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ABSTRACT

The effect of common acids, anions, and auxiliary complexing agents in the solvent extraction of Fe** from aqueous
solutions into chloroform solutions of 4,4 ~(1E,1E°)-1,1"~(ethane-1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-
phenyl-2,8-dihydro-1H-pyrazol-3-o0l) (H-BuEtP) alone and in the presence of of 1-(3-hydroxy-5-methyl-2-phenyl-
2,8-dihydro-1H-pyrazol-4-yl) butan-1-one (HBuP) was studied. Colorimetric method of analysis using 1,10-
phenanthroline was used to determine concentrations of Fe* in aqueous solutions afler extraction and percentage
extraction determined by difference. Separation factors Pxr were calculated using data from previous studies using same
organic phases to determine theoretical conditions for separating Fe** from N, Pb*, and UO:*. All acids gave > 90%
extraction of Fe’" at most concentrations with HNO: and H.PO, giving the highest percentage extraction of 99.93% at
0.01M and 0.1M respectively in the mized ligands H.BuEtP/HBuP organic system. H;PO also gave best extraction of
99.8% at 0.1M in ligand H.BuEtP alone system. Although all anions used for study also gave > 90% extraction of Fe*
at different concentration in both types of organic phases, CHCOO:, PO.*, Br and tartrate ions gave the best extraction
of Fe* with H.BuEtP. Acids and anions behave as salting out agents or masking agents at different concentrations.
Calculated separation factors Pxr indicated that it was theoretically possible to separate Fe* from Ni** with H:PO: only
and Fe* from Pb* with H:PO. HCI, and EDTA with H.-BuEtP alone. With mixed ligands H.BuEtP/HBuP,
calculated separation factors Pxr showed that it was possible to separate Fe* from Ni** with HNO: and H:PO,, Fe*
from Pb* with HCI and oxalate, and Fe*from U(VI) with CHCOOH, PO:", Br and oxalate. The number of batches of
extraction n needed to achieve 99.9% separations are also calculated and shown.
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Contribution/ Originality

This study contributes in the existing literature for the extraction of Fe(II) from aqueous
media and offer theoretical prove of acids, anions and auxiliary complexing agents, their
concentrations and the batches of extractions 7 required for the separation of Fe(II) from Ni(II),

Pb(II) and U(VI) based on separation factors Bxy.

