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Content in Iron Ore Particles

Leonardo Martins da Silvaa* , Ellen Cristine Gieseb , Giulio Antunes de Medeirosa,  

Marcio Teodoro Fernandesa, José Adilson de Castroa 

aUniversidade Federal Fluminense, Av. dos Trabalhadores 420, Vila Sta. Cecília, 27255-125,  
Volta Redonda, RJ, Brasil.

BCentro de Tecnologia Mineral, Avenida Pedro Calmon, 900, Cidade Universitária, 21941-908,  
Rio de Janeiro, RJ, Brasil.

Received: August 24, 2021; Accepted: January 13, 2022

With the growing industrialization, there is a constant increase in the world demand for iron ore, 
thus implying an increase in the volume of mining, resulting in the extraction of ores with higher 
levels of silicon, phosphorus and sulfur impurities. Therefore, it is highly relevant to use beneficiation 
techniques that allow the use of iron ores with high levels of impurities, and it is known that a widely 
used alternative is to perform a pre-treatment of iron ore particles in order to reach the limit of 
acceptable phosphorus before application in steel production. Therefore, this study aims to evaluate 
the pre-treatment process of iron ore particles aiming at reducing the phosphorus content using the 
bacterial strain burkolderia caribensis in contaminated iron ore samples. Through the rotatable central 
composite design technique, it was possible to evaluate the best conditions for the use of the bacterial 
strain to reduce the phosphorus content in the particles. The results indicated that the developed process 
has relevant applicability. The results contribute to a better understanding of the use of the bacterial 
strain as a pretreatment process to reduce the phosphorus content of iron ore particles and also to the 
development of new cleaner technologies.
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1. Introduction
With the worldwide growth in demand for iron ore, the 

volume of mining has been steadily increasing, resulting in 
the extraction of ores with a low concentration of iron and 
higher impurities. In order to increase the iron content in 
low-grade ore, concentration technologies have been used, 
making it possible to mine deposits with lower iron content 
and higher contaminants, including phosphorus.

In this sense, the literature has reported works developing 
some methods for removing phosphorus in iron ores involving 
smelting, separation by physical processes and chemical 
leaching processes, among others1-10. The smelting process 
was considered effective for dephosphorization, but at a very 
high cost, and further investigations about the process and 
its optimization are still needed. In the process of physical 
separation, the ores must be crushed and comminuted 
until the phosphorus is dissociated from the iron minerals 
and then dephosphorized with separation by flotation or 
magnetic separators.

However, due to the low levels of extraction   of the 
phosphorus element, the high cost of the grinding process 
and the losses of iron that occur in the process, this 
method was considered unfeasible for the extraction of the 
phosphorus element. However, the chemical approach, in 
which the ore is leached with an appropriate solution, is 

a relatively simple process, as it can directly treat the ore 
particles without strict comminution requirements. Some 
results from the literature11-15 indicated that dephosphoration 
through acid leaching is feasible, however, depending on the 
leaching environment, it can become an extremely relevant 
environmental problem.

An alternative to reduce the content of the phosphorus 
element in contaminated ores is the reuse of the generated 
waste, thus contributing to minimize the costs of extraction 
and classification of minable ores. However, it is important 
to note that the way in which a given impurity occurs in an 
ore is associated with the formation of that deposit, which 
can be presented in combined particles of complex phases 
that are difficult to remove by conventional processes of 
comminution and separation. In iron ores from non-weathered 
deposits, the primary source of phosphorus is apatite6.

In weathered iron ore deposits, phosphorus occurs 
highly disseminated in the form of secondary minerals. 
However, in some cases, the element phosphorus can be 
found in the iron ore particles complexed with the goethite 
molecules, FeO(OH), in the form of a solid solution12 as 
shown in Figure 1.

