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Abstract: The present study investigated the synthesis of low cost
and environmental friendly red onion skins azo dyes derivatives
and their application as ligands for the extraction of cobalt (I1)
ions from aqueous media. The effect of pH, agitation time, ligand
concentration, and metal ion concentration on Co?" ions removal
efficiency as well as the stoichiometric coefficients were
examined. The study revealed that the azo dyes were effective in
removing Co?" ion from aqueous solution. The highest removal
efficiencies were obtained within the pH ranges 6-7. The results
also showed that the % extraction (% E) of Co®'ions increased
with agitation time and concentration of the ligand. The slope
analysis carried out on the experimental data demonstrated that
Co?"ions reacted with the ligands in 1:2 metals to ligand ratio.
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I. INTRODUCTION

obalt ion (Co?") is among inorganic compounds formed

from metals known as transitional metals. Like other
heavy metals, most of cobalt ions find their way into the
environment through waste waters discharged from nuclear
power plants as well as mining, electroplating, pigment,
metallurgical, electronic and paint industries[1], [2]. While
cobalt ions are biologically necessary and an essential
component vitamin B12 and cobalamins which play role in
red blood cells production[3], the exposure to high level of
(Co*"has been reported to cause various health effects such
vomiting, nausea, paralysis, vision problem, lung irritation,
sterility, hair loss, thyroid, low blood pressure, bone defects
and diarrhea [1], [2]. Therefore, it is important to detect and
remove cobalt (I1) ions from wastewater prior to their
discharge into the environment.

Over the vyears, different methods including chemical
precipitation, membrane separation, ion exchange, adsorption
and many others has been used in the recovery of in trace of
heavy metals from aqueous media [4]-[10]. However, it has
been reported that these methods are very expensive and
consume a lot of energy [11]. On the other hand, studies have
revealed that solvent extraction could contribute to energy
saving in extraction of valuable materials from waste sludge
(Mansur, Marcelo Borges., 2011). On the other hand, solvent
extraction presents downsides which include the emulsion

formation, dissolving of unwanted materials and loss of some
compounds. The successful application of solvent extraction
for the extraction of heavy metals for aqueous media requires
the use of ligands that can interact with the metal ions to form
insoluble compounds.

Research has shown that aromatic azo compounds have the
ability to form stable complexes with transition metal due to
the presence of the azo groups (-N=N-), oxygen heteroatoms
as well as the aromatic rings [12]-[15].A recent study carried
out by Akaho and his coworkers showed that red onion skin
extract (ROSE) azo compounds can form stable complexes
with Cu 2" jons [16]. This suggests that these azo compounds
could be used as low-cost ligands for the extraction of heavy
metals such as copper, cobalt, zinc, iron, nickel and many
others from aqueous media.

Therefore, the purpose of this study is to synthesize and
evaluate the efficiency of red onion skins azo compounds as
low cost and environmental friendly ligands for the extraction
of Co?" ions from wastewater.

Il. MATERIALS AND METHODS
I1.1. Reagents and solutions

All chemicals used for this study were of analytical grade, and
they include Aniline (C¢HsNH,), sodium nitrite (NaNO,),
sodium hydroxide (NaOH), hydrochloric acid (HCI), and
cobalt sulphate heptahydrate (CoSO,.7H,0).

11.2. Collection, pretreatment and extraction of red onion skin

The red onion skins (Allium cepa) were collected from Oil
Mil market, Port Harcourt, Nigeria. The skins were sun-dried
and grinded into powder form prior the extraction process.
Then, 200 grams of powdered red onion skins (355um) was
soaked into 500 ml of the acetone for 48 hours. Afterward, the
acetone soluble extracts were filtered off using Whatsman
filter paper (pore size: 12 um) and the filtrate evaporated in a
water bath regulated at 50°C. The extracts obtained after
evaporating the solvent was further evaporated under ambient
temperature for a couple of days, and then kept inside a
desiccator to avoid absorption of moisture.
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I1.3. Synthesis of red onion skin azo dye ligands

Two red onion skin azo dyes, aniline modified red onion skin
extract (AmROSE) and aminophenol modified red onion skin
extract (APmMROSE) azo dyes were synthesized through
diazotization and coupling processes. Aminophenol and
aniline were first diazotized following the method described
by [17]. Then, the diazonium salts obtained were coupled with
“quercetin rich” red onion skin extract. The route for the
synthesis and proposed structures of quercetin rich red onion
skin azo dyes is shown in figure 1.

[14. Extraction of Co(ll) ions and stoichiometric analysis

The extraction of copper (1) ions was carried out by shaking
together 2 mL of the aqueous phase of known pH containing
the metal ions and 2 mL of the ligand solution. After shaking,
the two phases were allowed to settle. Afterward, 1 mL
solution was pipetted from the lower (aqueous) phase, diluted
with 4 ml of distilled water and sent for AAS analysis to
determine the concentration of Co%ions remaining in the
aqueous phase. The % extraction of Co?*ions at different pH,
agitation time, ligand concentration and initial metal ions
concentration were determined. The slope analysis was
carried out by plotting the results of
log D vers log[Co(II)] and log D vers log[HL], where D and
[HL] are the distribution ratio and ligand concentration
respectively.

