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Abstract
Iron ore pellets are raw materials used by the iron and steel industries. In these applications, flotation process has 
been used for increasing the iron content. In this process, starch is normally used as a depressant and amine as a 
collector. The main objective of this study was to compare the starch with different alternatives of biopolymers. Such 
depressant was developed in the US Patent granted at number 9,421,556 named XMC. The best XMC produced in 
this work (XMC SB) shown iron content at tails fraction (RJ) and at concentrate fraction (CO) of 39.4% and 67.2%, 
respectively while starch shows 36.5% and 67.3%, respectively, at the same SiO2 level. Additionally, mass recovery was 
63.3% and 65.0%, respectively for XMC SB and starch, and metallic recovery were 75.2% and 79.0%, respectively for 
XMC SB and starch. Therefore, the major advantage of XMC as iron ore depressant will be regard its sustainability.

Keywords: Selectivity, flotation process, sustainable depressant, iron ore products.

1. INTRODUCTION AND OBJECTIVES

Iron ore pellet feed is an important upgraded product, 
agglomerated as a pellet material, which is used as raw material 
in steel manufacturing. In order to meet the specifications of 
the blast furnace process for steel production regarding trace 
elements content, upgrading steps are required (Souza Pinto 
et al., 2021). Among others steps, flotation has been essential 
for intermediate and low-grade iron ore upgrading prior to 
agglomeration. 

In over half a century’s practice in the iron ore industry, 
froth flotation has been established as an efficient method to 
remove impurities from iron ore. Most of the Brazilian pellets 
feed production sites use the reverse cationic froth flotation as 
the benchmark process to deal with the iron ore quality variation 
and to efficiently remove the main contaminants named gangue 
(Aguiar et al., 2017). The flotation process can be direct, when 
iron oxides are floated, or reverse, when the silica gangue is 
floated (Stapelfeldt and Lima, 2001; Nascimento, 2010).

According to Rabockai (1979), flotation consists of making 
a material of a hydrophobic nature float on a liquid phase, while 
the material of a hydrophilic nature is deposited at the bottom of 
the container. The suspension is stirred or air bubbled through 
it. The hydrophobic particles adhere to the bubbles which 
transport them to the surface of the suspension. It is necessary 
to form a stable foam, which is obtained through the action of 
reagents known as foaming agents, which reduce the surface 
tension at the liquid/air interface, among other characteristics.

The flotation system includes many interrelated 
parameters, for example, chemical components (collectors, 
frothers, activators, depressants and chemicals for pH control), 
equipment components (cell design, agitation, air flow, 
cell bank configuration, cell bank control) and operation 
components (feed rate, mineralogy, particle size, pulp density, 
temperature). Because of the interrelationship between these 
factors, the study of each parameter in an isolated manner is 
very difficult, since the variation of one component can alter 
the conditions of the others (Kawatra, 2012). 
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Corn starch is widely used as depressant in reverse cationic 
flotation system of hematite/quartz (Pearse, 2005). But, the 
size of the polymer chain to be used as depressant in the iron 
ore flotation process may be an important parameter for 
the functionality of the polymer.  The use of corn starch in 
reverse flotation may, in the future, harm the food chain of 
the world population, therefore, a substitute for this material, 
which is as efficient as starch, is of great interest XMC can 
be extracted from lignocellulosic material, that is a waste of 
industry, offering for this a prime destination, besides it is 
possible to remove the starch of industrial process partially 
or totally, preserving it for human and animal food chain.

XMC basically consists of xylan, and it is proven that this 
type of carbohydrate is extracted from lignocellulosic material 
through alkaline extractions (Boonchuay et al, 2018; Chen 
et al, 2017; Huang et al., 2008). In US patent 9,421,556 the 
depressant agent is produced by alkaline extraction. By the 
way, alkali pretreatment has also been proposed as promising 
to treat lignocelluloses without impact to the environment 
(Peng et al., 2009). The use of enzymes such as lipase and 
xylanase can improve the extraction of hemicelluloses.

