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Abstract. In 2015 and 2019, Brazil witnessed two accidents of rupture of iron mining dams (in the Brumadinho and Mariana
districts), causing environmental and social damages. Among the principal causes of ruptures, are dams where the water volume
accumulates in these systems. Water accumulated in tailings dams can be recuperated to reuse or discharged on rivers, but for this,
it is necessary for previous treatment. The current methods developed to degrade ether amine flotation reactants consume additional
reactants as Fe ions or yet can take 28 days to achieve satisfactory results as in biodegradation. The heterogeneous Fenton can be an
alternative that uses the iron already available in mining wastewaters This study used Fenton heterogeneous to investigate the
degradation of an ether amine flotation reactant present in wastewaters from iron mining operations. For this, Fe ore from the mining
industry was used as the catalyst. The catalyst was characterized by x-ray diffraction (XRD), and Fenton tests were conducted to
evaluate the influence of H,O, (0.5g.L™* — 6.3g.L™!) and ore concentrations (0.7g.L™* — 14g.L™) on degradation. The influence of Fe
leached on the solution was also evaluated. The monitorization of the reaction was done by total organic concentration (TOC), iron
concentration with atomic absorption (AA), and ether amine by bromocresol green method. The results showed that Fe ore could be
used as Fenton heterogeneous catalyst degrading 96% of ether amine in 240 minutes, and with this, the technique could be explored
to be applied to real wastewater treatments in mining operations.

Keywords: Ether amine degradation; Heterogeneous Fenton; lIron ore; Flotation reactants; Mining Wastewater,
Wastewater Treatment.

1 Introduction

The treatment of iron ores is a process that generates thousands of residues and consumes thousands of tons of
water. For example, the Yuanjiacun iron mine generates 400 thousand m?® of wastewater [1]. The result of the generation
of this waste is tailings dams. A preoccupation with dams only increased over the years but was intensified after the
accidents of dam ruptures in Mariana (2015) (discharging 50-60 million m® of mud in Doce River) and in Brumadinho
(2019) (15 million of m* of mud), in Brazil. Now efforts have been made to eliminate them [2,3]. The flotation process
is an ore concentration step, which requires using around 50-85% of water in the feed pulp. With that, it becomes a step
that consumes hundreds of m® of water[4,5]. An alternative to turning this process more environmental and in line with
the circular economy is the reuse of internal water in the process and from tailings dams [6,7].

Water recycling and reuse may involve complications such as, for example, carrying organics reminiscent of
partially degraded originating from the flotation stage that will impact the recovery and concentration of certain ores.
Some researchers observed this effect in beneficiation plants to separate copper, zinc, iron, quartz, potassium, and lead
ores [8]. With that, an alternative for continuous reuse of this water would be the use of pre-treatment. Several studies
in the literature explore this performance drop in concentration by flotation, where, for example, residual xanthates that
increase the hydrophobicity of fsulfide minerals [9-11], residual sulfides (used as depressants) which can depress
unwanted minerals [12], metal ions and alkaline earth metals that cause deactivation or activation of unwanted minerals
phases [5]. Other effects are observed in non-sulfidesulfidesulfide ores; residuals from carboxylated collectors and alkyl
sulfates that increase the surface activity of ores in flotation, activating non-sulfidesulfide and sulfide ores, making
separation impossible; residuals from primary amines that activate mud, reducing the grade of the concentrated ore,
residuals of oleate (used in the flotation of carbonates) that cause the flotation of silicates with pyrochlore [7,13-15].
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On the other hand, wastewater contaminated with these reagents must meet standards for the water to be returned
to nature, whereas in Canada, it may be required that the effluent be contaminated below LCs, for Daphnia Magna and
Rainbow Trout [16] which can be pretty low levels. For example, the ether amine surfactant has an LCs of 6.8mg.L"*
for the first[17]. Therefore, treating effluents is necessary to remove toxic species that pose a risk to the environment.
Numerous studies in literature view biodegradation[18], adsorption[19], ozonization[20], Fenton, and photo-
Fenton[21,22], photolysis[23] and electrolysis[24] are effectivies in treat this type of contaminants.