1. INTRODUCTION

Recent studies on extraction of metal ions from aqueous media using the 4-
acylbis(pyrazoloneimines) Schiff bases have shown that, they have excellent extraction properties
for the so far studied metal ions [1-47]. These 4-acylbis(pyrazoloneimines) derivatives have been
reported to be more stable than their less bulky 4-acyl pyrazolones and thus form more stable
metal complexes [57]. Mineral acids, ions and auxiliary complexing agents play important role in
these extractions that is usually concentration dependent. They have been shown to either act as
suppressors/inhibitors or releasing agents/enhancers in these extractions at varying
concentrations [1-3, 6, 7. The effects of common acids, ions and auxiliary complexing agents
have also been exploited in the separation of various metal ions from aqueous solutions [8, 97. In
the extraction of Fe(II) from aqueous solutions using chloroform solution of N,N’-Ethylenebis(4-
butanoyl-2,4-dihydro-5-methyl-2-phenyl-8H-pyrazol-3-oneimine (4,4"~(1E,1E")-1,1"-(ethane-1,2-
diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1 H-pyrazol-3-ol)) (H.BuEtP) as
organic phase, it was reported that pH of 8.25 was optimal pH at which quantitative extraction of
Fe(II) was achieved. The pH at which quantitative extraction of Fe(II) from aqueous solution into
the organic phase was reported to slightly drop to 8.00 in the presence of 4-butanoyl-2,4-
dihydro-5-methyl-2-phenyl-8H-pyrazol-3-one (1-(3-hydroxy-5-methyl-2-phenyl-2,3-dihydro-1H-
pyrazol-4-ylbutan-1-one) (HBuP) as a synergist in the distribution of Fe(II) between the two
phases. The extraction parameters; pH,/s, log D from extraction plots, and log K. calculated using
extraction equations derived from slope analysis showed that the values in both type of organic
phases were very close even though mixed ligands(H.BuEtP/HBuP) organic phase values were
slightly higher and better. Slope analysis also indicated that the Fe(II) complexes extracted into
both organic phases were Fe(BuEtP), and Fe(HBuEtP)(BuP), respectively [107. In continuation
of our studies on the extraction of Fe(Il) from aqueous solution using an organic phase of
chloroform solution of N,N’-Ethylenebis(4-butanoyl-2,4-dihydro-5-methyl-2-phenyl-3H-pyrazol-
3-oneimine (4,4"-(1E,1E")-1,1"-(ethane-1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-2,3-
dihydro-1H-pyrazol-3-ol)) (HeBuEtP) and to completely evaluate the performance of N,N’-
Ethylenebis(4-butanoyl-2,4-dihydro-5-methyl-2-phenyl-8H-pyrazol-3-oneimine (4,4 -(1E,1E")-
1,1"-(ethane-1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-ol))
(H:BuEtP) in the extraction of Fe(II), we have studied the extraction of Fe(II) in the presence of
some acids; CHsCOOH, HCl, HsPO,, HNOs and H.SO,, ions; Br-, CHsCOOr, CI-, F, I, PO4%, NO4~
and SO,%, and complexing agents; EDTA, oxalate, tartrate and thiocyanate ions. The effect of
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these acids, ions and complexing agents in the mixed ligands (H.BuEtP/HBUP) organic phase

was also studied.

2. MATERIAL AND METHOD

All reagents and chemicals used in the study were all analytical grade from BDH and Aldrich.
1-(8-hydroxy-5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-4-ylbutan-1-one (HBuP) (fig. 1) and
4,4°-(1E,1E")-1,1"~(ethane-1,2-diylbis(azan-1-yl-1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1H-
pyrazol-3-ol) (H:BuEtP) (fig. 2) were synthesised as described by Uzoukwu, et al. [57]. The
ligands were recrystallized from aqueous ethanol and its purity established by elemental analysis
for C, H and N. The synthesized ligand 4,4’~(1E,1E")-1,1"~(ethane-1,2-diylbis(azan-1-yl-
1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-ol) melting point was determined
with a melting point apparatus to be 234°C. Measurement of IR and NMR spectral data were
done at the Institut fur Anorganische Chemie, Technische Universitat Dresden, Germany. Stock
solutions of 0.056M HoBuEtP and 0.056M (HBuP) were prepared by dissolving appropriate mass of
the ligands in CHCls. A 2000mgl-! stock solution of Fe?* was prepared by dissolving 1.404g of
Ferrous Ammonium Sulphate [(NH4).SO4+.FeSO,.6H,O7 in 100ml volumetric flask containing
2ml of dilute sulphuric [HeSO,] made up to the 100ml mark with deionized water after addition
of 1ml of 10% hydroxyl amine solution. Buffer solutions of pH 8.00 and pH 8.25 were prepared
with 0.1 M KH.PO,/0.1 M NaOH. The actual pH of solutions was determined with a Labtech
Digital pH meter.

