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ABSTRACT
There are few studies oriented to analyze the interaction between the variables of the stripping process of actual leaching solutions. The aim of this work was to study the effect of temperature and the percent of organic phase in the stripping pseudo-emulsion (D2EPHA and kerosene) on the manganese stripping process. Other studied variables were the
acid concentration (H2SO4) in the aqueous phase, the percent of the organic phase in the pseudo-emulsion and the number of stripping stages. This information may be of interest to countries with radical temperature variations. It was discovered that in the range of 10˚C to 50˚C, temperature improves the depletion of manganese from the D2EPHA. Additionally, the percent of the organic phase should be less than 90% by volume of the pseudo-emulsion to favour the
manganese exchange. Moreover, the H2SO4 concentration in the aqueous phase should be less than 1 M to avoid
chemical instability of the organic phase.
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1. Introduction
In the last few years, the world demand for manganese
has increased due to steel production, primarily in China.
The steelmaking industry consumes between 85% and
90% of the world’s manganese production [1]. The electronic industry also consumes a large quantity of manganese (Mn) in the form of electrolytic- and chemicalgrade of manganese dioxide (EMD and CMD), for producing disposable and rechargeable batteries. Currently,
the growing market of mobile communications has significantly increased the demand for batteries and consequently, for EMDs.
This growing demand for manganese makes low-grade
ore processing an important alterative, with hydrometallurgy being the more profitable approach for this type of
processing. One of the more recently developed processes for leaching low-grade manganese ore is reductive
leaching in a stirred reactor, using SO2 gas [2], followed
by solvent extraction, stripping and electrowinning.
The elimination of manganese impurities from leach
liquors of other metals is the most common objective of
solvent extraction studies of manganese, but there are
few studies on solvent extraction and stripping to concentrate the manganese that is present in the leachate
obtained by SO2 leaching of low-grade pyrolusite ores
Copyright © 2012 SciRes.

[3-5]. Stripping manganese from solvent-extractant solutions is considered a simple process and maybe this is the
explanation why there are few studies that analyse the
interaction of the process variables to optimise the stripping process. The scope of this work was to study the
effect of temperature, acid concentration (H2SO4) in the
aqueous phase, the percent of the organic phase in the
pseudo-emulsion and the number of stripping stages on
the extractant depletion. This paper may be of interest to
operators of manganese stripping processes in plants
where a dynamic range of operating temperatures exists.

2. Background
Solvent extraction is used to separate a component from
a homogeneous solution by adding a second solvent that
is immiscible in the first solvent and creates a solute distribution between the two phases. Extractant di-2 ethyl
hexyl phosphoric acid (D2EHPA) dissolved in kerosene
is the organic solution most frequently used in manganese extraction from an aqueous leach liquor [6]. Once
the organic phase is manganese-enriched from the solvent extraction process, the next stage involves reversing
the reaction to obtain a concentrated and acidified aqueous solution of manganese (stripping). The final concentrated manganese solution helps to increase the efficiency
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of the subsequent electrowinning process. Because stripping is the inverse process of solvent extraction, and according to Sato and Nakamura [6], extraction with D2EHPA
is governed by a cationic mechanism, the stripping process may be described by Equation (1).
MRn  nH   M n   nHR

(1)

where M is the metal, HR is the D2EHPA in the organic
phase and MR is the metal-organic complex in the organic solution. It should be noted that after stripping the
manganese, the organic (solvent and extractant) and the
aqueous phases are recycled to achieve both economic
and environmental targets [7]. Several studies also report
using a sulphuric acid solution to separate metals from
the loaded organic phase [8-10]. Hossain et al. [11] performed manganese stripping in a batch process (H2SO4,
shaking speed of 300 rpm and temperature of 25˚C, for a
period of 2 h), founding that 100% of Mn was stripped
using a 0.4 M H2SO4 solution in a single stage process,
and higher concentrations did not provide any additional
benefit. Agatzini-Leonardou [12] studied the strippability
of Mn(II) from Cyanex 272 into an aqueous solution
containing 0.76 M sulphuric acid, reaching manganese
recoveries of 99% with diluted sulphuric acid and two
stripping stages.
In other studies conducted by Saeed et al. [13] using
liquid membrane extraction, the authors analysed the
effect of the concentration of H2SO4 and FeSO4 in the
stripping solution using concentrations from 0.25 M to
0.75 M and 1.58 × 10−3 mol/dm3 to 11.1 × 10−3 mol/dm3,
respectively, maintaining a feed concentration of 1.82 ×
10−3 mol/dm3 manganese ions in a 1 M H2SO4 solution.
The authors conclude that by increasing the H2SO4 concentration from 0.25 M to 0.50 M, the extraction of
Mn(II) ions also increases. Beyond this concentration of
H2SO4, the extraction of Mn(II) ions decreases. Additionally, as the concentration of ferrous ions in the stripping phase increases gradually, the dissociation of the
(C2H4OH)3NHMnO4 complex by a redox reaction at the
membrane interface is enhanced, and Mn(II) ions are
released into the stripping phase.
Cheng [14] conducted another study to improve the
nickel, cobalt and manganese stripping kinetics, adding
TBP (tri-n-butyl-phosphate) in a V10 (tertiary carboxylic
acid)/L63 (an α-hydroxyoxime) system. Stripping tests
were conducted using the loaded Versatic 10/LIX63/TBP
system containing 2.25 g/L Ni, 0.112 g/L Co and 0.033
g/L Mn. Additionally, a synthetic spent-nickel electrolyte
containing 6 g/L Ni and 7 g/L sulphuric acid was added
to the system at an organic:aqueous (O:A) ratio of 1:1 at
40˚C to mimic an operation with a strip solution containing 60 g/L nickel and 70 g/L sulphuric acid at an O:A
ratio of 10:1. The authors observed rapid stripping kinetics for the three metals. After 2 min of mixing, the stripCopyright © 2012 SciRes.

