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Abstract

The potential impact of the liquid-liquid extraction technique for the removal and extraction of iron (III) metal ions has
been investigated utilizing different basic extractants. In this respect, Octylamine and N,N-dimethylaniline as primary and
tertiary amines were employed for the elimination of Fe(III) ions using benzine as a diluent and with the examination of
various supportive parameters as solution pH, contact period, extractant concentration, metal ion concentration, diluent
type and loading capacity. The solvent extraction results demonstrated that the maximum removal % of Fe(III) was found
to be 96 and 92% for Octylamine and N, N-dimethylaniline, respectively, and it was fast, reached equilibrium after 30 min.,
and optimized at pH 2 with 0.05 M of the utilized extractants. According to the distribution coefficient calculations, two
moles of Octylamine extractant are required for the extraction of a mole of Fe(II) ion, while for N,N-dimethylaniline one
mole of it is for extraction of a mole of Fe(III) ion. Moreover, the maximum loading capacity of Fe(III) ions in the organic
phase after 5 subsequent stages was 49.8 and 45.4 g/L for Octylamine and N,N-dimethylaniline, respectively. Therefore, the
proposed system emphasizes and highlights the promising capability for future progress in the field of extraction techniques

and wastewater management.
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Introduction

Industrial wastewater is one of the significant sources of
aquatic pollution, which possesses heavy metals that stand
out because of their stability and toxicity. Moreover, heavy
metal contamination is brought on by aqueous industrial
wastes from a variety of processes, including tanning, min-
ing, metal plating, etc. One of these heavy metals is iron
which has a big challenge to decontaminate, as it plays a
crucial role in ensuring that various enzymes in the human
body function properly and make up 5% of the Earth's crust,
making it the fourth most abundant element (Khatri et al.
2017). Further, iron is found in groundwater Fe?* ions; the
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existence of iron in water is likely the most frequent issue
that both consumers and water treatment experts encounter
after hardness. The secondary maximum contaminant level
(MCL) for iron is 0.3 mg/l, which, if it comes into contact
with and stays in the tissues, may result in conjunctivitis,
choroiditis, and retinitis (Nieto et al. 2010). On the other
hand, the appearance of iron with a relatively considerable
amount as a blotch during the recovery of valuable metals
from ores by the hydrometallurgical method represents a
huge problem. Therefore, it is an inevitable task to eliminate
iron ions from samples of real and synthetic solutions. So,
over the years, numerous techniques have been developed for
wastewater management that contains ions of heavy metal,
including ion exchange, solvent extraction, reverse osmo-
sis, chemical precipitation, membrane separation, electro-
flotation, coagulation, etc. (Maes et al. 2017). A successful
method for the recovery and enrichment of metal ions is
solvent extraction. The primary benefits of this method are
its ease of automatic control, low cost, effective separation,
and continuous operation (Maes et al. 2017; Su et al. 2016).
The solvent extraction procedures commonly studied are
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systems of phosphates (ASANO et al. 2001; Mishra et al.
2010), amines (Alguacil and Amer 1986a, 1986b; Alguacil
et al. 1987; Saji and Reddy 2001), and carboxylic acids
(Pouillon and Doyle 1988). However, the phosphate extrac-
tion process lacks selectivity, and it is challenging to strip
the iron-loaded organic phase. Because carboxylic acids
dissolve so easily in water in the carboxylic acid extraction
system, extractant loss is significant. Therefore, these two
extractants cannot be used for iron elimination. Otherwise,
the extraction of iron with an amine extraction system has a
higher extraction percent and preferable selectivity. Amine
systems with iron are simpler to strip rather than phosphate
systems (Luo et al. 20044, b; Sun and O’Keefe 2002). More-
over, the removal of Fe(IIl) was examined utilizing various
extractants like neodecanoic acid (Stefanakis and Mon-
hemius 1987), tributyl phosphate (TBP) (Saji and Reddy
2001), 2-EPAMEE (PC-88A) (Jayachandran and Dhadke
1997), Bis(2-ethylhexyl) hydrogen phosphate (DEHPA)(EI-
Nadi and El-Hefny 2010). Dioctyl phenyl phosphate (Ismael
and Carvalho 2003). Further, a Primene JMT as a primary
amine was applied for Fe(III) elimination from neutral and
sulfuric acid solutions (Li et al. 2011). Also, Cyanex 923 (a
mixture of R;PO (14%), R,R'PO (42%), RR',PO (31%), and
R;'PO(8%)) (Deep et al. 20006), tetraalkylated malonamides
(Paiva and Costa 2005), 3-phenyl-4-benzoyl-5-isoxazolone
(HPBI) (Remya et al. 2004), Phosphinothioic acid, bis(2,4,4-
trimethylpentyl) with fiber membrane (Luo et al. 2004a, b),
1-hydroxy-1-phosphono-hexadecyl phosphinic acid (Biswas
and Singha 2006). and an aliphatic tertiary amine (Adogen
364) (de San Miguel et al. 2000), were checked for iron sepa-
ration. At lower pH values, Cyanex 272 (soluble in Isopar-H
as a diluent) was reported for Fe(III) extraction from nitrate
medium and showed a decrease in extraction % with chang-
ing the aqueous phase anion composition (Zhao et al. 2022).
The aim of this work will be oriented for the removal of
Fe(IIl) from aqueous solutions that may be produced as
industrial wastewater or produced during the hydrometal-
lurgical process for the recovery of valuable metals from
ores, at highly acidic medium using basic organic extractants
to avoid the drawbacks of other neutral and acidic extractants
as well as different effective parameters will be investigated
and optimized.