Two sets of 2ml aqueous solutions of 200mgl-! Fe (II) containing various concentrations
(0.001 — 1.0M) of acids, or anions with pH 8.00 and 8.25 were prepared in 10 ml extraction
bottles. Two millilitres (2 mL) solutions of 0.05 M concentration of H,BuEtP or 0.05M
H;BuEtP:0.05 M HBuP (9:1 ratio by volume) in chloroform was pipetted into the aqueous phases
in the extraction containers. 0.05M H,BuEtP organic phase was added to aqueous phases
containing Fe?* and acids or ions with pH 8.25 and 0.05M H.BuEtP:0.05 M HBuP (9:1 ratio by
volume) organic phases into aqueous solutions containing Fe?* and acids or ions with pH 8.00.
The immiscible phases were shaken mechanically for 40 minutes at a room temperature of 30 °C.
A shaking time of 40 minutes was found suitable enough for equilibration. The two phases were
allowed to settle and separated. The concentration of Fe(II) in the aqueous phase was determined
Colorimetrically with a UV spectrophotometer (Spectronic 20 Genesys) at wavelength of 520nm
[8, 117. The colour development for Iron(II) determination was by addition of 10% solutions each
of 0.1ml of hydroxylamine hydrochloric acid solution, 0.5ml of 1,10-phenathroline and 0.5ml of
sodium acetate. Fe(II) ion concentration extracted into the organic phase was determined by
difference between the concentration of Fe(II) ions in aqueous phase before and after the
extractions. Distribution ratio D was calculated as the ratio of metal ion concentration in the

organic phase (C,) to that in the aqueous phase (C). Thus D = C./C.
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The results from this study were then compared with results from extraction studies of Pb2?+
Ni%*, and UO.%* [1-37] with same ligand HoBuEtP and synergist HBuP in the presence of these
acids and ions, by calculating separation factors Pxy using equation 1.

Bxy =D«/Dy (1)
where D> Dy
Since equal volume of aqueous phase and organic phase was used during extractions, equation

2 reduced to equation 3.

C = Cyq [ Vag @
DVor + Vaq
_ n
C=Cyl__1 (3)
(D +1)

Equation 8 was used to calculate n batches of extractions needed to achieve 99.9% separation
of metal ions, where C,q is the amount of metal ions originally present in the aqueous phases and

C is the amount of one metal ion that remains in an aqueous phase after extractions.

0
OH
t Cl 3M HCl R ll IN@ + HCl
Ca(OH), ] ;

Figure 1: Reaction Synthesis of 1-(3-hydroxy-5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl)
butan-1-one (HBUP)

o *t H,;NCH,CH,;NH, / \«.\
2 = CH3CH,O0H REFLUX 2HRS
HN“""‘N OH

H,O

§ @ @

Figure 2: Reaction synthesis of 4,4 -(1E,1E7)-1,1"-(ethane-1,2-diylbis(azan-1-yl-
1ylidene))bis(5-methyl-2-phenyl-2,3-dihydro-1H-pyrazol-3-ol) Schiff base = H,BuEtP
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3. RESULTS AND DISCUSSION
3.1. Effect of Acids

As shown in fig. 3, percentage extraction of Fe(II) in the presence of mineral acids using the
organic phase H,BuEtP alone decreases as the concentration of the acids increases except for
HCI,. This has been attributed to unextractible anionic Fe(II) species which are more favourably
formed at higher acid concentrations than in dilute acid solutions ['3, 87. Okafor and Uzoukwu
[87] observed same behaviour in the extraction of Fe(III) and U(VI) with three derivatives of 1-
phenyl-3-methyl-4-acyl-pyrazolone-5. The behaviour in HCI solution could be indicating that
chloride ions from HCI is salting out Fe(II) at concentrations of HCl > 0.05M as observed by
Godwin and Uzoukwu [27 in the extraction of Pb(II) with same ligand HeBuEtP. Even though all
acids in the study gave > 90% extraction of Fe(II) at most concentrations studied, HsPO, gave the
best result as 99.8% extraction of Fe(II) was obtained at concentration of 0.1M.

In the presence of the mixed ligands HeBuEtP and HBuP (fig. 4), all the mineral acids showed
decreasing percentage extraction of Fe(II) with increasing concentration of acids, confirming that
unextractible anionic Fe(II) species are formed at higher acid concentrations. HNOgs and HsPO.,
gave the best results in the mixed ligands system as 99.93% extraction of Fe(II) was achieved at
0.01M for HNO; and 0.1M for HsPO,. The results generally showed that HBuP did not show
significant synergistic improvement in the extraction of Fe(II) with HoBuEtP.

