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Solvent Extraction of Iron(III) From Chloride Solutions in the
Presence of Copper(II) and Zinc(II) Using Hydrophobic
Pyridyl Ketoximes

Anna Parus, Karolina Wieszczycka, and Andrzej Olszanowski
Institute of Chemical Technology and Engineering, Poznań University of Technology,
Poznań, Poland

In this work, oximes of 1-(2-pyridyl)tridekane-1-one and
1-(4-pyridyl)tridecane-1-one were used as model hydrophobic
extractants for iron(III) from a chloride media. Both studied pyridyl
ketoximes have the ability to extract iron(III) from chloride solu-
tions. The highest degree of iron(III) extraction was observed
for 1-(2-pyridyl)tridecane-1-one oxime. During extraction with
4-pyridyl ketoxime, a precipitated complex was observed, which
has a disadvantageous effect for the extraction process. Iron(III)
could be effectively stripped by 1% HCl from organic solution after
extraction. Selectivity extractions from multielemental aqueous
solutions containing iron(III) using 2- and 4-pyridyl ketoximes were
also studied. The highest extraction percentage and good selectivity
was observed for Cu2þ from a solution containing 1.0M Cl� with
1-(2-pyridyl)tridecane-1-one oxime. A scheme of separation of
particular metal ions from mulielemental aqueous solutions was also
proposed. The separation of metal ions is possible in three stages of
extraction.

Keywords copper(II); extraction; iron(III); pyridyl ketoxime;
separation; zinc(II)

INTRODUCTION

Iron(II)=(III) always accompanies copper(II), zinc(II),
nickel(II), cobalt(II), and other metals and therefore the
separation of iron from other metals is an important prob-
lem in hydrometallurgic processes. The selective separation
of iron(III) from undesired impurities is an important issue
for the concentration or purification of secondary sources.
The effective recovery of metal ions is possible only if the
separation process is sufficiently selective. Solvent extrac-
tion is one of the most widely used methods for the purifi-
cation and separation of metal ions from different sources.
Recently this technique has been increasingly employed to

overcome the iron(III) control problem in hydrometallurgy
industries (1,2).

The selective extraction of metal ions from industrial
wastewater streams and contaminated areas is a topic of
great interest.

In the previous decades, several extractants have been
used to remove iron(III), bis(2-ethylhexyl)phosphoric acid
(D2EHPA) (3–7), and tributhylphosphate (TBP) (8,9).
The mixtures of extractants have also been studied, for
example: TBPþD2EHPA, D2EHPAþKelex1100 (1,9).

M.C. Costa et al. (10–12) have demonstrated that
malonamide derivatives (N,N0-dimethyl-NN0-diphenyl-
malonamide, N,N0-dimethyl-NN0-diphenyltetradecylmalon-
amide and N,N0-dimethyl-N,N0-dibutylmalonamide) were
efficient and selective extractants for the separation of
iron(III) from acid chloride media. The iron(III) extraction
depended on HCl concentration, and their efficiency is
enhanced as the acid concentration in the aqueous phase
increases.

Mowafy (13) reported the ability of the 4-chlorophenyl
substituted malonamide to extract Fe(III) from chloride
solutions. These extractants could be used for the extrac-
tion and separation of iron(III) from other metal ions
present in waste chloride liquors.

Teke et al. (14) have studied the extraction of iron(III)
with bis(D2-2-imidazolinyl)-5,50-dioxime from binary
and muliticomponent nitrate mixtures, which contain
cobalt(II), nickel(II), and copper(II). They observed that
the extraction of iron(III) increased with the pH value,
reaching a maximum in the zone of pH 2.0 and subse-
quently decreased. Bis(D2-2-imidazolinyl)-5,50-dioxime
extracted selective iron(III).

PC88A, MIBK and Alamine 336 were tested by Lee and
Lee (15). The highest extraction percentage was obtained
with Alamine 336 in toluene. The separation of iron(III)
from nickel(II) was possible with this extractant.