The present investigation deals with the goal of increasing 
metallic recovery values through the improvement of reverse 
cationic flotation process selectivity at a competitive cost. 
Several alternatives were evaluated to refine the XMC material, 
in order to make it more selective, via removal of lipophilic 
substances, lignin and other impurities.

2. MATERIALS AND METHODS

2.1.  Material

The biopolymer used throughout this study was extracted 
from the lignocellulosic material, that is a waste of industry, 
named CL, the samples are differentiated, among other 
features, by the particle size and moisture content. Thus, the 
preparation of samples was carried out differently, according 
to the interest of the study. The iron ore used in experiments 
was obtained from a mine in the Iron Quadrilateral in Minas 
Gerais, Brazil (V), then it was grounded and quartered.

2.2.  Methods

2.2.1. Characterization of lignocellulosic material 
and iron ore

Agro-industrial residue (CL) was characterized in terms 
of extractive content, carbohydrate content (Wallis et al., 
1996), soluble lignin (Goldschmid, 1971), insoluble lignin 

(T222 om-98), total uronic acids (Scott, 1979), acetyl group 
(Solár et al., 1987) and ash content (Tappi 211 om-93). Raw 
ore were characterization by hematite, that was determined 
by titration, quartz and trace elements (Al2O3, P, Mn, TiO2, 
CaO, MgO), that were obtained by hematite subtraction 
(Fe2 * 1.43) and iron loss (100% - Fe2O3 - PPC). Iron ore 
density was determined by the pycnometer method.

2.2.2. Characterization of lignocellulosic material 
lipophilic fraction by GC-MS 

2.2.2.1. Extraction
Air-dried lignocellulosic material samples were extracted 

with acetone for 6 hours using a Soxhlet apparatus following 
the Tappi standard process (T 204 cm-97). The solvent was 
removed under reduced pressure in a rotary evaporator, and 
the extracts were weighed. 

To isolate the lipophilic fraction, the acetone extract 
was redissolved in dichloromethane (3 x 2 mL) and filtered 
off, as described by del Rio et al. (1998). The derivatized 
dichloromethane soluble (lipophilic) residues were analyzed 
by CG-MS, as described below.

2.2.2.2. Derivatization
Aliquots of lipophilic extracts were dissolved in 

pyridine in capped vials followed by the addition of 100 µL 
bis(trimethylsilyl)-trifluoroacetamide (BSTFA) containing 
1% chlorotrimethylsilane (TMSCl). The reaction mixture 
was heated at 70 °C for 30 min. It was then cooled down to 
room temperature before GC-MS analysis.

2.2.2.3. GC-MS analysis
GC-MS analysis was performed on a Shimadzu PQ5050A GC-

MS equipped with an AOC-5000 auto injector and a DB-1 J&W 
capillary column (30 m x 0.25 mm i.d., 0.25 µm film thickness), 
using helium as carrier gas (35 cm/s). The chromatographic 
conditions were as follows: injector temperature 290 °C; oven 
initial temperature 80 °C held for 5 min; temperature rate 4 °C 
/min; final temperature 285 °C held for 40 min. The interface 
temperature was 290 °C and a split ratio of 1:10 was applied. 
The mass detector was operated in the electron impact mode 
(70 eV) with a scan range of 30 to 600 m/z.

For semi-quantitative analysis, the GC-MS equipment was 
calibrated with pure reference compounds, representative of 
the major extractives’ components, relative to hexanedioic 
acid and tetracosane used as internal standards, as already 
described by Freire et al. (2002). The corresponding response 
factors need to obtain correct quantifications calculated as 
an average of GC-MS runs.
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2.2.3. Optimization of alkaline extraction consistency

The consistency was optimized in order to harmonize with 
the industrial conditions related to reactor feed; storage tank 
and final XMC concentration. The extraction was performed 
with 25 g of absolutely dry lignocellulosic material under the 
following conditions: 70 °C; 4 hours, 160 kg of NaOH per ton 
of over dry lignocellulosic material and 10, 15 and 20% of over 
dry biomass consistency. It was done on a thermostatic bath.