Experimental

Materials and method

Analytical reagent-grade materials were utilized for this
study. Sigma Aldrich provided iron (III) chloride (99.9%).
Merck provided the N,N-dimethylaniline and octylamine.

Xylene, benzene, benzine, hexane, and ammonium thiocy-
anate were bought from the Misr Petroleum Company in
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Egypt. The solutions' pH was adapted with 0.1 M HCI and
0.1 M NH,OH.

Instrumentation

Fe(IIT) metal ions concentration was recorded by Shi-
madzu UV-Visible Spectrophotometer (UV-160A, Shi-
madzu Kyoto, Japan) through thiocyanate method at the
wavelength (1,,,,) of 495 +2 nm (Marczenko 1975).

max

Experimental procedure

Two different amines Octylamine (primary) and N,N-
dimethylaniline (tertiary) were utilized for the extraction
procedures which were separately solubilized in ben-
zine. For practical and economic purposes, benzine was
employed as a diluent in this study. The influence of con-
tact time, pH, initial metal ion concentration, extractant
concentration, diluent type, and loading capacity on the
removal of Fe(IIl) ions by the investigated amines was
tested. To avoid the hydrolysis of Fe(III) metal ions, the
initial pH values of the prepared samples were performed
at 1.5; 2 and 2.5 pH values by contacting 5 mL of Fe(III)
solution (100 mg/L) with 5 mL of 0.075 M from the two
investigated amines extractant for 1 hat 25+1 °Cin a
thermostatic shaker. Further, the contact time parameter
was conducted at (5, 10, 15, 30, 45, 60, 90, 120 min) by
contacting 5 mL of Fe(III) solution (100 mg/L) with 5 mL
of 0.075 M from the two investigated amines extractant at
25+ 1 °C and sample's pH 2. The impact of the extract-
ant concentration was examined in the range (0.005, 0.01,
0.025, 0.05, 0.075, 0.1 M) by contacting 5 mL of Fe(III)
solution (100 mg/L) with 5 mL from the two investigated
amines(different concentration) for 30 min and sample's
pH 2. Moreover, the diluent type effect was checked by
using different diluents as benzene, hexane and xylene, in
which 5 mL of Fe(IIl) ion solution (100 mg/L) with 5 mL
of 0.05 M from the two investigated amines extractant
dissolved in the different diluents at 25+ 1 °C, pH value
of 2 for 30 min. Different Fe(III) ion (5 mL) concentra-
tions (50, 100, 200, 300, 400, 500 mg/L) were tested to
evaluate the removal process efficiency through mixing
with 5 mL of 0.05 M from the two investigated amines
extractant (dissolved in benzine) at 25 + 1 °C, pH value
of 2 for 30 min. The maximum loading capacity of the
organic extractant was investigated in different cycles by
contacting 5 mL of Fe(III) solution (100 mg/L) with 5 mL
of 0.05 M from the two investigated amines extractant at
25+ 1 °C, optimum pH value of 2 for 30 min., after the
separation of the 2 phases, the organic phase was used in
the second cycle with a new metal ion sample, and thus
for multicycles until reaching the organic phase saturation.
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Note that the organic/aqueous phase ratio in all the previ-
ous experiments was 1:1.

The removal percentage was calculated by the following
equation (Mingyu et al. 2011):

Removal (%) = [(C,—C,)/C,| x 100 (1)

where C, and C_ are the initial and final Fe(IlI) metal ions
concentration in the aqueous solution after the removal pro-
cess, respectively.

The value of the extraction or distribution ratio was calcu-
lated by the following equation (Agrawal et al. 2011):

D = [Metal ion]_,, /[Metal ion]

aqu @

org

Results and discussion

This study's primary goal is to introduce a new procedure
for iron removal as one of the critical heavy metals utilizing
solvent extraction techniques.

