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Abstract

We have studied the efficiency of a low-cost biosorbent for the removal of some heavy
metal ions. In this work, orange peels (OP) powder for the removal of Fe(Ill), Cu(Il),
and Co(II) ions from aqueous solutions has been investigated. Several parameters which
affect the adsorption process have been evaluated. These parameters included; pH,
contact time, biosorbent dose, and initial metal ion concentration. Batch adsorption
studies were carried out to evaluate theses effects. The best biosorption conditions were
found as follows: pH at (4-5), biomass dosage of 0.1 g, and contact time at 30 mins.
Freundlich and Langmuir isotherm models were used to fit the adsorption data. The
adsorption capacity of OP for metal ions were also evaluated using Langmuir isotherm
model. The maximum adsorption capacities (Q,,) estimated from the Langmuir isotherm
model for Fe(IIl), Cu(Il), and Co(II) were 12.26, 129.9 and 11.48 mg/g respectively. The
Freundlich constant (n) and separation factor (Ry) values suggest that the metal ions
were favorably adsorbed onto biosorbent.

1. Introduction

Wastewater from industrial activities is the major source of aquatic pollution. Heavy
metals contamination is the major concern of the aquatic pollutants due to their toxicity
and threat to human life and the environment. Aqueous industrial wastes; which are
either discharged directly or transported into the environment, from several activities,
such as metal plating, mining, tanning, etc. cause contamination by heavy metals [1-4].

Therefore, removal of heavy metals from wastewater are too important to save public
health and environment [5]. There are several methods for treating wastewater which
contains heavy metal have been developed and evaluated. These methods include liquid
extraction or electro-dialysis [6], oxidation/reduction, ion exchange [7], filtration,
membranes and evaporation [8-11], and precipitation [12, 13]. Most of them are
extremely expensive or inefficient for metal removal from diluted solutions containing
from 1 to 100 mg/L of heavy metals [14]. For low concentration of heavy metal ions (<
100 mg. L"), adsorption methods are much preferable techniques. Activated carbon as
an adsorbent has been widely used for treating industrial wastewater. At present, the
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widespread industrial use of low-cost biosorbents for
wastewater treatment is strongly recommended, due to their
local availability, technical feasibility, engineering
applicability and cost effectiveness [15, 16]. Many
biomaterials have been studied as biosorbents for removal of
heavy metals such as clay, leaves, peels, husks, stems and
roots [17].

The aim of the this work is to study the adsorption and
removal of iron (IIT), copper (II), and cobalt (II) from
aqueous solutions wusing orange peels powder as
bioadsorbent. Adsorption equilibrium isotherms are carried
out in batch process. The effect of different experimental
conditions such as contact time, adsorbent mass, initial
concentration and pH on the percent removal and adsorption
capacity is studied. Equilibrium isotherm data are analyzed
and modeled using different models.

2. Materials and Methods
2.1 Preparation of Orange Peels Powder

The orange peels were washed and dried in an oven at
70°C for 24 hrs. The dried materials were ground using a
laboratory mill and sieved through 500 pum size fraction
using an American Society for Testing and Materials

(ASTM) standard sieve
2.2 Preparation of Metal Solutions

All chemicals used were of analytical reagent (AR) grade.
Metal stock solutions (Fe (III), Cu (II), and Co (II)) of 1000
mg/L were prepared by dissolving an appropriate amount of
Fe(NO3)3;, Cu(NO3),, and Co(NOs), salts in deionized water.
The stock solutions were diluted to the required
concentrations using deionized water. The solution pH was
adjusted using 0.1 mol/L HCI or 0.1 mol/L NaOH.