Ether amines surfactants can degrade completely through bioprocess with bacteria that have naturally in iron dams,
but this process takes 28 days[18,25,26]. Still, there are no studies that prove that they are led to complete degradation
and achieve a mineralization state (reduce organic substances to CO,, water, and inert salts)[18,27,28] requires in situ
generation of ozone gas which requires electricity and operation expenses, and the adsorption mitigates the pollutant to
a secondary source contaminated requiring properly discharge.[26,29]

The advanced oxidative processes/technologies (AOP/AQTS) as ozonation have attracted the attention considering
their high kinetic degradation rate better than biological processes, and their capacity to remove traces of recalcitrant
organics. AOPs are based on redox reactions that generate hydroxyl radical (HO-) and reactive oxygen species (ROS) as
oxidants, and the generation of secondary wastes is mitigated using proper settings (Miklos et al., 2018; Zhang et al.,
2019).

The Fenton is a type of AOP process are based (Equation 1 and 2) that consists of the interaction of iron ions and
hydrogen peroxide in an acid medium. The Fenton reaction was observed by Henry J. Fenton in 1894, and it has been
employed in water treatment processes over the years to remove recalcitrant organic substances. This process has been
improved continuously, and it is currently not limited to the use of Fe, but other transition metals and materials as
catalysts such as Al, Ce, Ru, Co, Cu, Cr, metal oxides, materials as polyoxometalates [30].

Fe** + H,0, — Fe** + OH + HO (ki= 63-76 M.s) (1)
Fe** + H,0, — Fe** + HO- + H* (k2=0.001-0.01 M1s?) ()

The utilization of a variety of metals as a catalyst to degrade surfactants or contaminants confers an advantage to
the utilization of the Fenton process to treat mining wastewater due to the high metal content present in these effluents.
In this way, the additional cost of catalysts is avoided. The homogeneous Fenton reaction occurs only with one soluble
phase, but the sludge formation is a problem that is necessary to remediate which requires additional treatments to remove the
solid. This occurs due to the Fe?* that is oxidized to Fe**[31]. Through this, alternatives such as the utilization of solid
catalysts with heterogeneous route an effort done by researchers. The solids used as catalysts have a large variety and
various degrees of development, such as zeolites, composites[32], graphene, clays, pillaredclays[33], nanoparticules[22],
metal oxides, and natural minerals[34]. The exact mechanism of heterogeneous Fenton reactions is not completely
understood, and in most cases, the homogeneous Fenton confers higher mineralization[35]. Although some authors
defend that the reaction occurs only on the surface of the catalysts, there are those defend that the reaction occurs only
due to the metal leaching observed. Still, it is currently attributed that the most stable catalysts or those that do not
have any leaching are the most indicated [36].

Therefore, the present study aims at evaluating the utilization of ore from a mining company as a Fe source in a
heterogeneous Fenton reaction to degrade the ether amine collector.

2 Materials And Methods

The reagents used were acid oxalic dihydrate (98%, Sigma Aldrich), H.O, (29%, Sigma Aldrich), flotation ether
amine commercial surfactant (Flotigam EDA-C, Clariant). Solutions of NaOH 8M (98%, Synth) and H,SO, 2M (98%,
Synth) were used for pH control. Potential and pH were measured using pH and ORP equipment at Hanna Instruments.
The Fe ore was acquired from Brazilian mining located in Minas Gerais state, Quadrilatero Ferrifero region. The study
was divided into three parts: characterization, control tests, and Fenton reaction.
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The ore was characterized by x-ray diffraction (XRD) using Rigaku MiniFlex300 with Cu-Ko incident radiation
(A=1,54 A) and equipped with a graphite monochromator and nickel filter. On tests, the degradation was monitored
quantifying the concentrations of iron leach every 30 minutes through Atomic Absorption Spectrophotometer Shimadzu,
and the total organic carbon (TOC) was measured using TOC-L Shimadzu equipment. The ether amine concentration was
determined by the bromocresol green method [37].