N-methyl-N-cyclohexyloctanamide and N-methyl-N-
phenyloctanamide were synthesized and tested to recover
iron(III) from a chloride media by Figueira and Paiva.
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þ480616653688; Fax: þ480616653649. E-mail: Anna.Parus@
put.poznan.pl

Separation Science and Technology, 46: 87–93, 2011

Copyright # Taylor & Francis Group, LLC

ISSN: 0149-6395 print=1520-5754 online

DOI: 10.1080/01496395.2010.498802

87

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Both compounds efficiently extract iron(III) from hydro-
chloride solutions. These amides have a good preference
to selectively remove iron(III) in the presence of Cu(II),
Ni(II), and Zn(II) (16).

Cierpiszewski et al. (17–19) have studied the extraction
of zinc(II), iron(II), and iron(III) with solutions of dibutyl-
butyl phosphate (DBBP) and tributyl phosphate (TBP)
from hydrochloric acid solutions. The obtained results
showed that iron(II) is slightly extracted by the considered
extractant, while DBBP is a very effective extractant of
zinc(II). This enables the extraction of zinc(II) selectively
from solutions containing iron(II) ions. Iron(III) is
extracted very efficiently and should be reduced to iron(II)
to minimize its transfer to DBBP.

Many pyridine derivatives form complexes with Cu(II),
Cd(II), Zn(II), Co(II), Ni(II), Pd(II) etc. and these com-
pounds could be a potential extractant for metal ions from
different solutions. Acorga CLX-501 has been proposed
for the extraction of copper(II) from acid chloride solu-
tions (20). The active component of the extractant is
di-isodecyl pyridine-3,5-dicarboxylate. Acorga CLX-501

can transfer large amounts of copper(II) from chloride
solutions since the loading and stripping operations are
governed by the chloride ion concentrations in the aqueous
phase. Other pyridine derivatives such as esters and amides
are proposed by Bogacki et al. (21), Borowiak–Resterna
(22), Cote et al. (23), Szymanowski et al. (24). The extrac-
tion abilities of the weak basic organic compounds depend
on the structure, position, and number of the functional
group (amid and ester) in the pyridine ring.

Pyridine carboxamides are also used to extract of Pd(II)
from hydrochloric acid solutions. The alkyl 3- and 4-pyri-
dine carboxamides extracted higher amounts of Pd(II) than
2-pyridine carboxamides (25). Tomaszewska et al. proposed
pyridine-carboxamides for the recovery of cadmium(II)
from the chloride media. The extraction of cadmium(II)
by pyridine-carboxamides depends on the structure and
position of substituents in the pyridine ring (26).

Ligands containing an oxime group and pyridine ring
are popular in coordination chemistry. The majority of
the metal complexes of these ligands have been prepared
in the last twenty years. Pyridyl aldo- and ketoximes form
complexes with zinc(II), copper(II), silver(I), nickel(II),
cadmium(II), and iron(III). The donor atoms of the
2-pyridyl oximes in metal complexes are the nitrogen atoms
of the oxime and the pyridyl groups (27–32). The presence
of an oxime and pyridine moiety allows the formation of
complexes with metals by solvating and=or chelating
mechanisms. The formation of complexes of pyridyl ketox-
ime with metal ions depends on the nature of the solvent,
the location of the oxime group in the pyridine ring, and
the concentration of the metal ions (27).

The extraction ability of pyridyl ketoximes to cop-
per(II), zinc(II), and cadmium(II) were studied in our

group (33–35). The obtained results showed the influence
of the extractant structure (the position of substituents in
the pyridine ring), the type of diluents, and the concen-
tration of chloride ions in aqueous feed on the studied
metals extraction. 2-Pyridyl ketoximes are strong solvating
extractants which extract copper(II) efficiently even at low
concentrations of chloride ions. 4-Pyridyl ketoximes are the
weaker extractants and the degree of extraction slightly
increased with an increase in chloride ion concentration
(33). The extraction of cadmium(II) was observed with
2-pyridyl ketoximes and depended on several aspects: sol-
vent type, ligand concentrations, and chloride ion concen-
trations, while 4-pyridyl ketoximes did not extract
cadmium(II) from chloride media (34). Solvent extraction
of zinc(II) with pyridyl ketoximes depended on the position
of the functional group in the pyridine ring, solvent type
and chloride ion level (35).