At the end of the extraction, the solubilized mass was 
centrifuged (Thermo/IEC CL10) for 5 min and 4000 rpm. 
The XMC extracted was separated from the solid residue, and 
the solid residue was washed with an equivalent of 5 m3 of 
distilled water per ton of dry material and it was centrifuged 
again under the same conditions. The XMCs were evaluated 
by their performance in the flotation test.

2.2.4. Talc in situ removal of XMC lipophilic 
fraction

The extraction with addition of talc (Mg3Si4O10(OH)2) was 
performed with 25g of absolutely dry lignocellulosic material 
under the following conditions:  70 °C; 4 hours, 160 kg of 
NaOH per ton of lignocellulosic material, 10% of consistency 
and 0, 3, 6 and 9 kg of talc per ton of lignocellulosic material. 
Then all the proceedings described in the end of consistency 
optimization were done. The lipophilic content removed by 
the talc was measured by liquid-liquid extraction of the XMC 
applying nonpolar solvent dichloromethane.

2.2.5. XMC extracts treatment with Lipase 

Different charges of lipase (Lipozyme® CALB) were 
tested (3; 5 and 8 kU/g) for 2, 4 and 6 hours of reaction. 
The temperature and pH were kept constant at 45 °C and 7, 
respectively. The enzymatic treatment was performed with 
50 g of absolutely dry lignocellulosic material, under the 
following conditions: 10% of consistency and NaOH charge 
sufficient to maintain pH of 7.

2.2.6. Activation with xylanase enzymes and 
hydrogen peroxide for XMC molecular weight control

For activation with the enzymes (Buckman PE-xx72), a 
charge of 3.5 kU xylanase per gram of XMC was evaluated for 
a reaction period of 8 hours at 60 °C temperature and pH 6. 
The enzymatic treatment was performed with 50 g absolutely 
dry of lignocellulosic material at 10% of consistency.

The extraction with hydrogen peroxide addition was 
performed with 50 g of absolutely dry lignocellulosic material 

under the following conditions: 70 °C; 4 hours, 10% of 
consistency, 160 kg of NaOH and 45 kg of H2O2 per ton of 
lignocellulosic material. 

At the end of the extractions, the XMC was extracted 
by filtering. Then the XMC was stored and the residue 
was washed twice with an equivalent of 4.5 m3 of distilled 
water per ton of dry lignocellulosic material. The fractions 
of XMC (initial XMC and after the wash) were mixed, and 
the generated sample of XMC were centrifuged again and 
directed to the organic solids content and viscosity analysis.  

The viscosity of the XMCs was measured by a Brookfield 
viscometer, model DV-II + Pro LV - Spindle SC4-18 - 25 °C - 
100RPM. The principle of the method is based on measuring 
the torque caused by the rotational movement of a Spindle 
in the fluid for testing. The viscosity is proportional to the 
outflow resistance according with Equation 1:

   (Equation 1)

where
T = Shear stress needed to produce the outflow
n = Viscosity coefficient
dG/dT = Shear rate
The result is expressed in cP viscosity and torque percentage

2.2.7. XMC mass balance

The extraction to obtain XMC Mass Balance was performed 
under the following conditions: 70 °C, 4 hours, 10% of 
consistency and 160 kg of NaOH per ton of lignocellulosic 
material. At the end of the extraction the XMC was diluted 
to 5% consistency and centrifuged for one hour, 4000 rpm 
(2647 x g). Three phases were obtained, F1, F2 and F3.

The F1 phase is the supernatant of the centrifugation 
and, therefore, the soluble fraction named XMC SB. The F2 
is the solid phase which is suspended with the XMC when 
the centrifugation step is not performed. The F3 phase is the 
unreacted residue with NaOH, which, therefore, was not 
solubilized. The three phases, F1, F2 and F3 were directed 
to the organic solids content analysis.