Although there are chemical processes designed to reduce 
the phosphorus content of iron ores, the historical low prices 
of this commodity make all of these alternatives unfeasible. 
Biotechnology can be an economical and environmentally *e-mail: leonardouffsilva@gmail.com
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friendly way to overcome this problem. Works by Buis4 and 
Parks et al.16 dealt with the use of fungi strains with high 
phosphate solubilization activity to treat phosphate iron ores, 
however, the main disadvantage of these investigations was 
that the strains used were not associated with the ore being 
treated. When artificially inoculated in a given environment, 
indigenous microorganisms, as a general rule, compete for 
the best adaptation in terms of causing less distortion than 
exogenous microorganisms. Therefore, if an efficient bio-
beneficiation process is to be implemented for the treatment 
of a certain mineral raw material, studies on the microbiota 
living naturally on such substrate and evaluation of its desired 
properties should be the initial step.

According to Priha et al.17, the potential to obtain higher 
yields of phosphorus reduction at an economic level can 
make the bioleaching processes economically attractive 
for the reduction of phosphorus in the industry. In addition, 
materials containing high levels of phosphorus are considered 
waste and their reuse can potentially be implemented, thus 
contributing to reduce the environmental footprint in mining. 
This could be a way of alleviating the predicted future 
situation where the physical limitations of the resource will 
become increasingly important.

1.1. Possible solubilization and biosorption 
mechanisms

Biotechnology has been used for decades to develop new 
technologies for waste treatment and removal of minerals 
of interest. Bioleaching of chalcopyrite concentrate was 
developed and evaluated at commercial scale in 1995. Further 
work is in progress for use of the archaea to bioleach lower 
grade chalcopyrite ore in engineered heaps.

Phosphate-solubilizing bacteria can supply plants 
with phosphorus from sources that are otherwise poorly 
available. Therefore, solubilization of phosphatic minerals by 
microorganisms is a research topic of significant interest to the 
agriculture sector due to its applicability in biofertilization. 
Moreover, such a feature could also be economically and 
environmentally useful for emerging industries like biomining.

The most common mechanism used by microorganisms for 
solubilizing calcium phosphates seems to be the acidification 
of the medium via biosynthesis and release of a wide array of 
organic acids18-20. Gluconic acid is the principal organic acid 
produced by most soil bacteria, including Burkholderia spp, 
although other organic acids are also generated by different 
phosphate bioleching bacteria18,19.

Direct oxidation of glucose to gluconic acid generates 
a transmembrane proton motive force that may be used for 
bioenergetic and/or membrane transport functions while the 
dissociable proton of gluconic acid is available for phosphate 

solubilization20,21. In addition to gluconic and acetic acids, 
others organic acids may be produced by these two bacterial 
strains. However, taking in consideration that gluconic acid is 
among the strongest naturally occurring organic acids known 
and it has historically been associated with bacteria selected 
for extremely high levels of phosphate solubilization20, it 
is likely that the phosphate solubilization activity of B. 
caribensis FeGl03 and B. ferrariae FeGl01 mainly relies on 
the production of gluconic acid. However, more research is 
needed to gain a better insight into the mechanism underlying 
the phosphate solubilizing capability of B. ferrariae Fe.

According to Vijayaraghavan et al.21, batch experiments 
usually focus on the study of factors influencing biosorption, 
which are important in the evaluation of the full biosorption 
potential of any biomaterial. Important factors include 
solution pH, temperature, ionic strength, biosorbent dosage, 
biosorbent size, initial solute concentration, agitation rate, etc. 
The solution pH usually plays a major role in biosorption, 
and seems to affect the solution chemistry of metals/dyes 
and the activity of the functional groups of the biomass.

Therefore, in this work, the route to reduce phosphorus 
content through bacterial attack will be evaluated using the 
bacterial strain Burkholderia Caribensis. The influence of 
parameters such as contact time, ore mass and volume of 
the bacterial medium was studied.