Comparing results with those obtained for Ni(II), Pb(II), and U(VI) with same mineral acids
using the ligand H.BuEtP, it was observed that calculated separation factors Bxy were indicating
that with the ligand H.BuEtP alone, it was theoretically possible to separate Fe(II) from Ni(II)
and Pb(II). For the separation of Fe(II) from Ni(II), it was only theoretically favourable in the
presence of HsPO. only at concentrations of HsPO, from 0.001M to 0.5M where > 10* Breni was
achieved. The calculated separation factors Pxy also showed that a single batch of extraction for
separation of Fe(II) from Ni(II) was only possible at 0.5M concentration of HsPO, where > 10°
Breni was gotten. However, for the separation of Fe(II) from Pb(II), it was observed from results
for separation factors Preps calculations, that it was achievable with HCI at concentrations 0.1M to
1.0M and HsPO, at concentrations 0.05M to 0.1M where Prep, was > 10*. A single batch of
extraction for separation of Fe(II) from Pb(II) was also only theoretically possible with H3PO,
where > 10% Brep, was gotten,but at concentration of 0.1M (table 1). Calculated separation factors
Breu results indicated that it was not theoretically possible to separate Fe(II) from U(VI) using the
five studied mineral acids with the ligand H.BuEtP alone.

In the presence of HBuP as a synergist, calculated separation factors Bxy indicated that it was
only possible to separate Fe(II) from Ni(II) using only HNOs at concentration of 0.0056M to
0.01M. The calculated separation factor Brex; at 0.01M of HNOs gave 3.5 X 107, indicating that it
was possible to achieve separation of Fe(II) from Ni(II) with a single batch of extraction at this
HNOj; concentration only.  Calculated separation factor Prepy in the presence of HBuP showed
that, separation of Fe(II) from Pb(II) was possible with HCI at 0.005M and 0.01M and HsPO, at
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0.05M and 0.1M as Prep, was > 10*. However, quantitative separation of Fe(II) from Ni(II) in a
single batch of extraction was only theoretically possible with 0.1M of HsPO, as Prep, was 1.4 X
106 > 10°. In the presence of HBuP, separation factor Preu results indicated that it was
theoretically possible to separate Fe(II) from U(VI) using only CH;COOH at concentrations of
0.5M to 1.0M as Preu values were > 10* The results however, indicated that two batches of

extractions were theoretically required to achieve quantitative separation (table 2).
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Figure 3: Plots of % extraction of 200 mgl™ of Fe(ll) from mineral acid solutions into
0.05M H,BUELtP solution
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Figure 4: Plots of % extraction of 200 mgl™ of Fe(11) from mineral acid solutions into
0.05 M H,BuEtP-0.05 M HBUP (9:1) solution
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Table-1. Calculated Separation factors fxy > 10* with H.BuEtP alone

H:PO. EM:' %Er. Dr. %En Dni BN‘FB (0% Nre NN
0.001 96.24 25.59 0.10 0.001 2.56 2 6911
0.005 96.73 29.55 0.10 0.001 2.96 2 6911

0.01 98.40 61.44 0.10 0.001 6.14 2 6911
0.05 98.54 67.38 0.10 0.001 6.74 2 6911
0.1 99.93 142.60 0.10 0.001 14.3 1 6911
HCl EM:' %Er. Dre %Er Desb Beore (a0 Nre Nreb

Continue

0.1 97.15 34.02 0.10 0.001 3.40 2 6911

0.5 96.80 30.22 0.10 0.001 3.02 2 6911

1 91.92 11.38 0.10 0.001 1.14 3 6911
HsPO. EM] %Er. Dre %Ers Desy Brore (ot Nre Nreb

0.05 98.54 67.38 0.10 0.001 6.74 2 6911

0.1 99.30 142.60 0.10 0.001 14.8 1 6911

EDTA [M:] %Er. Dr. %Ers Dro Beore (10%) Nre Nrb
0.001 80.92 4.24 0.10 0.001 8.09 4 6911
0.005 54.67 1.36 0.10 0.001 5.47 8 6911