2.2.8. Cationic reverse flotation performance test

The flotation tests were performed in the laboratory 
using a flotation cell: model CFB-1000-E, brand CDC. The 
flotation was performed in a cuba of 1.250 L with addition 
of water which added to the volume of reagents results in 
the consistency predeterminate. Following, the depressant 
agent prepared to 1% was added. The conditioning time was 
5 min; after this time the collector (EDA Amine-C Clariant) 
to 1% conditioned 1 min was added. 
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The flotation was carried out by adding a replenishment 
solution with the same pH of the flotation trying to keep 
the pulp level constant. Then, the procedure for drying the 
residue and the concentrate in an oven at 105 °C for 12 hours 
was carried out. After complete drying, the mass recovery 
was determined. 

Iron ore conditions were 60% of conditioning solids; 40% 
of flotation solids; 1200 rpm conditioning rotations; 1200 
rpm of flotation rotation; and final pH of 10.5. The aliquots 
of the products were sent for XRF chemical analysis.

3. RESULTS AND DISCUSSION

3.1.  Raw material chemical characterization 

3.1.1. Lignocellulosic material

In regard to lignocellulosic CL feedstock, besides the 
major biomass components, such as cellulose, hemicellulose, 
and lignin, there are also minor components, which may 
include protein, starch, ash, organic acids, and other non-
structural materials. Although, individually, these components 
represent only a small raw material fraction, their presence 
may develop a significant pattern in a bio-refinery industrial-
scale operation. The characterization of the lignocellulosic 
CL is described in Table 1.

Table 1. Chemical characterization of lignocellulosic material.

Components Lignocellulosic Material
Composition (%)

Arabinan 11.18
Galactan 2.95
Glucan 30.19
Xylan 16.43

Mannan 0.68
Soluble Lignin 6.80

Insoluble Lignin 3.58
Uronic acid 0.89

Acetyl Groups 1.74
Total Extractives 14.04

Ash 0.89

In general, the lignocellulosic material chemical 
composition obtained in this study is similar to other reported 
characterization (Chanliaud, et al., 1995; Schell, et al., 2004; 
Kálmán, et al., 2006). Hemicelluloses, total lignin, and ash 
contents are in accordance with the range usually experienced.

3.1.2. Iron ore

To evaluate the efficiency of flotation it is necessary to 
know the iron content (Fe2O3) and impurities (SiO3, Al2O3, 
P, Mn, TiO2, CaO, MgO) that composes the iron ore. This 
characterization of the iron ore is described in Table 2.

Table 2. Iron ore characterization by XRF.

Iron ore Fe2O3 (Fe), % SiO2,% Al2O3,% P, % Mn, % TiO2, % CaO,% MgO,% Mass loss (1000 ºC), % Total, %
V 81.8 (57.2) 16.5 0.7 0.04 0.06 0.11 0.02 <0.1 1.0 100.1

Note that iron ore impurities content is mostly composed 
of quartz (SiO2). The other compounds represent less than 1% 
of the impurities.

3.2. Optimization of alkaline extraction 
consistency 

To determine the best consistency, it was varied in 10, 15 and 
20% of biomass over dry, named XMC 1, XMC 2 and XMC 3, 
respectively. After the treatments, the three tests yield were 84.4, 
70.6 and 69.7% for XMC 1, XMC 2 and XMC 3, respectively, 
and the organic solids content were 6.0, 6.6 and 7.7% for XMC 
1, XMC 2 and XMC 3, respectively.

An increase of the organic solids with increasing extraction 
consistency was observed. However, as the yield of extraction is a 
relation of organic solids content with the consistency (liquid volume 
in extraction), the yield decreases as consistency increases. Thus, 
despite the increase in organic solids, this increase is not enough 
to maintain or increase the extraction yield. Because of this, the 
XMC production was done at 10% of dry biomass consistency.

3.3.  Characterization of lignocellulosic 
material lipophilic fraction by GC-MS

A typical GC-MS chromatogram obtained for lignocellulosic 
material CL is shown in Figure 1.
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Figure 1. chromatogram obtained for lignocellulosic material by gas chromatography coupled to mass.

Approximately, about 80 compounds were detected, of 
which alcohols, fatty acids, aromatics, steroids, hydrocarbons 
and carbohydrates stand out. As expected, quantitatively, the 
fatty acids represent 55% of the resulting concentration of 
these compounds present in the sample. 