2. Materials and Methods

2.1. Growth of the burkolderia caribensis 
bacterial strain

The isolation of the strain used in the phosphate removal 
experiments from the ore was as described by Delvasto et al.22. 
A phosphorus-free, chemically-defined liquid culture medium, 
based on the NBRIP medium of Nautiyal23, was used in 
the phosphate-removal experiments. The composition of 
the medium was as described in Table 1 (in g/l deionized 
water). The medium was sterilized by autoclaving at 121ºC 
for 30 min. The pH of the medium was around 5.0 after 
sterilization.

After bacterial growth, different iron ore amounts were 
added to different volume values of the liquid medium 
containing the bacterial strain where it was possible to 
evaluate the best conditions for reducing the phosphorus 
content in the iron ore samples, which occurs in function of 
the consumption of the element phosphorus by the bacterial 
strain contained in the liquid medium.

2.2. Characterization of the iron ore samples
X-ray diffraction (XRD) and scanning electron microscopy 

(SEM) were performed for the characterization of samples.
The samples of iron ore were originated in the Quadrilátero 

Ferrífero region of Minas Gerais, Brazil. All samples were 
comminuted in a bar mill at the facilities of the Mineral 
Technology Center - CETEM, generating particle size 
fractions smaller than 0.234 mm.

The obtained samples were submitted in the powder 
form to X-ray diffraction analyses using the Rietveld method 
in parallel to scanning electron microscopy. The X-ray 
diffraction technique using the Rietveld method is based on 

Figure 1. Mechanism of phosphorus occurrence in goethite.
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the simulation of an entire diffractive profile starting from 
structural parameters of the component phases, allowing 
more information to be extracted from the diffractograms. 
The Rietveld method takes into account the overlap of the 
peaks of all the phases present and the contributions of the 
background noise. Hematite, Quartz and Goethite were the 
main phases identified by the X-ray diffraction method, 
where the absence of apatite and aluminosilicate compounds 
was observed.

Figure 2 shows the X-ray diffraction spectrum of the 
iron ore used in this investigation and Table 2 shows the 
mineralogical composition of the iron ore sample.

The chemical analysis was carried out using the 
inductively coupled plasma optical emission spectrometry 
method performed at CETEM. The phosphorus content in 
the ore sample was 346 mg/kg, corresponding to 0.0346%wt. 
Scanning electron microscopy analyses were carried out at 
Universidade Federal Fluminense - UFF.

For analysis of the acid baking-leaching process, a 
volume of 300 mL of water was used, which was added 
to a 500 mL beaker that served as a reactor. The particles 
were agitated using an IKA mechanical stirrer model RW20. 
After the reaction time was over, the mixture was vacuum 
filtered on a Büchner funnel and taken to the oven for 
drying at 40°C for 1 hour. All the samples were then sent 
for quantitative analysis of the phosphorus content, where 
the ultraviolet radiation emission in the visible spectrum 
(UV-VIS) measurement technique was used. The calculation 
of the removal percentage was as follows:

  
%   100f i

i

C C
C
−
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Where   is the final concentration of the phosphorus element 
after the leaching process and iC  is the initial concentration 
of the phosphorus element prior to the leaching process.

2.3. Statistical evaluation of the process
Using experimental planning based on statistical principles, 

researchers can extract from the system under study as much 
useful information as possible by doing a minimum number 
of experiments, applying, for example, the factorials 2k or 
2k-p. For a better analysis of response surfaces, the centered 
face cube design can be used. The DCC is a design that was 
developed with the objective of making it possible to find 
the point of maximum or minimum response, in tests with 
k factors, each with five levels, and with a number of points 

lower than other types of designs used, for example, the 3k 
factorial. However, when it comes to the total of stationary 
points, using the parametric test for difference of proportion, 
the proportions of maximum in each interval of experimental 
coefficient were found to be significantly different, mainly 
in relation to the rotational DCC, that is, the rotational DCC 
always obtained a greater number of experiments in which 
the maximum points were between levels -1 and 1.