All tests were conducted in an orbital shaker in Erlenmeyer’s, using 250mL of solution at 240 rpm, 21°C, pH
controlled and adjusted in 2.8. The control tests evaluated the influence of adsorption of Ox and ether amine molecules
by ore using the concentrations of 180mg.L* of Flotigam, 18.8 g.L* of Ox with 1.4 g.L* and 14 g.L* of ore. The same
conditions were used to evaluate the degradation on Fenton tests in different concentrations of H,O, (0.5 g.Lt- 6.3g.L™) and Fe
ore (0.7 g.L?, 1.4 gL and 14g.L%). Lastly, a comparison was done using the same proportions of pure hematite reactant and
FeS04.7H,0 (I1) (both from Sigma Aldrich) in place of real ore.

3 Results and discussions
3.1 Iron characterization

The iron ore sample used in this study is composed of fractions of hematite and goethite confirmed in the
diffractogram of Fig. 1 with the characteristic peaks obtained. Hematite has a structure of the Fe** oxide (a-Fe203) and

goethite are a hydrated oxide (a-FeOOH). It could be noted that the phases of both iron oxides presented relativelythe
same proportion.

— N

1 Hematite

2 Goethite

Fig. 1: X-ray diffractogram of the iron ore concentrate sample.

3.2 Control Tests
The control tests evaluated the iron that was leached to the solution by the iron ore and the adsorption in Fig. 2 and
Error! Reference source not found..

=—14gL"
e 14glL"

a) 4000+ b)
35003 -eng e . ® '

R = Wi *

3004
£25004
O o
53
£ 2000 b=
C £ 154
é 1500 - &

Fig. 2: TOC and Fe leached concentration in control tests that used 1.4g.L™* iron ore and 18.8 g.L"* of Ox.
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The results show that the iron ore concentration influences the TOC and the Fe in the solution. The C204H, (Ox) in
pH between 2.5-4 will be predominant at the specie HC,O4 interacting with the solid surface ore forming Fe3*Oxs* and
Fe?*Ox.? species where the Ox was higher than 0.1 M. However, as far as the Fe species goes to the solution, the pH
decreases turning more acid, and the Ox below pH 1.2 turns out to be stable stopping the leaching reaction. These occur
after 150 minutes in Fig.1 b) where the Fe leaching achieves more stability [38].

The TOC was not present a significant difference when the ore concentration in the solution was increased.

3.3 Fenton tests

The influence of H,O, and Fe ore concentration on degradation are presented in Fig. 3. The increase on the
concentrations of H>O- on the Fenton reaction does not represent a significative difference on mineralization results, but
it was noted the growth of TOC removal from solution achieved the higher result in 3.5 g.L™ H,O, concentration and
amounts above of this decrease the efficiency. Comparatively, the increase in Fe ore concentration was more
significative in degradation.
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Fig. 3: Influence of mineralization in different a) H.O, (using 1.4 mg.L*iron ore) and b) Fe ore (with 2.5 g.L* H,0;,) and
18.8mg.L Ox.

The difference observed in TOC removal is evidence that the Fenton reaction occurred producing HO- radicals
capable to promote oxidation of the organic matrix of the solution. The absence of significative influence of the H,0;
concentration is appointed by various studies of the Fenton process that reinforce the scavenger effect that occurred
when this reactant is present in excess. The H,O, can react with HO. species on a solution faster than with Fe ions
available (Equations 4 and 5) decreasing the degradation efficiency [31,39]. On the other side, the 1:1 stoichiometry of
mineralization is not always obeyed considering that the radicals’ species on Fenton reactions can also be originated by
other mechanisms that occur in parallel (Equations 6) [21].