Under the conditions described for the chromatography 
in the gaseous phase method, the Hexadecanoic acid (627.95 
mg/kg) was the first to be identified. Then, the chromatogram 
showed the cis, cis-9,12-octadecadienoic acid (801.32 mg/
kg), trans-9-Octadecenoic acid (590.64 mg/kg), Octadecanoic 

acid (215.86 mg/kg) and finally the cis-9-Octadecenoic acid 
(138.86 mg/kg), that are similar to the compounds found by 
Pastor et al. (2020) in corn. These results demonstrate that 
the size of the chain fatty acids exerts a greater influence on 
the elution order than the number of unsaturation, ie, lower 
chain, lower chromatographic retention time. 

Figure 2 shows the total concentration of all components 
that compose each identified class, alcohols, fatty acids, 
aromatics, steroids, hydrocarbons, carbohydrates and also 
compounds which were not identified by the library (UD). 
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Figure 2. Distribution of chemical compound classes in corn leave extracts as determined by GC-MS. Al = alcohols, FA = fatty acids,  
Ar = aromatic, Es = esteroids, HC = Hydrocarbons, CI = carbohydrates, UD = unidentified.

3.4. In situ removal of XMC lipophilic fraction 
with talc

The addition of talc in the alkaline extraction step is an 
alternative to decrease the content of the lipophilic materials in 
the XMC. The samples were named as 4, 5 and 6, respectively, 

XMC SB + 3 kg/t of talc, XMC SB + 6 kg/t of talc + XMC SB 
and 9 kg/t of talc. The solids content and yield results were 
about 4.0 % of solids content for all the samples, and the 
sample with 9 kg/t of talc (6) had the less solid content, about 
3.8 % and yield was about 74.3 % for the control sample (1), 
73.6, 70.2 and 68.4 % for 4, 5 and 6, respectively. 
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It was no surprise that the addition of talc slightly decreased 
the organic solids content, since the lipophilic fraction was 
being removed. However, the talc charge of 9 kg per ton of 
lignocellulosic material reduces the yield considerably.  This 
observation indicates a need for further studies aimed at 
understanding this behavior. 

A way of evaluating the lipophilic removal is by quantifying 
the content of such materials in the lignocellulosic raw material, 
and also in the components of the alkaline extraction. The 
lipophilic substances percentage were 21.5, 16.2, 12.8, 10.2 
% for samples 1, 4, 5 and 6, respectively, and the wastes for 
these same samples were, respectively, 78.2, 82.5, 89.4 and 92.8 
%, with a total around 100 %, showing a close mass balance. 

The content of lipophilic substances in XMC decreased 
from 21.5%, in the reference, to 10.2% in the XMC with talc 

addition of 9 kg per ton of lignocellulosic material (6). This 
decrease was accompanied by the increase in the lipophilic 
material concentration present in the waste. With the purpose 
of certifying the influence of lipophilic substances present in 
the XMC, the flotation with XMC 1 and XMCs 4 through 6 was 
performed. The results are presented on Table 3. The results 
concerning iron and silica content in the residue (RJ) and in 
the concentrate (CO), mass recovery, and metallic recovery.

The results of Table 3 indicate that the addition of talc 
hindered the flotation performance, which leads to the 
conclusion that the lipophilic fraction removed by the talc, 
was not being prejudicial to the process and that a new 
method of lipophilic removal must be evaluated. Hence, 
a lipase enzyme was evaluated in order to decrease XMC 
lipophilic content.

Table 3. Effect of lipophilic substances content on XMC flotation performance.