Among the standard designs, the Central Composite 
Design (DCC) is considered an optimal design. According 
to Atkinson and Donev24 the composite designs belong 
to a family of efficient designs, which require few tests 
for their performance. As for efficiency measures, Donev 
and Atkinson24 and Lucas25 show that the DCC behaves 
well according to some of the main optimization criteria. 
In addition, it has interesting characteristics for the search 
for the point that gives the optimal response, which are the 
smaller number of treatments in relation to the complete 
factorials and the possibility to be performed sequentially, in 
order to move towards the optimization of the system, that is, 
through the execution of a part of the experiment (applying 
2k factorial experiments or first order fraction-experiment) 
through the “steepest ascent technique”.

Table 3 presents the values used in the factorial planning 
within each experimental coefficient range and also within 
the levels (-1, 1), and outside these levels.

The values presented in Table 3 were stipulated considering 
the mean between the upper and lower axial values.

3. Results and Discussion

3.1. Reduction of phosphorus content using the 
bacterial strain burkolderia caribensis

In order to evaluate the effects of the variables iron ore 
mass, time of contact with the bacterial strain and volume of 
the bacterial medium in contact with the ore on the reduction 

Figure 2. X-ray diffraction spectrum of the iron ore sample.

Table 1. Composition of the medium used for growth of the 
burkolderia caribensis bacteria strain.

Compound Chemical Formula Composition (g/l)
Glucose C6H12O6 10.0

Magnesium 
chloride 

hexahydrate
MgCl2 · 6H2O 5.0

Magnesium sulfate 
heptahydrate MgSO4 · 7H2O 0.25

Potassium chloride KCl 0.20
Ammonium sulfate (NH4)2SO4 0.10

Table 2. Mineralogical composition of the iron ore sample (% by 
mass fraction).

Mineral Chemical Formula Mass Fraction, %
Hematite (Fe2O3) (1) 72.89
Kaolinite [Al2Si2O5(OH)4] (2) 4.64

Quartz (SiO2) (3) 12.05
Gibbsite [Al(OH)3] (4) 3.18
Goethite [FeO(OH)] (5) 7.25

fC
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of the phosphorus content in the iron ore particles, the tests 
results showed in Table 4 were presented in the graph from 
Figure 3.

Figure 3 is shows the results of the phosphorus removal 
tests using the burkolderia caribensis strain.

Figure 3 shows the results of the phosphorus removal tests 
where it was possible to observe that the highest percentage 
of reduction obtained was for the sample containing 2 g 
of iron ore using 50 ml of the bacterial volume in 12 h of 
contact of the bacterial strain with the iron ore sample. 
However, small values   of reduction of the phosphorus 

content were observed in the iron ore particles. According to 
Santos et al.26, it is considered that bioleaching occurs by two 
different mechanisms: (i) direct, where the bacteria bind to 
the mineral surface and produces a series of compounds that 
separate sulfur-metal and sulfur-sulfur bonds; (ii) indirect, 
where bacteria oxidize Fe (II) to Fe (III) and use electrons 
in their metabolic processes. As noted in this work, the 
alternative (i) is considered, being generated by the bacterial 
strain acidic substances that by hydrogenation break bonds 
between the elements.

However, according to Figure 1, where the complex of 
goethite and phosphorus was presented, one can conjecture 
that in addition to the action of acids formed by bacterial 
involvement, it is necessary to apply additional energy to 
disrupt this structure and release the complexed phosphorus 
element demonstrated by the low values of solubilization 
rate and reduction in phosphorus content performed by the 
bacterial strain, being shown in Figure 3.

3.2. Reduction of the phosphorus content in 
the iron ore particles as a function of the 
variables iron ore mass, time and volume of 
the bacterial medium

In Figure 4, the rate of phosphorus removal from the 
iron ore particles is presented as a function of the iron ore 
mass and time of contact with the iron ore sample.

