models showed that pH 
of solution and bioreagents concentration 
presented statistical significance, and the 
model for the biosurfactant was simpler.

It is important to point out that the 
flotation with the biosurfactant presented 
a higher effectiveness in comparison with 
the bacteria itself. Moreover, the flotation 
using the biosurfactant presented a fast 
kinetic process, achieving the maximum 
hematite floatability in about 45 seconds, 

while for the biomass, there was required 
at least 2 minutes. In this context, it is 
suggested that the biosurfactant presents 
a higher potential as a chemical biore-
agent to be used in mineral processing, 
especially for the flotation processing of 
hematite ores.

• The floatability of hematite was 
greater using the crude biosurfactant than 
the bacteria, with a maximum mineral 
recovery of 95 % at a slightly acid pH 5 
and a concentration of 100 mg/L.

• FTIR test shows modification on 
the mineral surface after interaction with 
the biosurfactant, which may be attribut-
ed predominantly to specific adsorption. 

However, due to scattering losses in the 
sample because of the hematite particles, 
other surface analytical techniques should 
help in the understanding of the surface 
chemistry of the modified mineral. 

• The zeta potential profile of the 
hematite suggested an anionic biosurfac-
tant, where maximum mineral recovery 
exists at positive surface potentials, be-

low the IEP, and electrostatic repulsion 
may hinder the hematite floatability at 
basic pH.

• Both zeta potential and FTIR 
tests showed that a combined adsorp-
tion process (specific and non-specific 
adsorption), take place in the interac-
tion between the biosurfactant and 
hematite surface.
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