Table-2. Calculated Separation Factors Pxy > 10* with H,BuEtP and HBuP

HNOsEM] %EFe DFe %ENi DNi ﬂNipe (,04) Nre nni
0.005 94.50 17.18 0.10 0.001 1.72 2 6911
0.01 99.93 1435.00 0.40 0.004 35.00 1 1688
H,PO. EM:I %Er. Dr. %Ex: D BN‘“ (10" Nre Nni
0.1 99.93 1435.00 9.85 0.100 1.44 1 73
HCl1 EM] %Er. Dr. %Ers Do Brore (10% Nre Neb
0.005 97.63 41.24 0.10 0.001 4.12 2 6911
0.01 98.61 70.80 0.10 0.001 7.08 2 6911
CH:COOH EM] %Er. Dre %Ev Dvu Bure 10 Nre Nnu
0.5 0.10 0.001 97.98 48.50 4.85 6911 2
1 0.10 0.001 95.96 23.75 2.38 6911 2
PO.*> EM] %Er. Dre. %Eu Dvu Bur. 10 Nre Nu
0.05 99.92 1280.00 9.06 0.10 1.28 1 73
BI"EM] %Ere. Dre %Eu Dvu Bure 10 Nre nu
0.5 94.84 18.86 0.10 0.001 1.84 2 6911
Oxalate[M] %Er. Dr. %Ers Drs pryc(m“) Nre Nrb
0.1 0.10 0.001 94.36 16.79 1.68 6911 2
Oxalate[M] %Er. Dr. %Eu Dv Bure 10 Nre nu
0.1 0.10 0.001 96.56 28.09 2.81 6911 2

3.2. Effect of Common Anions

The percentage extraction of Fe(II) in aqueous solutions containing the four anions into
organic chloroform solution of the ligand H.BuEtP in fig. 5 showed increasing percentage
extraction as the concentration increases. This was attributed to formation of unstable anionic
Fe(II) species which permitted the ligand HoBuEtP to form an extractable complex with Fe(II) at
these concentrations. With the ligand alone H.BuEtP, 0.06M of the anions was observed as the

highest concentration at which maximum extraction was attained for all four anions as above this
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concentraion the percentage extraction begin to decrease. This indicated that above 0.05M
concentration of anions different types of anionic species of Fe(II) that are more stable and less
hydrophobic were formed and as such the percentage extraction begins to drop. This salting out
at lower concentrations and masking at higher concentrations of anions has been reported in
many related researches [1, 6, 87. In the ligand HoBuEtP only organic phase, > 95% extraction of
Fe(II) was achieved for all the anions studied and CHsCOO- was observed as the anion that gave
the best percentage extraction of Fe(Il) with 99.93% extraction. The extraction of Fe(II) from
aqueous solutions containing the anions using an organic chloroform solution of the ligand
H,BuEtP in the presence of HBuP shown in fig. 6 gave similar results as those obtained with the
ligand HoBuEtP alone. This indicated that HBuP did not synergistically enhance the distribution
of Fe(IT) from the aqueous media containing the various anions into the mixed ligands organic
phase. With the mixed ligands, CH;COO- was also observed as the anion that gave the best
percentage extraction of Fe(Il) with 94.69% as the lowest percentage extraction at 0.5M, while
PO.?* gave the highest percentage extraction at 0.05M. However, with the mixed ligands system
masking of Fe(II) was very pronounced at 0.5M of NOs7(13.27%) and SO4%:(0.63%) as against
64.48% extraction of Fe(Il) being the lowest percentage extraction obtained for SO.%* in the
ligand HoBuEtP alone system.