2.3 Analysis

The concentrations of metal ions in the solutions before and
after equilibrium were determined by Molecular Absorption
Spectrophotometer 6305 from JENWAY. The pH of the solution
was measured with pH Meter 3505 from JENWAY. The
determination of iron (III) and cobalt (II) as thiocyanate
complex, and copper (II) as ammonia complex were carried out
according to the published work [18, 19]. The range of
calibration curve concentrations of metal ions prepared from
stock solution varies between 1-5 ppm, 100-600 ppm, 5-40 ppm
for Fe, Cu, and Co respectively. The absorption spectra and
calibration curves for three complexes are shown in Figure 1.
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Figure 1. Absorption spectra and calibration curves for: (a) Fe(SCN)™ (b) Cu(NH3)4™ (c) Co(SCN)*™.
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2.4 Batch Biosorption Experiments

The adsorption experiments were carried out in a series of
150 mL Erlenmeyer flasks containing 50 ml of metal ions
solution, 0.500 g orange peels powder and if necessary, an
appropriate volume of HCI or NaOH solutions was used to
adjust the pH of the solution. The solutions were shaken (150
rpm) at 25°C. Then solutions were filtered by Whatman filter
paper. The removal percentage (% R) was calculated
according to the following equation:

(%R) = % x 100 (1)

Where: C, and C, are initial and final concentrations in mg.
L™, respectively. The amount of biosorption was calculated
based on the difference between the initial (C,, mg. L) and
final concentration (C,, mg. L) in every flask, as follows:

(Qe) =2 xV 2)

where Q. is the metal uptake capacity (mg. g™'), V the volume
of the metal solution in the flask (L) and M is the dry mass of
biosorbent (g)

3. Results and Discussion
3.1. Effect of pH

The effect of pH on the adsorption of Fe(Ill), Cu(Il) and
Co(Il) ions onto orange peels powder was studied because it
has been identified as one of the most important parameter that
effects metal adsorption. The studied were as follows: 2.0-8.0
for Fe and Co, and 2-6 for Cu, as shown in Figure 2. In acidic
media (pH < 3), the metal adsorption was low, which is due to
the competition ability of hydrogen ions ([H'] is high) with
metal ions to active sites on the biosorbent surface. The
maximum adsorption (higher percent removal % R) was
observed at pH between (5.0-6.0) for Fe and (4.0-5.0) for Cu
and Co. Therefore, all remaining biosorption experiments were
carried out at these pH values. Lower pH values (highly acidic
solutions —pH < 2.0) have not been studied because the overall
active sites on the biosorbent surface became positive and
completely bonded with protons, which results in lower uptake
of metal. Decreasing in percent removal at higher pH (pH > 6)
is related the formation of metal hydroxyl.
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Figure 2. Effect of pH on percent removal of metal ions.

3.2. Effect of Contact Time

The time required for the system to reach the equilibrium is an
important parameter for designing batch adsorption experiments.
Therefore, the effect of contact time on the adsorption of Fe(III),
Co(Il) and Cu(Il) onto orange peels powder has been evaluated.
The percent removal of Fe(Ill), Co(Il) and Cu(ll) increased
gradually until the contact time reached 30 min (for Fe and Co)
and 40 min (for Cu), as shown in Figure 3. Further increase in
contact time did not increase the adsorption. Therefore, the best
contact time was selected as 30 min (for Fe and Co) and 40 min
(for Cu) for further experiments.
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Figure 3. Effect of contact time on percent removal of metal ions.

3.3. Effect of Initial Metal lon Concentration

Fe(Ill), Co(Il), and Cu(Il) ions adsorption onto orange
peels powder has been investigated in batch experiments
using different initial metal ion concentrations. The relation
between metal uptake (mg. g'l) and initial metal ion
concentration is shown in Figure 4. As shown in Figure 4,
metal ion adsorption is possible at lower concentrations, but
as the concentration is increased, the driving force also
increased [21], which favored the adsorption at higher
concentrations. The equilibrium uptake of the adsorbent was
observed increasing with an increasing the initial
concentration of metal ions and then reach a maxima at a
concentration of 100 ppm and 600 ppm in the case of Co and
Cu, respectively.
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Figure 4. Effect of initial concentration on metal uptake in mg/g.