The purpose of the present work was to conduct funda-
mental studies on the extractive iron(III) removal from
chloride media with 2- and 4-pyridyl ketoximes. We also
report studies of selectivity from the chloride media which
contain free metal ions: copper(II), zinc(II) and iron(III)
with hydrophobic pyridyl ketoximes.

EXPERIMENTAL

Reagents

Alkyl pyridyl ketoximes (1-(2-pyridyl)tridecane-1-one
oxime and 1-(4-pyridyl)tri-decane-1-one oxime) as individ-
ual model extractants were used.

Synthesis of pyridyl ketoximes and their characteristics
have been described in previous papers (33). Oximes
1-(2-pyridyl)tridecane-1-one and 1-(4-pyridyl)tridecane-
1-one were synthesized from the corresponding ketones
and hydroxylamine hydrochloride. The ketones were
obtained through the addition of the proper Grignard
reagent to 2- or 4-pyridinecarbonitrile.

Solvent Extraction Procedure

The extraction was carried out in a test tube using the
same volumes (5mL) of the two phases. The phases were
mechanically shaken for 30min at room temperature.
The concentration of the metal ions was always determined
in the aqueous phase before and after extraction and after
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stripping. The concentration of iron(III) present alone in
the aqueous solution was controlled by a spectrophot-
ometer for measuring absorbance (using UV-1601PC
spectrophotometer Shimadzu). When zinc(II) and
copper(II) were present together with iron(III), the content
of zinc(II) was determined by ICP–OES and copper(II) and
iron(III) were determined by atomic absorption spec-
troscopy GFAAS.

Unless otherwise stated, the extraction studies were car-
ried out at a constant metal ion concentration equal to
0.001M; however, the loading test for the concentration
of Fe(II) in the aqueous phase was changed from 0.001
to 0.01. The concentration of extractants in the organic
phase was changed from 0.002 to 0.01M. Extraction stu-
dies were carried out at constant water activity aw¼ 0.835
and constant total concentration of ions and molecules dis-
solved in aqueous solution r¼ 8.0M, where the chloride
concentrations were changed from 0.1 to 4.0M. NaCl,
NaNO3 and LiNO3 were used to adjust the constant water
activity (aw¼ 0.835). Nitrates were selected because they do
not form or form very weak complexes with metal ions
(23,36,37). At constant aw and r, the salting-out effect
has the constant influence within the whole range of chlor-
ide ion concentration investigated (23,37). In all experi-
ments the pH of the aqueous phases was close to 1.8.
Measurements of the pH were made using a 713 pH Meter
(Metrohm). Toluene with 10% addition of decan-1-ol was
used as diluents. The addition of hydrophobic alcohol
improves the solubility of oximes in the organic phase.
The concentration of the metal ions in the organic phase
was calculated from the difference between the metal ion
concentrations in the aqueous phase before and after
extraction. The distribution coefficient (D) was taken as
the ratio of the metal ion concentrations in the organic
phase to the present in the aqueous phase at equilibrium.

RESULTS AND DISCUSSION

Extraction of Iron(III) from Chloride Solutions

The trivalent iron in the aqueous phase forms a variety
of complexes in the presence of chloride ions, which can be
defined by

Fe3þ þ iCl� ¼ FeCl
ð3�iÞþ
i ð1Þ

where i¼ 0, 1, 2, 3, and 4. Thus the total metal ion in the
aqueous phase is given by

½Fe3þ�total ¼ ½Fe3þ�ð1þ b1½Cl�� þ b2½Cl��2 þ b3½Cl��3

þ b4½Cl��4Þ
ð2Þ

The values of the stability constant were: b1¼ 4.26,
b2¼ 5.62, b3¼ 0,023 and b4¼ 0.0025 (at 1.0M ionic
strength) (38). The percentage composition of different

iron–chloride species depend on a concentration of
chloride ion and above 1M Cl the FeCl3 species are
essentially (6).