It was possible to observe that higher values of reduction 
of the phosphorus content occurred for smaller values of 
mass of iron ore during the entire interval of time. The lower 
values of mass of ore suggest a greater value of contact 
between bacterial strain and particles of iron ore suggesting 
that the reduction in phosphorus content is due to the greater 
contact of bacteria with the iron ore particles. Going with the 
previous statement Silva et al.27 in the work titled “evaluation 
of the diffusional coefficient in the acid baking process using 
microwave energy to reduce phosphorus content in iron ore 
particles”, through the values of phosphorus reduction rate, it 
was possible to demonstrate the control steps of the phosphorus 
reduction process and to observe that the chemical control 
steps on the particle surface, together with the diffusional 
control step with the diffusion of the leaching agent into the 
particle, are the steps that determine the rate of phosphorus 

Figure 3. Results of the phosphorus removal tests using the 
burkolderia caribensis strain.

Figure 4. Contour plot of the response surface for phosphorus 
reduction of iron ore particles as a function of iron ore mass and 
time of contact with the sample.

Table 3. Levels used in the factorial planning.

Variables -1.41 -1 0 1 +1.41
Time (h) 0.5 6 12 18 24
Iron ore 
mass (g) 2 14 26 38 50

Volume 
of 

bacterial 
medium 

(ml)

10 30 50 75 100

Table 4. Levels used in factorial planning and phosphorus removal 
results.

Test Time 
(h)

Iron ore mass 
(g)

Volume of 
bacterial 

medium (ml)

Phosphorus 
Removal (%)

1 6 14 30 0.557
2 6 14 75 0.696
3 18 14 30 0.161
4 18 14 75 0.510
5 6 38 30 0.006
6 6 38 75 0.034
7 18 38 30 0.047
8 18 38 75 0.034
9 12 26 10 0.002
10 12 26 100 0.155
11 0,5 26 50 0.161
12 24 26 50 0.016
13 12 2 50 1.950
14 12 50 50 0.008
15 12 26 50 0.016
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removal on the particles of the iron ore. Thus, it is possible 
to consider the mixed control model as the model that best 
represents the rate of reduction of phosphorus content in iron 
ore particles using microwave energy as a heating source.

According to Delvasto et al.22, the understanding of 
biogeochemical mechanisms involved in the removal of 
phosphate from iron ore is extremely important because the 
bacterial/mineral interactions are complex and the phosphorus 
extraction process can be adversely affected by dynamic 
chemical processes, such as re-precipitation of iron and 
phosphate in a biofilm microenvironment. Most bacteria, 
including leaching bacteria, grow on mineral surfaces and 
form multispecies biofilms. It has been shown that when the 
substrate surface area is not limiting, N80% of the inoculum 
disappears from the solution in 24h, forming a biofilm28-30. 
However, some cells also remain in the planktonic stage29. 
Non-contact bioleaching is carried out by planktonic bacteria, 
which oxidizes ions in solution, while the contact mechanism 
of bioleaching occurs at the interface between the bacterial 
cell and the surface mineral31.

According to the results presented by Ishii et al.31 and 
the detailed procedures provided by Bennett et al.32, strongly 
adhesive bacterial interactions to surfaces, as those promoted 
by proteinrich appendages, are less prone to disruptions 
during CPD procedures. In any case, distribution density of 
the observed extracelular networks ought not to be strongly 
affected by sample preparation and, thus, the difference in 
relative density and cross-linking of the extracellular networks 
found in the biofilms formed by B. caribensis FeGL03 on 
iron ore particles may be regarded as representative of each 
condition tested.

Figure 5 shows the phosphorus reduction profile of the 
iron ore particles as a function of the iron ore mass and the 
volume of the liquid medium of the bacterial strain.

