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Abstract

The solvent extraction of chromium (111) with lauric acid (HL) at 25°C is studied
as a function of various parameters: pH of the aqueous phase, the concentration of lauric
acid and the nature of the solvent. The solvent effects on the extraction of chromium (111)
using polar and nonpolar solvents has been observed. It was shown that extracted species
of the [Cr(OH)L.-2HL] formula are formed in cyclohexane, dichloromethane,
chloroform, and toluene. However, in 1-octanol or methyl isobutyl ketone, it was found
a complex of the type [Cr(OH)L]. The extraction constants and extraction yield (%E) are
also calculated for different solvents. It was found that cyclohexane is the preferred
solvent for this extraction system. The maximum extraction yield is accomplished using
the cyclohexane as a solvent on 1:1 L/L ratio, and pH value of 4.73.

Keywords: chromium (I11); distribution coefficient; extraction; lauric acid;
solvent effects.

Introduction

Solvent extraction is a very successful method for the separation of metals from
aqueous solution [1-6]. The extraction of metals using carboxylic acids has been a subject
of numerous researches [7-10]. Carboxylic acids were employed as ligands for the
separation of various cations, the composition of extracted species and their extraction
constants were reported [3, 11-13]. However, the literature concerning the extraction of
chromium (111) contains little or no information using carboxylic acids. The extraction of
chromium(l11) from chloride using hexanoic acid dissolved in carbon tetrachloride has

* Corresponding author: Amel Guerdouh, guerdouh.amel@univ-ouargla.dz,
amelguerdouh@yahoo.fr


https://doi.org/10.30544/385
mailto:guerdouh.amel@univ-ouargla.dz
mailto:amelguerdouh@yahoo.fr

190 Metall. Mater. Eng. Vol 24 (3) 2018 p. 189-197

been reported by Apostoluk et al. [14]. They argued that the dependence on initial
chromium (111) concentration indicated the formation of polynuclear chromium (l11)
complexes. It was found that in the organic phase trinuclear complexes of the
[Cr(OH)R2]-HR formula are formed.

This work deals with the solvent extraction of chromium (111) by lauric acid
dissolved in several solvents such as cyclohexane, dichloromethane, chloroform, toluene,
1-octanol, and MIBK. Moreover, we report an investigation aimed at gaining information
about the best solvent for this extraction system in order to improve the parameters of
extraction and to increase the extractability of lauric acid. The stoichiometry coefficients
of the extracted species, equilibrium constants and extraction yield (%E) are determined
for different solvents.

Experimental

Reagents and solutions

Lauric acid (>99 %, Biochem), chromium nitrate (>99 %, Biochem) and sodium
nitrate (>99 %, Biochem) were used without further purification. Chloroform, toluene,
dichloromethane, cyclohexane, 1-octanol and methyl isobutyl ketone (MIBK) (>99 %,
obtained from Sigma Aldrich) were employed as the organic solvents. The 1- decanol
(>99 %, obtained from Sigma Aldrich) used as a modifier in the organic phase. The ionic
strength of the aqueous medium was assumed to be unity ([NaNOs] =1M). Aqueous
phase: [Cr¥*] = 1.92 x 10 M; [NaNO3] = 1M. Organic phase: [C12H240,] = 0.01, 0.02
and 0.04M.

Extraction Procedure

An aqueous solution containing 1.92 x 10° M metal was equilibrated (phase
equilibrium.) with equal volumes (40 ml) of the solvents solutions of the ligand 0.01, 0.02
and 0.04M by shaking in a mechanical shaker at T = 20°C. The pH of the aqueous phase
was adjusted by adding the necessary amount of 0.05M NaOH. Then, after shaking
beakers for several hours, the organic phase was separated from the aqueous phase by
sedimentation, the aqueous phase was filtered, and the pH was measured. Concentrations
of chromium in the aqueous phase were determined by Philips UV-VIS SP6-36. The
metal ion concentrations in the organic phase were calculated from the difference between
the metal ion concentrations in the aqueous phase before and after extraction.

Results and Discussion

General treatment of extraction equilibrium of chromium (I11) with lauric acid

Carboxylic acids are present as dimeric species in nonpolar solvents such as
toluene, hexane or benzene [11, 13]and as monomeric species in polar solvents such as
1-octanol,and 4-methyl-2-pentanone.[15, 16]. The extraction equilibrium in nonpolar
solvents may be represented by the equation:

ex]

K
M(OH)?3+—n),aq + (n;—m (HL)Z,org & (M(OH)3—nLn ' mHL)org + nH* (1)

where the equilibrium constant Kex: is defined by Equation (2).