Influence of aqueous solution pH value

The hydrogen ion concentration (pH) of the influent affects
the extraction yield of metals ion. Based on the obtained
results in Fig. 1, the Fe(III) metal ion removal % increased
with increasing pH value from 87 to 98% for Octylamine and
from 76 to 93% for N,N-dimethylaniline (Li et al. 2011). In
this regard, the value of pH 2 was chosen in the next experi-
ment to avoid the probability of metal hydrolysis.

Il Octylamine
100 { B N,N-dimethylaniline

80

60

Removal %

40 -

20

1.5 2 25
pH

Fig.1 Influence of aqueous solution pH value on removal yield,
(5 mL of Fe(II) solution (100 mg/L) with 5 mL of 0.075 M from the
two investigated amines extractant for 1 hat 25+1 °C)
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Fig. 2 Effect of contact time on removal yield, (5 mL of Fe(III) solu-
tion (100 mg/L) with 5 mL of 0.075 M from the two investigated
amines extractant at 25+ 1 °C and sample's pH 2)

Impact of equilibration time

The removal of Fe(IIl) metal ions was examined as a func-
tion of time. According to the obtained results in Fig. 2,
the removal efficiency grew up with contact time and
reached equilibrium after 30 min with removal efficiency
96 and 92% for Octylamine and N,N-dimethylaniline,
respectively. Faster mass transfer rates between the two
phases of the extraction process result from shorter contact
times (Agrawal et al. 2011). Hence, the shaking time was
fixed at 30 min in all the experiments performed.
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Fig. 3 Extractant concentration impact on the removal yield, (5 mL
of Fe(IIl) solution (100 mg/L) with 5 mL from the two investigated
amines(different concentration) for 30 min and sample's pH 2)
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The extractant concentration impact

The amine extractants concentration in the organic phase is
one of them is crucial factors that significantly influence the
final removal process of Fe(IIl) ions. According to Fig. 3, it
was observed that the removal efficiency is directly propor-
tional to the investigated extractants concentration and reached
equilibrium at 0.05 M (Li et al. 2011).

The concentration of Fe(III) in the two immiscible organic
and aqueous phases was investigated in term of the distribu-
tion coefficient (Kp) of to elucidate how many number of the
utilized organic solvent molecules are required for the extrac-
tion of Fe(III) ions.

Ky = Concentration in organic phase/

Concentration in aqueous phase

. Therefore, the plot of log D vs log [extractant] for extrac-
tion of iron as shown in Fig. 4 illustrates the slope of 1.52 for
Octylamine which indicates the association of two moles of it
for extraction of a mole of Fe(IIl) ion; on the other hand, for
N,N-dimethylaniline, the slope value was 1.27 that clarify the
association of a mole of it for extraction of a mole of the metal
ion (Mishra et al. 2010, 2011).

Mechanism for extraction of iron

The extraction mechanism of metal ions using the hydropho-
bic basic organic extractant (amines) is usually called liquid
anion exchangers in which a negatively charged metal com-
plex present in the aqueous phase is exchanged for anions in
the organic phase. In this regard, the primary, secondary and
tertiary amines are not the active form for the extraction of
metals. They first must be protonated (Lommelen 2021):

1.6 1
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Log D
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1=2.49

Fig.4 Plot of Log D for Iron extraction vs Log [Extractant]
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R,NH;_, + HX = [R.NH,_,,,| + X~ 3)

where ris 1 (primary amine), 2 (secondary amine) or 3 (ter-
tiary amine).

On the other hand, the extraction of Fe(III) from HCl
medium can be represented by the following equation
(Mishra et al. 2010):

Feyt +Hj +4Cl; + So,, & HFeCl,.So, 4)

where ‘S’ is the organic extractant (Octylamine,
N,N-dimethylaniline).

Therefore and based on the above experimental results
the proposed extraction mechanism of iron utilizing the
investigated amines may be represented by the following
Eq. (5) for Octylamine and Eq. (6) for N,N-dimethylani-
line extractants:

Fe,! + Hy +4CIy + 2[CgH 7 NH,| [(CsH,;NH, ), H Fe Cly]

—
org org

&)

Felt +H +4Cl; + [CgHsN(CH;),] = [(CeHsN(CH;),HFe Clyly,  (6)

org

The effect of diluent type

Due to their aggregation in the organic phase, diluents
have an impact on the extraction of metals by amines and
acids (Ritcey and Ashbrook 1984). As a result, as shown in
Table 1, different aliphatic and aromatic solvents with var-
ious dielectric constants were examined as diluents for the
extraction of Fe(IIT) metal ions. According to the findings
in Fig. 5, benzine and hexane are both preferred for Fe(III)
ions removal process. According to a report by Desouky
et al. (2009), there is a strong correlation between a dilu-
ent's effect and its dielectric constant. The weak hydrogen
bonding capacity and low dielectric constant of the dilu-
ents are desirable. Therefore, aliphatic benzine was chosen
as the diluent for all experimental work due to a number of
reasons, including cost, environmental and safety consid-
erations, and maximum extraction efficiency.