XMC
Depressant 

dosage
(g/t)

EDA dosage
(g/t) pH

Fe 
CO
(%)

Fe 
RJ 

(%)

SiO2 CO 
(%)

SiO2 RJ 
(%)

Massic Rec. 
(%)

Metallic Rec. 
(%)

1

400 60 10.5

67.2 39.4 2.5 41.4 63.3 75.2
4 66.6 43.8 3.0 35.3 57.2 68.5
5 66.7 42.7 2.7 36.7 58.8 70.4
6 66.9 43.3 2.6 35.6 56.8 68.9

Starch 800 60 10.5 67.3 36.5 2.4 44.4 65.0 79.0
Original Material (Costumer V) 57.2 16.5 - -

XMC 1: XMC SB; XMC 4: XMC SB + 3 kg/t talc; XMC 5: XMC SB + 6 kg/t talc; XMC 6: XMC SB + 9 kg/t talc

3.5. XMC extracts treatment with Lipase for 
lipophilic materials removal

The lipase enzyme acts as a pre-treatment before the 
alkaline extraction phase and has the same role as talc, which 
is to remove the lipophilic fraction present in the XMC. The 
percentages of the lipophilic substances present in the XMC 
without any treatment (test 1) and with lipase action (tests 
7 - 15) are presented in Table 4.

The pretreatment that provided greater lipophilic reduction 
was when a lipase charge equal to 8 kU/g and 6 hours of 
reaction was used. Therefore, the flotation tests were done in 
XMC samples in all enzyme charge for 6 hours reaction time. 
The results are shown in Table 5. The results concerning iron 
and silica content in the residue (RJ) and in the concentrate 
(CO), mass recovery, and metallic recovery.

The results of Table 5 indicate that the addition of lipase 
did not influence the performance of flotation, which leads to 

the conclusion that the lipophilic fraction, which had lipase 
removed, was not detrimental to the process and that a new 
lipophilic removal method must be evaluated.

Table 4. Lipophilic fraction present in the XMC before and after 
pre-treatment with lipase.

ID Samples Lipophilic XMC, %

1 SB 21.5
7 L3 – 2 11.6
8 L3 – 4 9.9
9 L3 – 6 9.3

10 L5 – 2 7.8
11 L5 – 4 7.2
12 L5 – 6 6.1
13 L8 – 2 7.5
14 L8 – 4 5.8
15 L8 – 6 4.9

Lx – y, where x is Lipase charge in kU/g and y is the lipase reaction time.
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Table 5. Effect of the Lipase dosage associated to its performance in flotation.

XMC Depressant dosage 
(g/t)

EDA dosage
(g/t) pH Fe 

CO (%)
Fe 

RJ (%)
SiO2 CO 

(%)
SiO2 RJ 

(%)
Massic 

Rec. (%)
Metallic Rec. 

(%)

1

400 60 10.5

67.2 39.4 2.5 41.4 63.3 75.2

9 66.9 42.0 2.7 37.9 59.8 71.4

12 66.8 40.6 2.4 39.5 61.7 74.0

15 66.5 39.3 2.8 41.4 62.7 76.4

Starch 800 60 10.5 67.3 36.5 2.4 44.4 65.0 79.0

Original Material (Costumer V) 57.2 16.5 - -
XMC 1: XMC SB; XMC 9: XMC SB + Lipase 3 kg/t; XMC 12: XMC SB + Lipase 5 kg/t; XMC 15: XMC SB + Lipase 8 kg/t

3.6. Lignocellulosic material activation with 
xylanase enzymes and hydrogen peroxide

The xylanase enzyme applied as a pre-treatment before 
the alkaline extraction phase has the same goal as hydrogen 
peroxide treatment, which is decreasing XMC molecular 
weight. The decrease in the molecular weight was measured 
by following the XMC viscosity behavior.

According to the results it was possible to affirm that the 
hydrogen peroxide (test 17: 6.3 cP) was more effective in 
reducing the viscosity, or molecular weight, than the xylanase 
enzyme (test 16: 10.2 cP), and both showed an efficient 
reduction comparing with the sample control (test 1: 11.8 cP). 
The flotation performance is shown in Table 6. The results 
concerning iron and silica content in the residue (RJ) and in 
the concentrate (CO), mass recovery, and metallic recovery.

Table 6. Effect of adding the xylanase and hydrogen peroxide on XMC flotation performance.