'OH + H,0, » HOO" + H,0 (4)
'OH + HOO" > H,0 + 0, (5)
'0H + OH - H,0, (6)

The heterogeneous Fenton can follow different mechanisms to occur; on the mineral catalyst surface depending on
the H,O, capable to be adsorbed and can be governed by the homogeneous route. Yet, the process can start on the catalyst
surface and continue in the bulk solution. Although the hematite species has been considered thermodynamically stable,
it was seen that the Fe leaching to solution occurs in the presence of O, then the Fenton reaction could be occurred by
mainly the homogeneous route. The concentration of the Fe leached to the solution with the H,O, concentration increase
isin

Fig. 4.
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During the heterogeneous reaction, the Fe was leached to the reaction until 60 minutes when the 2.5 g.L* of H0,
was used, but in higher H20- concentrations minimal Fe concentrations were obtained reflecting that when the Fe achieve
maximum concentrations in solution, higher TOC removal rates were obtained[36].
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Fig. 4: Fe leached from ore in different concentrations of H,O, and using 1.4 g.L* of catalyst and 18.8 g.L! Ox.

3.4 Fenton degradation compared different Fe sources.
The degradation results when different sources of iron were used are in Fig. 5. The utilization of pure hematite
presented a low difference in the ore utilized with could be attributed to the structure differences when a pure reactant

is used as the same granulometry size and the absence of various Fe phases that can interfere on the interaction between
molecules presents on the solution [34].
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Fig. 5: TOC removal and amine degradation in different iron sources (iron ore, pure hematite, and the same concentration of ore
with FeSQ,) in 2.5 g.L ! H,0; and 18.8 g.L*Ox.

The utilization of the mixture of FeSO4 with Fe ore resulted in a difference from 12% of mineralization to 64%
which indicates again that the main process occurs via a homogenous phase. However, the amine degradation on all tests
obtained more than 70% amine degradation, and 96% of the amine collector was degraded in the presence of the pure
hematite reactant. This shows that the amine has preference by the heterogeneous degradation indicative that the reaction
occurred by both routes. The mixture of FeSO4 with Fe ore can decrease the FeSO,4 reactant consumption in future
studies. It could be observed through an ether amine degradation study by homogenous Fenton that uses FeSO4alone on
the tests, in this research the better result was 30% TOC removal using 2.23g.L* of Fe?* and 2.7 g.L ! of H,O,. In this
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way, the heterogenous dopped with FeSO. achieve a higher result of mineralization using lower concentrations of
catalyst.

On the other side, the degradation of amine in the heterogeneous Fenton which takes 240 minutes to achieve 96%
is faster than the biodegradation process which takes 1 day to achieve a similar result to degrade a solution with 10mg.L™*
of the contaminant[18]. In the view to transform the process of amine degradation faster mainly in tailings dams the
combination of both wastewater treatments could be an alternative.

4 Conclusion

After analyzed the results and discussions obtained were possible to conclude that the heterogeneous Fenton
reaction could be applied to degrade ether amine flotation surfactant using Fe ore as a catalyst. Around this, the better
mineralization result was obtained using 18.8g.L™* Ox, 2.5 g.L%, 2.5 g.L"* H,02 and 1.4 g.L ! FeSO, with 11.4g.L™ of Fe
ore resulting in 64% TOC removal and 86% amine degradation. For ether amine degradation the better result was 96%
and 12% TOC removal. The Fenton reaction occurred on the catalyst surface, but mainly by the Fe leached to the
solution. Also, the results of degradation obtained were higher than the other treatments studied such as biodegradation.
As future studies are recommended to investigate the degradation of amine using a combination of FeSO4and Fe ore
with the finality to decrease the reactants consumption and the association of Fenton with biodegradation.
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