It was observed that higher values of reduction of 
phosphorus content occurred in lower values of mass of 
iron ore and in higher values of volume of liquid medium of 
the bacterial strain. The lower values of ore mass and large 
values of bacterial strain volume suggest a dependence on 
the contact between bacterial strain and iron ore particles 
as also shown in Figure 3.

Due to the nature of the cellular components, several 
functional groups are present on the bacterial cell wall, 
including carboxyl, phosphonate, amine and hydroxyl 
groups33,34. As they are negatively charged and abundantly 
available, carboxyl groups actively participate in the binding 
of metal cations. Several dye molecules, which exist as dye 
cations in solutions, are also attracted towards carboxyl and 
other negatively charged groups. Golab et al.35 indicated 
that the carboxyl groups of the cell wall peptidoglycan of 
Streptomyces pilosus were responsible for the binding of 
copper. Also, amine groups are very effective at removing 
metal ions, as it not only chelates cationic metal ions, but 
also adsorbs anionic metal species or dyes via electrostatic 
interaction or hydrogen bonding. Vijayaraghavan and 
Yun36 confirmed that the amine groups of C. glutamicum 
were responsible for the binding of reactive dye anions via 
electrostatic attraction. In general, increasing the pH increases 
the overall negative charge on the surface of cells until all 
the relevant functional groups are deprotonated37.

Figure 6 shows the rate of reduction of phosphorus of 
the iron ore particles as a function of the contact time and 
the volume of the liquid medium of the bacterial strain.

Higher values of reduction of the phosphorus content 
occurred in intermediate values of time and volume of 
the liquid medium of the bacterial strain. The absence of 
variation in time and in the concentration of the liquid medium 
containing the bacterial strain demonstrates the dependence 
of the mass of ore in reducing the phosphorus content using 
the bacterial strain. Such dependence is evidenced by the 
action of acids formed by the bacterial strain on the iron ore 
particles. According to Delvasto et al.22 cultures of B. ferrariae 
FeGl01 and B. caribensis FeGl03, produced concentrations 
of acetic acid in the medium showing increasing values of 
such acids as the incubation time increased. The presence 
of citric acid in the medium was also tested. Although citric 
acid is another organic acid known to be commonly produced 
by phosphate solubilizing bacteria, it was not detected in the 
cultures of B. ferrariae FeGl01 and B. caribensis FeGl03 by 
the analytical technique used. The most common mechanism 
used by microorganisms to solubilize calcium phosphates 
appears to be acidification of the medium via biosynthesis 
and release of a wide range of organic acids18-20.

Gram-negative bacteria exhibiting superior mineral 
phosphate solubilization capabilities use the direct oxidase 

Figure 5. Contour plot of the response surface for phosphorus 
reduction of iron ore particles as a function of the mass of ore and 
the volume of the liquid medium of the bacterial strain.

Figure 6. Contour plot of the response surface for phosphorus 
reduction of iron ore particles as a function of contact time and 
volume of the liquid medium of the bacterial strain.
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pathway (also known as non-phosphorylating oxidation), in 
which gluconic acid is produced from glucose. The direct 
oxidation of glucose to gluconic acid generates a driving 
force for transmembrane protons that can be used for 
bioenergetics and /or membrane transport functions, while 
the dissociable proton from gluconic acid is available for 
phosphate solubilization20,38.

Heterotrophic bacteria solubilize inorganic phosphorus 
through the production of organic acids, such as gluconic 
acid, acetic acid, oxalic acid, citric acid, lactic acid and 
itaconic acid39. The chelating ability of organic acids is 
important, e.g. Kim et al.39 showed that organic acids can 
be more effective in solubilizing phosphorus than inorganic 
acids at the same pH.

Strains of the Pseudomonas, Bacillus and Rhizobium genera 
are among the most powerful solubilizing phosphates19,40 but 
also other heterotrophic bacterial genera and species have 
been shown to have phosphorus solubilization capacity, 
such as Burkholderia spp., Clavibacter xyli, Enterobacter 
agglomerans, Serratia and Streptomyces22,40-42.