Table 1 Diluent's dielectric

constant values Diluent Dielectric
constant
value
Benzine 2
Hexane 2.02
Benzen 2.2
Xylene 2.28
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Fig.5 Effect of diluent type on the iron extraction yield, (5 mL of
Fe(III) ion solution (100 mg/L) with 5 mL of 0.05 M from the two
investigated amines extractant dissolved in the different diluents at
25+ 1 °C, pH value of 2 for 30 min)

Influence of metal ion concentration

The impact of the initial concentration of Fe(IIl) metal
ions in the range of 50-500 mg/L was tested on its removal
process with 0.05 M of the investigated amines and at an
organic/aqueous phase ratio equal to 1. It was noticed that
increasing the initial Fe(III) concentration decreased the
extraction efficiency from 96 to 49% in the case of Octy-
lamine, and decreased from 93 to 42% with N,N-dimethyl-
aniline, Fig. 6 (Agrawal et al. 2011).
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Fig.6 Impact of initial concentration of Fe(IIl) on the extraction

yield, (5 mL of 0.05 M from the two investigated amines extractant
(dissolved in benzine) at 25+ 1 °C, pH value of 2 for 30 min)

The effect of loading capacity

The loading capacity is an important variable for the appli-
cability of an extractant and is defined as the amount of
metal ion extracted in the pure extractant (Ali et al. 2011).
In this respect, the loading capacity of Octylamine, and
N,N-dimethylaniline extractants in benzine was studied by
shaking 100 mg/L Fe(III) in aqueous solution with 0.05 M
from both extractants individually at constant organic/aque-
ous phase ratio of 1:1; the two phases were separated, and
Fe(III) metal ions concentration was determined, then again
the same organic phase was utilized for the extraction of a
fresh Fe(III) sample, Fig. 7. This procedure was repeated till
no extraction of Fe(IIl) was obtained with the organic sol-
vent. After 5 extraction stages, the concentration of Fe(II)
in the organic phase of the Octylamine extractant was found
to be 240 mg/5 mL (49.8 g/L), and 227 mg/5 mL (45.4 g/L)
with N,N-dimethylaniline.

Comparison study for iron removal with other
systems

The removal of Fe(IIl) ions using Octylamine and N,N-
dimethylaniline extractants compared with some previous
studies are briefed in Table 2. It was remarkable that the
current work demonstrates higher removal efficiency rather
than the others and in consequence, is considered a promis-
ing outcome for Fe(II) ions elimination.

Conclusion

Fast, effective and promising study was performed for the
removal of Fe(IIl) ions by solvent extraction technique using
different organic extractants at highly acidic medium that

100 -
80 + —a— Octylamine
© —o— N,N-dimethylaniline|
= 60
)
g
D
&~ 40
20 -
04
T T T T T
1 2 3 4 5
Cycle

Fig. 7 Loading capacity parameter of the organic phase
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Tabl.e 2 Corgparison with some Extractant Initial Fe(III) Organic/Aque- Fe (IIT) References
previous studies concentration ous ratio removal %

D2EHPA 0.1 M 1 73.4 Pospiech and Walkowiak (2010)

Decanol 0.1 mol dm™ 1 76 Mao (2015)

Cyanex 923 18.49 g/L 1 87 Mishra et al. (2010)

Mixture of 1-octanol 7.4 g/L 1:2 64 Sokolov et al. (2021)

and 1-decanol
Octylamine 100 mg/L 1 96 Present study

can be applied for the decontamination process whatever
from industrial wastewater or hydrometallurgical aqueous
solutions. This investigation clarified the optimized param-
eters for the extraction process at pH value 2, 0.05 M con-
centration of the extractant, and equilibration time 30 min
at organic/aqueous ratio= 1. Otherwise, two moles of Oct-
ylamine extractant or one mole of N,N-dimethylaniline,
respectively, are required for the extraction of a mole of
Fe(III) ion. Further, a very high loading capacity for Fe(III)
ions was observed to be 49.8 and 45.4 g/L for Octylamine
and N,N-dimethylaniline, respectively. In this regard, the
presented extraction system is highly recommended for the
extraction of iron metal ions.
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