In all experiments the pH of the aqueous phases was
close to about 1.8. These experiments were carried out at
constant water activity (aw) and a total concentration (r)
of aqueous species. The results of the influence of chloride
ions on iron(III) (Fig. 1) show that iron(III) extraction with
1-(2-pyridyl)tridecane-1-one oxime did not depend on the
chloride ion concentrations in the whole studied range
(0.1–4.0M) and was equal to 60%. When 1-(4-pyridyl)
tri-decane-1-one oxime was used, the extraction of iron(III)
depended on the chloride ion concentration. The iron(III)
extraction increased with the chloride ion concentrations
up to the maximum at about 1.0M Cl�, but thereafter sig-
nificantly decreased. The extraction maximum was
observed at 1.0M Cl� and was equal to 25%. In the case
of 4-pyridyl ketoxime, the formation of emulsions in the
aqueous phase was observed, which could be the result of
the formation of the complex precipitated. The formation
of emulsion is a disadvantageous effect for the extraction
process, because this obstructs the partition of phases
and induces on the effectiveness of extraction.

Loading Coefficients

The loading test of iron(III) by 2- and 4-pyridyl ketox-
imes were examined. The relation between the molar ratio
of the iron(III) ions to the extractant in the toluene with
10% addition of decan-1-ol solutions, and the initial
iron(III) concentration in the aqueous phase, at constant
extractant concentration, shows that the maximum of
iron(III) loading approached to 0.0007 and 0.0005 for
2PC12 and 4PC12, respectively (Fig. 2). In the case of
4-pyridyl ketoxime formation of emulsions in the organic
phase were observed which could be the reason for a much
lower plateau than was predicted.

FIG. 1. The extraction of iron(III) from chloride solutions with

1-(2-pyridyl)tridecane-1-one oxime (&) and 1-(4-pyridyl)tridecane-1-one

oxime (&) from aqueous solutions at constant water activity aw¼ 0.835

(extractant concentration. �0.01M).
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Analysis of Extracted Species and the Stoichiometry of the
Iron(III) Reaction by Pyridyl Ketoximes

The influence of oxime concentration on the extrac-
tion of iron(III) was also studied. The obtained results
indicated that the extraction percentage increased with
the increase of extractant concentrations (Fig. 3). In
the concentration of oxime 0.005–0.05M, the extraction
increases from 12 to 100% for 1-(2-pyridyl)tridecane-
1-one oxime and from 0 to 54% for 1-(4-pyridyl)
tridecane-1-one oxime in the concentration of extractant
0.0075–0.01M.

The compositions of the extracted species were ascer-
tained from the graph of log D¼ logKþNlog[HL], where
K is the extraction constant and N was the number of
oxime molecules per metal ion involved in the extraction.
The slopes of the strength lines are 2.12 and 1.94 for
2PC12 and 4PC12, respectively (Fig. 4). In the case of
4-pyridyl ketoxime the formation of emulsions were
observed. Hence, the probable composition of the extract-
able species is (metal:ligand) 1:2.

The extraction of iron(III) by oxime 2PC12 and
4PC12 from chloride solutions can be described by the

following equations:

FeCl3aq þ 2 HLo ¼ FeCl3ðHLÞ2o ð3Þ

HFeCl4aq þ 2 HLo ¼ HFeCl4ðHLÞ2o ð4Þ

where HL represents the extractant molecule (2PC12 or
4PC12), and aq and o denote the aqueous and organic
phases, respectively.