Calculated separation factors of Fe(II) for Pb(IT) and U(VI) indicated that, theoritically it is
not possible to separate Fe(II) from Pb(II) using the four anions with the ligand HoBuEtP both in
the absence and presence of HBuP as separation factors Brep, were all < 10*. However, Breu shown
in Table 1 indicated that while it was theoretically not possible to separate Fe(II) from U(VI) from
an aqueous solution containing the two metal ions with the four anions with the ligand HeBuEtP
alone, it was only theoretically possible to separate Fe(II) from U(VI) with the PO,% at 0.05M
with the mixed ligands H.BuEtP and HBuP as separation factor Preu of 1.28 X 10* was gotten as

shown in table 2.
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Figure-5. Plots of % extraction of 200 mgl-! of Fe (II) in anions solutions into 0.05 M He BuEtP solution
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Figure-6. Plots of % extraction of 200 mgl-' of Fe (II) in anions solutions into 0.05 M Hz BuEtP-0.05 M HBuP (9:1)

solution
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3.3. Effect of Halogen Anions

The percentage extraction of Fe(II) in aqueous media containing the halogen anions in fig. 7
and fig. 8 showed that as the concentraion of the anions increases, the percentage extraction of
Fe(II) increases and reaches a maximum at a particular concentraion of each halogen anion. While
this behaviour was reported by Godwin and Uzoukwu, 2012a, for only Br- and I- in the extraction
of Pb(II), same behaviour was observed for all the halogen anions in the extraction of Ni(II) [1]
and U(VI) [8] with the same ligand HoBuEtP. This has been attributed to formation of unstable
anionic complexes of metals at lower concentrations of halide ions that enable formation of
hydrophobic metal ligand complexes that distribute more into organic phases and formation of
stable anionic complexes of metals at higher concentrations of anions, which are very hydrophilic
and reduces distribution of metals into organic phases [1, 6, 87]. That is, anions of the halogens
like other studied anions behave as salting out agents at lower concentrations and masking agents
at higher concentraions.

Fig. 7 showed that, even though > 95% of extraction was attained with all the halogen
anions, with the ligand HeBuEtP alone, highest percentage of extraction of Fe(II) from aqueous
solutions containing halogen anions was achieved at mostly different concentrations of the
halogen anions; I- 0.006M(%E = 96.49), Cl- (%E = 96.69); I'- (%E = 95.39) at 0.05M and Br- (%E
= 97.78) at 0.1M. Results from fig. 8, however indicated that in the mixed ligand organic phase
(H:BuEtP/HBuP), the highest percentage extraction of Fe(II) was gotten at 0.01M for almost all
of the halogen anions (I-, Cl- and F-) with the exception of Br(%E = 96.21 at 0.1M). Comparing
results in the absence and presence of HBuP revealed that HBuP did not enhance the extraction of
Fe(II) with the halogen anions as results of extraction of Fe(II) with HeBuEtP alone, where even
slightly better those obtained with the mixed ligands(H,BuEtP/HBuP) organic phase. Br- in both
H,BuEtP alone and H.BuEtP/HBuP gave the best percentage extraction of Fe(II) as > 94% was
achieved even at 0.5M of Br- in both type of organic phases. Separation factors Brepy, calculated in
the presence of halide ions indicated that it would be theoretically difficult to separate Fe(II) from
Pb(II) in an aqueous solution containing the halide ions using either the ligand HoBuEtP alone or
in a mixed ligands organic system with HBuP as all the values were < 10*. However, calculated
separation factors Pr.u indicated that while it was not theoretically possible to separate Fe(II)
from U(VI) from aqueous solutions containing the various halide ions with the ligand HoBuEtP
alone as Preu< 10% it was theoretically possible to separate Fe(II) from U(VI) only from an
aqueous solution containing 0.5M Br- with the mixed ligands HoBuEtP/HBuP organic phase as
Breu > 10%*(table 2). The nr value of 2 indicated that this separation could be only achieved with

two batches of extractions.
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Figure-7. Plots of % extraction of 200 mgl-' of Fe (II) from aqueous solutions containing Halogen anions into 0.05M H,

BuEtP solution
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Figure-8. Plots of % extraction of 200 mgl of Fe (II) from aqueous solutions containing Halogen anions into 0.05 M H.
BuEtP- 0.05 M HBuP (9:1) solution
3.4. Effect of Auxilliary Complexing Agents