ping efficiencies of nickel, cobalt and manganese were
92%, 98% and 99%, respectively.

3. Experimental Procedure
3.1. Leaching and Solvent Extraction
Manganese dissolution was conducted by reductive leaching of the pyrolusite mineral (d10 = 38 µm) using SO2 gas.
The elemental analysis of the ore was conducted using
X-ray fluorescence (%, w/w): Mn (18.80), Fe (12.81), Si
(23.83), Al (1.18), Ba (1.11), Ca (0.59) and O (42). Based
on this analysis and on the stoichiometry of the oxidised
species, a mineralogical composition was estimated (%,
w/w): MnO2 (28.78), Fe2O3 (17.72), SiO2 (49.33), Al2O3
(2.15), BaO (1.19) and CaO (0.79). Notably, these results
are in qualitative agreement with the results obtained
using X-ray diffraction. The leaching process was performed in a 2 L reactor operated in batch mode. The reactor was properly equipped to measure and control the
temperature, pH, mixing rate and SO2 gas flow fed to the
reactor. The leaching process was performed at 60˚C and
a stir speed of 800 rpm for 120 minutes in 1600 mL of
pulp and 0.096 mL/s of SO2 gas. The process yielded
90% Mn and 0.17% Fe, which was present as a solute in
the leach liquor. The insufficient Fe dissolution likely
occurred because most of the Fe was occluded into quartz
particles. Thus, the manganese concentration in the leach
liquor was close to 0.085 M. After the leaching, the liquor was separated from the solids by filtration.
Considering that the selectivity of the extractants for
the ions of interest is Fe(II), Fe(III) > Mn(II), it was necessary to eliminate the Fe impurities from the leach solution prior to the extraction stage. To precipitate the Fe
impurities, the pH was increased to 7.2 with 5 M NH4OH,
carefully avoiding the co-precipitation of Mn(II), which
occurs when the pH is above 8.2. Initially, the leaching
solution contained 5520 ppm of Mn and 85.04 ppm of Fe.
After the precipitation of Fe(OH)2, the iron content
dropped to approximately 0.03 ppm, and only a relatively
small fraction (7.34%) of Mn(II) precipitated with the
iron. Table 1 shows the chemical analysis of the purified
leached solution, which includes low contents of other
metals.
Table 1. Chemical analysis of the leach liquor before and
after the precipitation of Fe(OH)2.
Element
Mn
Fe
Zn
Cd
Cu
Mg
Co
Ni

Before purification (ppm)
5520
85.04
2.79
<0.003
1.36
21.65
0.246
1.04

After purification (ppm)
5115
0.020
0.166
<0.003
0.08
21.08
0.1
0.529

ENG

725

J. C. ROJAS-MONTES ET AL.

For the solvent extraction, the organic solution was
prepared by diluting the extractant in kerosene with a
D2EHPA:kerosene proportion of 1:9 by volume. The
organic and aqueous (leaching purified liquor) solutions
were mixed in a 2 L reactor for 5 minutes, keeping a ratio
O:A of 2. It was used five minutes to assure a good metal
exchange, even when it has been reported that a mixing
time of one minute is sufficient for this type of solvent
extractions [15]. After each extraction stage, the mixture
was left to stand for 15 minutes, permitting the complete
separation of the phases, to adjust the pH of the aqueous
solution. Notably, this procedure was conducted five
times (i.e., five extraction stages). Before and after each
extraction stage, the pH of the aqueous phase was measured and eventually adjusted between 8 and 8.5 with a 1
M NH4OH solution. After the five extraction stages, the
organic phase passed to the stripping process, and a sample of the aqueous solution was withdrawn for chemical
analysis in order to estimate the manganese recovered by
the solvent extraction procedure.