Stripping

The water and diluted solution of hydrochloric and sul-
phuric acid were tested for the stripping of iron(III) from
the organic phase (Table 1). Pure water did not strip
iron(III) from organic solutions of 1-(2-pyridyl)tridecane-
1-one oxime. For 1-(2-pyridy)tridecane-1-one oxime com-
plexes with iron(III) the use of 1% and 5% H2SO4 allowed
to remove 56.6% and 66.6% of iron(III), respectively.
Iron(III) was completely removed when 1% solution of
hydrochloric acid was used for stripping. In the case of
1-(4-pyridyl)tridecane-1-one oxime complexes, iron(III)
could be effectively stripped from the organic phase by
water in the two-stage process (in the first stage 50% of

FIG. 3. Effect of the 1-(2-pyridyl)tridecane-1-one oxime (&) and

1-(4-pyridyl)tridecane-1-one oxime (&) concentrations on the iron(III)

extraction ([Fe3þ ]¼ 0.001M, [Cl�]¼ 2.0M).

FIG. 2. Loading coefficients of iron(III) from chloride solutions with

1-(2-pyridyl)tridecane-1-one oxime (&) and 1-(4-pyridyl)tridecane-1-one

oxime (&) (extractant concentration¼ 0.01M, [Cl�]¼ 2.0M).

FIG. 4. Influence of equilibrium oxime concentration on iron(III) distri-

bution ratio for 1-(2-pyridyl)tridecane-1-one oxime (&) and 1-(4-

pyridyl)tridecane-1-one oxime (&) ([Cl�]¼ 2.0M, [FeCl3]¼ 0.001M).

TABLE 1
Results of stripping of iron(III) from the organic phase

Stripping
reagent

Stripping of iron(III)
from organic phase
with 2PC12 [%]

Stripping of iron(III)
from organic phase
with 4PC12 [%]

H2O 0.0 50.0
1% HCl 100.0 100.0
1% H2SO4 56.6 —
5% H2SO4 66.6 —
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iron(III) was stripped) and by 1% HCl in the one-stage
(ion(III) was stripped with 100% yield).

Separation of Metal Ions from a Multicomponent Mixture

The selectivity extraction of metal ions from different
sources is an important issue in the production of pure
metal ions. The effective recovery of metal ions is possible
only if the separation process is sufficiently selective.

Our previous studies indicated the ability of pyridyl
ketoximes to extract copper(II), zinc(II) and cadmium(II)
from chloride solutions. The obtained results showed that
the hydrophobic 2-pyridyl ketoximes are better extractants
for copper(II) than 4-pyridyl ketoximes. The extraction of
copper(II) by 2-pyridyl ketoximes did not depend on chlor-
ide ion concentrations. For 4-pyridyl ketoxime, the degree
of copper(II) extraction slightly increased from 0.1M to
2.0M Cl�, but above 2.0M Cl� it increased rapidly (33).
The extraction ability of zinc(II) have 2- and 4-pyridyl
ketoximes, but it is dependent on the solvent type, chloride
ion concentration, and ionic strength (35). The extraction
of zinc(II) was observed for 2-pyridyl ketone oxime in tolu-
ene with 10% of 1-decanol and chloroform solutions, but
for 4-pyridyl ketone oxime the extraction was observed
only in chloroform solution. The extraction of zinc(II) by
2-pyridyl ketoximes in toluene with 10% addition of
decanol from the chloride media, with aw¼ 0.835,
increased at the low chloride concentrations (to 1.0M
Cl�) and then decreased with the increase of chloride con-
centrations. The extraction percent of zinc(II) from chlor-
ide and perchlorate solutions at ionic strength I¼ 4 by
2-pyridyl ketoximes decreases with the increase of ions
chloride concentration. However, for 4-pyridyl ketone
oxime in chloroform solution the extraction increased up
to 80% for 1.0M Cl� and then decreased with the increase
of chloride concentration.

The selectivitity extraction of metal ions from multi-
elemental aqueous solutions, which contain copper(II),
zinc(II), and iron(III) were studied. The extraction
experiments for multielemental aqueous solutions were
done for the solutions of 1.0M Cl� and 2.0M
Cl�(aw¼ 0.835). This level of chloride ion concentration
was chosen because at 1.0M Cl� a maximum of extraction
of zinc(II) with 2-pyridyl ketoximes was observed; the
extraction of copper(II) above 2.0M Cl� was the highest
with 4-pyridyl ketoximes (33,35).