The percentage extraction of Fe(II) in aqueous solutions containing the auxiliary complexing
agents into organic chloroform solution of the ligand HeBuEtP in fig. 9 showed decreasing
percentage extraction as the concentration increased above 0.001M for EDTA and Oxalate ion.
Thiocyanate ion showed increasing percentage extraction of Fe(II) upto 0.01M(96.19%) before the
percentage extraction of Fe(Il) begins to decrease. However, tartarte ion gave the highest
percentage extraction of Fe(II) with the ligand H.BuEtP as a constant 99.93% extraction of Fe(II)
was achieved from 0.001M — 0.1M before a slight reduction to 98.75% at 0.5M This behaviour has
been attributed to formation of unstable anionic Fe(Il) species which permitted the ligand
H,BuEtP to form an extractable complex with Fe(Il) at these concentrations in which high
percentage extraction of Fe(Il) was gotten. The extraction of Fe(Il) from aqueous solutions
containing the auxiliary complexing agents using an organic chloroform solution of the ligand
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HyBuEtP in the presence of HBuP shown in fig. 10 gave results with similar trend as those
obtained with the ligand HoBuEtP alone. Apart from thiocyanate ion, results obtained with the
ligand HoBuEtP alone where slightly better than those obtained with the mixed ligands
(HeBuEtP/HBuP) organic phase. This indicated that HBuP did not synergistically enhance the
distribution of Fe(II) from the aqueous media containing the various auxilliary complexing agents
into the mixed ligands organic phase. With the mixed ligands, thiocyanate ion was observed as
the complexing agent that gave the best percentage extraction of Fe(II) with 99.56% at 0.1M .
Calculated separation factors of Fe(II) for Pb(II) and U(VI) with the auxilliary complexing
agents with the ligand HoBuEtP alone indicated that, while it was theoritically not possible to
separate Fe(Il) from U(VI), table I indicated that Fe(II) could be separated from Pb(II) using
EDTA (0.001M — 0.005M) with the ligand H.BuEtP alone as separation factors Brep, were in both
cases > 10*. However, nr values of 4 and 8 indicated that four and eight batches of extractions
would be required to achieved quantitative separations. In the mixed ligands H,BuEtP/HBuP
system, calculated separation factors in fable 2 indicated that, it was theoretically possible to
separate Fe(II) from Pb(II) and U(VI) from an aqueous solution of the metals ions using only
0.1M of oxalate ion as Bxy in this medium was > 10*. Two batches of extraction are theoretically

required in both cases to attain 99.9% separation.
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Figure-9. Plots of % extraction of 200 mgl-' of Fe(II) in complexing agents solutions into 0.06M H,BuEtP solution

70
© 2014 Conscientia Beam. All Rights Reserved.




International Journal of Chemical and Process Engineering Research, 2014, 1(6): 59-72

100
20

20

——"eE EDTA IR
50
a0 —@—%k Oxalate ion
30 4 —*—%EThiccyanale
on

20 - ——%Lk Tartrate ion

10

0.001 0.01 0.1 1

Conc entration of Complexing Agents [M]

Figure-10. Plots of % extraction of % extraction of 200 mgl-' of Fe (II) in complexing agents solutions into 0.05 M »

BuEtP 0.05 M HBuP (9:1) solution.

4. CONCLUSION

All the acids, anions and auxiliary complexing agents apart from EDTA improved the
distribution of Fe(II) from the aqueous phase into the organic chloroform solution of HoBuEtP as
> 90% extraction of Fe(II) was achieved in most cases. High concentrations of acids, anions and
auxiliary complexing agents masked extraction of Fe(II) in most cases due to formation of
unextractable anionic Fe(II) species. HBuP did not synergistically improve extraction of Fe(II)

with HoBuEtP. Theoretically, from separation factors Bxy calculated it is not possible to separate

Fe(II) from U(Vi) using the ligand HeBuEtP alone.
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