Figure 7 shows the importance plot of the independent 
variables on the level of reduction in the phosphorus content 
of the iron ore samples.

In Figure 7, it was observed that for the reduction 
of the phosphorus element in iron ore samples using the 
bacterial strain burkolderia caribensis, the iron ore mass 
is highly relevant followed by the volume of the bacterial 
strain and the contact time between the strain and the iron 
ore particles. Thus, it was observed that the percentage of 
iron lost decreased with the increase in the concentration 
of ore solids. Thus, it was possible to observe that the way 
in which the ore is in the structure hinders the release of 
the phosphorus element followed by the reduction of the 
phosphorus content by the bacterial strain. However, the 
benefits of using biotechnology regarding the use of the 
bacterial strain in the hydrometallurgical process must be 
considered and the process must be better developed. Going 
to meet Biomining, reported that the use of microorganisms 
to recover metals by oxidative dissolution of metal sulfide 

minerals in primary ores and wastes (tailings, rock dumps 
etc.) is now well established as a global technology43. 
Conventionally, biomining uses irrigated systems (rock 
dumps and bioheaps; principally for recovering base metals) 
or stirred tanks, which are mostly used for recovering gold 
from refractory ores. In both of these, the microbial catalysts 
of mineral oxidation, chiefly acidophilic chemolithotrophic 
bacteria and archaea, occur in juxtaposition to the metal 
sulfides, often growing as biofilms on the minerals themselves 
where they mediate contact leaching44.

4. Conclusion
In order to evaluate the profile of the removal of the 

phosphorus element from iron ore samples, as well as the 
advantages inherent to the use of the burkolderia caribensis 
strain as leaching agent, a statistical modeling was elaborated, 
evaluating the best conditions for the reduction of the 
phosphorus content in the iron ore particles during the 
leaching stage. Thus, the following conclusions were drawn:

•  Through the values demonstrated by the statistical 
evaluation it was possible to conclude that higher 
values of reduction of the phosphorus content using 
the bacterial strain burkolderia caribensis were found 
for lower values of mass of iron ore samples.

•  Through the values shown by the phosphorus 
reduction profile of iron ore particles indicating 
higher reduction levels for lower iron ore mass 
values, it was possible to conclude that higher 
reduction values occur due to the greater contact 
between bacterial strain and the iron ore particles. 
It was also possible to conclude that greater values 
of reduction of the phosphorus content occurred 
due to lower values of ore mass in large volume 
of the bacterial strain, emphasizing the dependence 
of the contact between bacterial strain and the iron 
ore particles, with the phosphorus being released 
by the organic acid generated by the bacterial strain 
as presented by the previous conclusion.

Figure 7. Importance plot of the variables evaluated on the reduction of the phosphorus content of the iron ore samples.
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•  It was possible to conclude through the values of 
the phosphorus reduction profile of the iron ore 
particles as a function of the contact time and the 
volume of the liquid medium of the bacterial strain 
that greater values of reduction of the phosphorus 
content occurred in intermediate values of time 
and volume of the liquid medium of the bacterial 
strain, indicating the strong dependence of the mass 
of the iron ore sample in the process of reduction 
of the phosphorus content using the bacterial strain 
burkolderia caribensis.

•  It was possible to conclude through the statistical 
plot of importance of the variables evaluated on 
the reduction of the phosphorus content of the 
iron ore samples that the ore mass variable was the 
most important variable in the process of removal 
of phosphorus content using the bacterial strain 
burkolderia caribensis followed by the variables 
volume of the bacterial liquid medium and the 
contact time of the bacterial strain in the iron ore 
particles and although the action of organic acids 
produced by the bacterial strain collaborates to 
reduce the phosphorus content in the particles, it 
is necessary to apply additional energy to disrupt 
the structure of the phosphate complex and release 
the complexed phosphorus element.
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