A. Guerdouh et al. - Experimental Study of The Extraction of Chromium (I11) From Nitrate ... 191

_ [(M(OH)3—nLn) mHL] 5y [H]"

ot = 2
T Mozt 1Gm ™ &

The distribution ratio, D, is given by Equation (3).

n+m

lOg D= Tlog[(l_[L)Zjorg +n PH + lOg Kex] (3)

However, in polar solvents, equations (1), (2) and (3) become:

+ Kex2

M(OM) g + (4 M)(HD) g & (M(OH)anLy) -mHL, + nH* (4)

_ [(M(OH)3—nLnmHL)]org[H*]"

= 5
ex2 [M(OH)’s‘fn]Hq[(HL)]g?m) ( )

log D = (n+m) log [(HL)],,, + npH + log K, (6)

where the species in the aqueous and organic phases are designated by the
subscripts aq. and org. respectively. Other parameters are defined as:

M = Cr3*, n = cationic charge, m = number of monomeric acids contained in the
complex,

(HL)2; (HL) = ligand in dimeric and monomeric form respectively.

The stoichiometry of the extracted species was determined by using the method of
slope analysis. Therefore, the extraction yield (%E) of chromium (111) can be calculated
by:

E= D x 100
D+1 (7)

Analysis of the extraction of chromium (111) with lauric acid in different
solvents

Effect of the equilibrium pH

According to equations (3) and (6), plots, log D versus pH are determined at a
constant concentration of lauric acid dissolved in cyclohexane, dichloromethane,
chloroform, toluene, 1-octanol, and MIBK, as shown in Fig. 1.
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Fig. 1. Logarithmic value of the distribution coefficient as a linear function of the pH

value gained from the experiment extraction of chromium (111) with lauric acid
dissolved in different solvents. [HL] = 0.04 M; [Cr®*] = 1.92x103M.

Linear relations are observed with the slope of two (n = 2). This means that two
protons are liberated during the extraction process. Also, the results obtained show that
the extraction process increased with increasing the pH of the aqueous phase.

Effect of lauric acid concentration

Fig. 2 shows the effect of lauric acid concentration on the chromium extraction in
nonpolar solvents such as cyclohexane, dichloromethane, chloroform, and toluene.
Concentration of dimer was calculated as: [(HL).] = [HL]/2.
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Fig. 2. Determination of the number of lauric acid molecules involved in the extracted
species in nonpolar solvents.
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The data obtained from Fig 2 indicate that relationships log D versus log[(HL)2]org
were linear with a slope about 2, that is, (2 + m)/2 = 2 or m = 2. Consequently, the
composition of the extracted species in nonpolar solvents is [Cr(OH)L2(HL),]. The same
complex was obtained by K. Kimura [17] on the solvent extraction of chromium (I11)
from sulfate medium with D2EHPA acid dissolved in toluene. Therefore, equations (1)
and (3) could be rewritten as:

exl

K
Cr(OH)i? +2(HL),p, & (Cr(OH)Lp.2HL)  + 2H* (8)

org

log D =logK,,, +2log [(HL)2 ]Org + 2pH o

However, in polar solvents as 1-octanol and MIBK, Plots of log D versus
log[HL]org at constant pH were linear with slopes closure to 2 (Fig 3), that is, (2 + m) ~ 2
or m ~0. This means that the extracted species in the organic phase is Cr(OH)L,. These
results are similar to those published by F. Islam et al. [18]. Equations (4) and (6) could
be rewritten as:

Ko
Cr(OH)2 +2(HL),,, & Cr(OH)L,+2H* (10)
log D =logK,,, +2log| (HL) jorg + 2H" (11)
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Fig. 3. Determination of the number of lauric acid molecules involved in the extracted
species in polar solvents.
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The distribution coefficient (D) and extraction yield (%E) were calculated to
establish the extracting capability of the ligand (lauric acid) dissolved in various solvents
(Tables 1).

Table 1. Effect of lauric acid concentration (HL) diluted in different solvents on the
extraction percentage (%E) of chromium (I11) at pH = 4.6.