I1I.LRESULTS AND DISCUSSIONS
I11.1. Effect of pH

The effect of pH on the extraction of Co*ions using the
synthesized dyes is shown by figure 3.1. It can be observed
that within the pH range of 1.27 to 4.86, the extraction
efficiency (% E) of Co?" using AmMROSE azo dye increased
gradually with pH before it started dropping. The results also
showed a rapid increase in extraction efficiency of Co®*ions
using APmROSE azo dye within the pH range of 3.5 to 6.5.
Overall, there was no consistent trend observed, however, the
highest % extraction efficiencies were observed within the pH
range of 6-7 for both AMROSE and APMROSE azo dyes.
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Fig 3.1: Variation of percent extraction efficiency (% E) with pH
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Scheme 1: Route for the synthesis of flavonoid azo compounds [17]
111.2. Effect of agitation time

The effect of agitation time on the % E n of Co?*using
AmMROSE and APmROSE was studied and the results are
displayed in figure 3.2. The results show that the %E of
Co?*using AMROSE and APmROSE azo dyes increased with
agitation time. The results demonstrated that by increasing the
agitation time from 10 to 50 minutes, the % extraction
efficiency of Co?*increased from 90.3 % and 93.2 % to 98.2
% and 99.8 % using AmMROSE and APmROSE respectively.
This observation was in agreement with the results reported
by preview researchers [10], [18]-[20].However, there was no
significant change in % Extraction between the last 40 and 50
minutes, and this is possibly because the ligand active sites
had been exhausted [18].
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Fig 3.2: Variation of percent extraction efficiency (% E) with agitation time
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11.3. Effect of initial metal ions concentration

The effect of initial concentration of Co®*ions on the %E is
shown in figure 3.3. The figure reveals that increasing the in
initial concentration of the metal ions from 10 to 50 ppm had
no significant effect on the %E. This is possibly because the
active sites of the AMROSE and APMROSE had already been
saturated at 10 ppm of the metal ions [7]. This means that at
10ppm of Co®" ion, the ligands had achieved their maximum
adsorption capacity. Therefore, the initial concentration
showed no effect on the overall percentage extraction
efficiency of Co®* ions using APMROSE and AmROSE

ligands.
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Fig 3.3: Effect of initial concentration of Co ?*ions on the % E.

I11.4. Effect of azo dyes (ligand) concentration on the % E
removal

The results on the effect of red onion azo dye concentration of
the percent extraction efficiency of Co 2*ions are displayed in
figure 3.4. It can be deduced that the extraction efficiency of
Co?*gradually increases with concentration of the azo dyes
before reaching the optimum %E. The increase in the % E
with concentration of the ligand may be attributed to the
presence of more coordination sites available for binding the
metal ions [21]-[23].This was in agreement with the
observations made by preview authors [22][9]. The results
also showed that at ligand concentration higher than 0.01 M,
the percentage removal efficiency of Co®*was nearly constant,
and this is possibly as a result of the depletion of all Co*" ion
that were initially present in the medium [7].
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Fig 3.4: Effect of ligand concentration on the % E of Co**

111.5. Slope analysis for the extraction of Co?* ions

The stoichiometric coefficients between Co?*and the azo dye
ligands were obtained by using slope analysis as presented in
figures3.5 and 3.6. The stoichiometric coefficients for the
metal ions and ligands are presented in table 1, and it can be
inferred that approximately 2 mol of the ligands were
involved in the reaction with one mole of the Co **ions. This
suggests that Co®* and the azo dye ligands reacted in a molar
ratio of 1:2 as represented by equations 3.10-3.12.

Table 1: Stoichiometric coefficients for the metal ion and ligands

Co-AmROSE Co-APMROSE
m-1 -0.0233 -0.0158
0.9767 0.9842
n 2.0303 1.7754

Where m: Mole of Co*'ions ;and n: Mole of the red onion skin azo dye.
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Fig 3.5: Plot of logD versus log [Co®]
Co?* + 2UROSE =~ Co — UROSE + 2H*(3.10)
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Fig 3.6: Plot of logD versus log [Ligand]
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IV. CONCLUSION

Red onion skin azo dyes has been successfully synthesized
and applied for the removal of Co?*ions from aqueous media.
The percent extraction efficiency of the metal varied
significantly with pH of the medium as well as the agitation
time, ligands concentration and initial concentration of Co®*
ions in the medium. The slope analysis of the experimental
results revealed that the azo dyes reacted with the Co* ions in
a 1:2 metal-to-ligand molar ratio.
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