3.2. Stripping
The stripping tests were performed in a 125 mL separation funnel, varying the organic: aqueous phase ratio in
each experiment. Additionally, different concentrations
of H2SO4 in the aqueous phase were used during the
stripping tests. Similar to the solvent extraction tests, the

pseudo-emulsions were mixed vigorously for 1 minute
and left to stand for 20 minutes, following the complete
separation of the phases. After each stripping test, a sample of the aqueous solution was withdrawn for chemical
analysis (atomic absorption spectroscopy) to estimate the
recovery of manganese. The experimental stripping conditions are listed in Table 2.

4. Results and Discussion
Figures 1(a)-(c) shows the manganese recovery as a
function of the percent of the organic phase that is present in the pseudo-emulsion with the aqueous solution, at
different H2SO4 concentrations (1, 3, and 5 M). The tests
were conducted with five stripping stages at 10˚C and
50˚C, and recoveries between 82% and 92% were obtained. Additionally, at 50˚C manganese recovery increased with the percentage of the organic phase, while
Table 2. Experimental conditions of the stripping tests.
Variable

Operation conditions

Concentration of H2SO4 (M)

1, 3 and 5

Organic in the organic-aqueous mixture 25.0; 33.3; 50.0; 66.6; 83.3;
(% by volume)
90.9; 95.2; 96.7 and 97.5
Number of stripping stages

3 and 5

Temperature (˚C)

10 and 50

(a)

2

4

(b)

2

(c)

4

(d)

Figure 1. Recovery of Mn(II) as a function of the percent of the organic phase in the pseudo-emulsion and the temperature,
when five stripping stages are performed. (a) Aqueous solution with H2SO4 1 M; (b) Aqueous solution with H2SO4 3 M; (c)
Aqueous solution with H2SO4 5 M; (d) Three stripping stages and aqueous solution with H2SO4 1 M.
Copyright © 2012 SciRes.
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at 10˚C the recovery decreased when the organics in the
pseudo-emulsion increased. This result is likely due to
the organic phase being less viscous at 50˚C, which improves the pseudo-emulsion droplet formation and increases the contact surface area, thus increasing the migration of manganese from the organic phase to the
aqueous phase. In general, after the stripping, the aqueous solutions reach 40 g/m3 of Mn(II).
Comparing the results in Figures 1(a) and (b), a little
advantage of using solutions acidified at 1 M is noticed.
This result is possibly due to the low viscosity of the
system under these experimental conditions, which enhances contact between the organic and the aqueous
phases. It is also possible that under highly acidic conditions, the organic phase becomes chemically instable.
This is suggested by the colour change that occurs when
the H2SO4 concentration is greater than 1 M. Table 3
shows the recovery of the impurities in a typical test of
stripping (50% of organic phase, aqueous solution 1 M
H2SO4, 25˚C and 3 stripping stages).
Figure 1(d) shows the results of the tests conducted
with 3 stripping stages and a H2SO4 1 M solution. Below
an organic phase percentage of 90%, the results were
similar to those obtained in tests using 5 stripping stages.
Above this percentage, several changes were observed.
The aim of these tests was to determine the maximum
content of the organic phase needed to maintain the efficiency of the stripping process. At both 10˚C and 50˚C,
above 90% of the organic phase in the pseudo-emulsion,
the manganese recovery decreases drastically, indicating
that a high percent of organic phase in the pseudo-emulsion affects the interaction between both phases, enhancing the mass transfer and the manganese recovery. Comparing Figures 1(a) and (d), the number of stripping
stages does not significantly affect the recovery, suggesting that 3 stages are sufficient for good recovery.
Additionally, the interval of the studied temperatures
was selected because en some places the atmospheric
temperature can oscillate between –10˚C and 45˚C, and
consequently, the temperature of the fluids in the extraction processes may be close to the studied range. Also, it
is observed that it is possible to predict the manganese
recovery as a function of the percentage of the organic
phase and the temperature.

5. Conclusions
Manganese complexed with D2EHPA dissolved in kerosene was extracted using an aqueous solution of sulphuric acid. The process variables that were evaluated
included the operating temperature (10˚C and 50˚C), the
acid concentration (1, 3 and 5 M) in the aqueous phase
and the number of extraction stages (3 and 5).
It was discovered that temperature (between 10˚C and
50˚C) improves the depletion of manganese from the
D2EPHA.
The percentage of the organic phase should be less
than 90% of the pseudo-emulsion to favour manganese
exchange.
The concentration of H2SO4 in the aqueous phase
should be less than 1 M to avoid chemical instability of
the organic phase.
Considering the environmental and economic impact,
it is suggested to work under the following operation
conditions: ambient temperatures, 3 stripping stages,
pseudo-emulsions that contain less than 90% of organic
phase and aqueous solutions with a maximal H2SO4 concentration (1 M).
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