Solvent Cyclohexane Dichloromethane Chloroform Toluene 1-octanol MIBK
[HL] D %E D %E D %E D %E D %E D %E
(mol/l)

0.01 0.43 30.06 021 1735 0.15 13.04 0.098.25 0.021.96 0.011.01
0.02 1.35 57.44 0.60 3750 0.45 31.03 0.27 21.26 0.08 7.40 0.05 4.76
0.04 3.91 80.01 182 6454 1.32 56.90 0.81 44.750.31 23.66 0.21 17.35

The distribution coefficient (D) and extraction percentage (%E) increased with
increasing of lauric acid concentration. It can be found that the recovery of chromium
(1) reached 80.01%, 64.54% 56.90%, 44.75%, 23.66% and 17.35% for cyclohexane,
dichloromethane, chloroform, toluene 1-octanol and MIBK respectively at [HL]=0.04M.

Table 2 gives the stoichiometries of the extracted chromium species with lauric
acid in different solvents and their extraction constants.

Table 2. Extracted species and extraction constants of solvent extraction of chromium
(1) with lauric acid.

Solvent logKex  Extracted species
Cyclohexane -5.07  [Cr(OH)L2-2(HL)-H.0]
Dichloromethane -5.42  [Cr(OH)L,-2(HL)-H,0]
Chloroform -5.54  [Cr(OH)L2-2(HL)-H20]
Toluene -5.76  [Cr(OH)L2-2(HL)-H20]
1-octanol -6.91  [Cr(OH)L2-H20]
MIBK -7.08  [Cr(OH)L2.H.0]

Effect of solvents on the chromium (I11) extraction

In order to examine the impact of the solvent on the extraction efficiency, several
organic solvents such as cyclohexane, dichloromethane, chloroform, toluene, 1-octanol,
and MIBK were used at a constant pH = 4.7. The results obtained from Fig4 and table 2
confirmed that the nonpolar solvents showed better performance in chromium (I11)
extraction than polar solvents.
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Fig. 4. Effect of solvents on the extraction efficiency of chromium (I11) with lauric acid;
[HL] = 0.04 M; [Cr**] = 1.92x10*M.

This result is similar to that obtained in the literature[19]. Also, it is clear that the
cyclohexane was as the favored solvent for this extraction system, may be assigned to the
absence of interactions between the extractant and this solvent. Moreover, the extraction
of chromium (I11) in dichloromethane is better than in chloroform and toluene; these
results may be explained by the fact that dielectric constant of the solvent plays a
significant role in expected extraction yield value. Dichloromethane has high dielectric
constant, therefore, it is preferable solvent for extracting metal ions. In addition, the better
solvation of the complexes by dichloromethane may be a valuable reason for better
extraction [20, 21]. However, in polar solvents, 1-octanol and MIBK, it was found that
the distribution coefficient decreased as the polarity of solvents increased. This can be
explained by the fact that the polar solvents are capable of forming hydrogen bonds with
electron donor atoms of lauric acid that lead to a reduction in the active concentration of
the lauric acid, consequently, poorer extraction of chromium results. In methyl isobutyl
ketone (MIBK), the extraction proceeds quickly, and a few amounts of metal was
extracted than that in 1-octanol, would probably expound by the stronger chemical
interaction between MIBK and lauric acid, in addition to the solubility of this solvent in
the aqueous phase.

Spectroscopic studies of extracted species
The visible spectra of the loaded organic phase were performed in cyclohexane,
toluene, dichloromethane, chloroform, MIBK and 1-octanol (Fig 5).
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Fig. 5. Visible spectra of chromium complexes in different solvents.

The visible spectra of the loaded organic phase show an absorbance in the 550-575
nm region, which indicated to octahedral geometry coordination of the extracted complex
[22]. This means that two molecules of lauric acid coordinating with the central chromium
ion, water, and hydroxyl molecules would complete the coordination sphere so that the
chromium ion could obtain a stable structure. On the basis of this explanation, the possible
structure of the extracted complexes can be represented as shown in Fig 6 and Fig7.

Fig. 6. The structure of the complex Cr(OH)L,-2(HL) H.O.
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Fig. 7. The structure of the complex Cr(OH)L2.H.O.
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Conclusion

The experimental data has established the possibility of using lauric acid to recover
chromium (I11) from aqueous solutions. An increase in the pH and lauric acid
concentration has a positive effect on the extraction process. The extraction of chromium
(111 with lauric acid may be represented by the following equations:

exl

K
Cr(OH)§Z + 2(HL),,,, & [(Cr(OH) Ly,.2HL)|+ 2H*  for non polar solvents

Kex2

Cr(OM)iZ +2(HL),,, & [(Cr(OH)Ly)]+ 2H* for non polar solvents

The nonpolar solvents are better performance than the polar solvents and the
extraction capacity of lauric acid in different solvents decreases in the order: cyclohexane
> dichloromethane > chloroform > toluene >1-octanol > MIBK.
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