XMC Depressant 
dosage (g/t)

EDA
dosage

(g/t)
pH

Fe 
CO 
(%)

Fe 
RJ 

(%)

SiO2 
CO 
(%)

SiO2 
RJ 

(%)

Massic Rec. 
(%)

Metallic Rec.
(%)

1
400 60 10.5

67.2 39.4 2.5 41.4 63.3 75.2
16 65.7 36.1 4.7 46.1 70.9 81.9
17 65.7 34.4 4.2 48.5 71.7 83.5

Starch 800 60 10.5 67.3 36.5 2.4 44.4 65.0 79.0
Original Material (Costumer V) 57.2 16.5 - -

XMC 1: XMC SB; XMC 16: Pre-treatment with xylanase – XMC SB; XMC 17: XMC SB + 45 kg/t of H2O2

The use of the xylanase as a pretreatment to the alkaline 
extraction and XMC production led to a reduction of the 
iron content in the concentrate and also an increase in the 
concentrated silica. However, the weight and metal recovery 
were higher when compared to the reference (XMC 1) and the 
starch. The behavior of XMC with added hydrogen peroxide 
was similar to the xylanase.

Both parameters reached XMC’s produced above the 
starch. However, further studies are required to complete 
more clearly the performance of these XMC’s.

3.7. XMC mass balance

The mass balance was performed to determine the percentage 
of fractions (F1, F2 and F3) present in the lignocellulosic 
material CL. Also, to evaluate each one of the fractions regarding 

their flotation performances. According to the results it is 
interesting to observe that the mass balance reached 100.1% 
of mass recovery. Fraction F1 (49.7 %) is the soluble part 
(supernatant), which is the XMC SB. The fractions F2 (27.1 %) 
and F3 (23.3%) are the precipitate of the centrifugation. The 
F2 was characterized as the XMC part in suspension that can 
be separated using centrifugation. The F3 is the material that 
was not made soluble during the alkaline extraction.  

The next step was to evaluate the impact of each of 
these fractions on the flotation performance. The results are 
presented in Table 7. The results concerning iron and silica 
content in the residue (RJ) and in the concentrate (CO), mass 
recovery, and metallic recovery.

According to Table 7, the flotation performance for 
fractions F2, F3 and F2 added to F1 were inferior to the XMC 
SB suggesting that these tests are not significant. 
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Table 7. Flotation performance of the Mass Balance different fractions.

ID
Depressant 

dosage 
(g/t)

EDA 
dosage  
 (g/t)

pH Fe CO 
(%)

Fe RJ 
(%)

SiO2 CO 
(%)

SiO2 RJ 
(%)

Massic 
Rec. (%)

Metallic  
Rec. 
(%)

XMC SB

400 60 10.5

67.2 39.4 2.5 41.4 63.3 75.2
F1 66.8 39.9 2.6 40.7 63.1 75.2
F2 66.4 46.3 3.0 32.2 52.6 63.0
F3 66.1 45.2 2.9 33.7 54.6 66.1

F1+F2 66.6 43.2 2.8 36.3 58.9 69.6
Starch 800 60 10.5 67.3 36.5 2.4 44.4 65.0 79.0

Original Material (Costumer V) 57.2 16.5 - -
Condition: Rotation per minute equal to 1200

4. CONCLUSIONS

Iron ore materials have different chemical compositions. 
Because of this variety, it was concluded that there would 
always be a need for optimization for each ore working 
provided by the mining company. According to this work, 
it was possible to identify some of the points needed to 
produce a XMC, with high performance depressant for iron 
ore flotation. The addition of talc as an additive to the alkaline 
extraction step or the performance of a pretreatment with 
lipase in order to remove fatty acids from XMC SB, did not 
improve the performance of XMC as depressant for iron ore 
flotation process. The use of the xylanase as a pretreatment 
to the alkaline extraction, at the XMC production led to a 
reduction of the iron content in the concentrate and also a 
silica increases in the concentrated. However, the massic and 
metallic recovery were higher when compared to XMC SB 
and to starch. The behavior of XMC treated with hydrogen 
peroxide was similar to the XMC treated with xylanase. 
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