The obtained results indicated that the most selective of
copper(II) extraction was observed with 1-(2-pyridyl)
tridecane-1-one oxime (Table 2). The greater differences
of metal ion extraction were observed for 2-pyridyl ketox-
ime than for 4-pyridyl ketoxime. It could be observed that
Cu2þ seem to be extracted by these extractants effectively
(extraction percentage was higher than 98%) from the sol-
ution which contained copper(II), zinc(II), and iron(III)
ions from the solution of 1.0M Cl�. From this solution

iron(III) was extracted at only 11%, while zinc(II) was
not extracted. The different results were observed for the
solution containing 2.0M Cl�. In this case the selective
extraction of metal ions was not observed. Copper(II)
was extracted the best (98%), but zinc(II) and iron(III) were
extracted at 50% and 18%, respectively.

For 1-(4-pyridyl)tridecane-1-one oxime the similar selec-
tivity was obtained. Copper(II) was extracted better than
other metal ions. Extraction percentages of copper(II)
was equal to 74% and 20% for iron(III). The extraction
of zinc(II) was not detected from this solution (1.0M
Cl�). Also for the solution 2.0M Cl� the selectivity of
tested metals was poor, when 1-(4-pyridyl)tridecane-1-one
oxime was tested; the extraction percentages were 29%,
16%, and 15% for copper(II), zinc(II), and iron(III),
respectively.

Based on the above results, we can propose a scheme of
process separation of particular metal ions from multiele-
mental aqueous solutions (0.001M Cu2þ=Zn2þ=Fe3þ;
1.0M Cl�) (Fig. 5).

The multielemental solutions can be separated in three
stages of extraction. In the first extraction stage copper(II)
and a small value of iron(III) are transferred to the organic
phase using 1-(2-pyridyl)tridecane-1-one oxime. From the
loaded organic phase the selectivity stripping of Fe3þ is
possible using 1% HCl. In the second stage of extraction,
ions of Fe3þ are transferred to the organic phase and ions
of Zn2þ remain in the aqueous phase. And in the last
extraction stage, Zn2þ is transferred to the organic phase,
then Zn2þ is stripped using pure water from the loaded
organic phase.

CONCLUSION

The oximes of 1-(2-pyridyl)tridecane-1-on and
1-(4-pyridyl)tridecane-1-on were used as extractants for
iron(III). All studied model hydrophobic pyridyl ketoximes
have the ability to the iron(III) extraction from chloride
solutions. The highest degree of iron(III) extraction was
observed for 1-(2-pyridyl)tridecane-1-one oxime. The
extraction of iron(III) with 2-pyridyl ketoxime did not

TABLE 2
Extraction of copper(II), zinc(II) and iron(III) from

multielemental aqueous solutions with pyridyl ketoximes

Extraction percentage [%]

2PC12 4PC12

Concentration
Cl� [mol=dm3] Cu2þ Zn2þ Fe3þ Cu2þ Zn2þ Fe3þ

1.0 98.35 0.00 11.96 74.03 0.00 20.65
2.0 99.94 50.00 18.00 29.87 16.92 15.00
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depend on chloride ions concentrations, but for
1-(4-pyridyl)tridecane-1-one oxime the extraction percent-
age increased up to about 1.0M Cl�, and thereafter
decreased significantly. Additionally, during extraction
with 4-pyridyl ketoxime precipitated complex in the
organic phase, which is a disadvantageous effect for an
extraction process. Iron(III) was effectively stripped from
the organic phase with 1% HCl.

The species of iron(III) complexes with pyridyl
ketoximes can be proposed as FeCl3ð4PC12Þ2 and
FeCl3ð2PC12Þ2.

The competitive solvent extraction of copper(II) was
observed from multielemental aqueous solutions (0.001M
Cu2þ=Zn2þ=Fe3þ) at 1.0M Cl�with 1-(2-pyridyl)tridecane-
1-one oxime and was equal up to 98%; zinc(II) was not
extracted and iron(III) was removed in 11%. The scheme
of separating particular metal ions from multielemental
aqueous solutions is proposed. The separation of metal
ions is possible in three stages of extraction.
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