3.4. Effect of Adsorbent Dose

The adsorbent dosage is an important parameter to
determine the capacity of a biosorbent for a given initial ion
concentration. Adsorption of Fe(Ill), Cu(ll), Co(Il) onto
orange peels powder was studied by adding different dosage
of orange peels powder from 0.1 to 1.0 g in the treated
aqueous solution. Figure 5 shows metal uptake (mg. g") by
orange peels powder as a function of biosorbent dose. The
metal uptake sharply decreases with the biosorbent dose up
to 1 g. This can be explained by the fact that the surface of
the biosorption has more binding sites remain unsaturated
and the number of these sites which are available for
adsorption decreases by increasing the biosorbent dose.
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Figure 5. Effect of adsorbent dose on percent removal of metal ion.
3.5. Biosorption Isotherm

An adsorption isotherm describes the fraction of sorbate
molecules that are partitioned between liquid and solid
phases at equilibrium. Adsorption of Fe(Ill), Co(Il), and
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Cu(II) ions onto orange peels powder was modeled using two
adsorption isotherms.

3.5.1. Langmuir Isotherm

The Langmuir isotherm assumes monolayer adsorption on
a uniform surface with a finite number of adsorption sites.
Once a site is filled, no further sorption can take place at that
site. As such the surface will eventually reach a saturation
point where the maximum adsorption of the surface will be
achieved. The linear form of the Langmuir isotherm model is
described as [22]:

1 1 1

% Om | bOmCe G)

where b is the Langmuir constant related to the energy of
adsorption and Q,, is the maximum adsorption capacity (mg
/g). Values of Langmuir parameters b and Q,, were calculated
from the slope and intercept of the linear plot of 1/Q, versus
1/C, as shown in Figure 6. Values of Q,,, b and regression
coefficient R? are listed in Table 1. These values for orange
peels powder biosorbent indicated that Langmuir model
describes the biosorption phenomena favorable. The essential
characteristics of the Langmuir isotherm parameters can be
used to predict the affinity between the sorbate and sorbent
using separation factor or dimensionless equilibrium
parameter, R; expressed as in the following equation:

1

R, = “

1+bCo

The value of Ry indicated the type of Langmuir isotherm
to be irreversible (R = 0), favorable (0 < Ry < 1), linear (R,
= 1) or unfavorable (R; > 1). The R; was found to be 0.0 —
1.0 for concentration range used with metal ions, which
indicates the favorable biosorption.
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Figure 6. Langmuir isotherm for Fe, Cu, and Co ions adsorption onto
orange peels powder.

3.5.2. Freundlich Isotherm

The Freundlich isotherm model is the well-known earliest
relationship describing the adsorption process. This model
applies to adsorption on heterogeneous surfaces with the
interaction between adsorbed molecules and the application
of Freundlich equation also suggests that sorption energy
exponentially decreases on completion of the sorption centers
of an adsorbent. This isotherm is an empirical equation and
can be employed to describe heterogeneous systems and is
expressed as follows in linear form [23]:

logQ, = %logCe + logK; %)

where Ky is the Freundlich constant related to the bonding
energy. 1/n is the heterogeneity factor and n (g/L) is a measure
of the deviation from linearity of adsorption. Freundlich
equilibrium constants were determined from the plot of logQ,
versus logC,, Figure 7, on the basis of the linear of Freundlich
equation. The values of Ky, n, and R? are listed in Table 1.
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Figure 7. Freundlich isotherm for Fe, Cu, and Co ions adsorption onto
orange peels powder.

Table 1. Langmuir and Freundlich isotherm constants for biosorption of
metal ions onto orange peels powder.

Co (II) Cu (II) Fe (11I) Isotherm constants
Freundlich model

3.442 0.776 0.667 n

7.084 22.511 3.557 K

0.7951 0.9283 0.9367 R’

Langmuir model

0.202 0.001 0.038 b (L mg?)

11.481 129.870 12.255 Qn (mg gh)

0.9856 0.957 0.9853 R’

0.047 0.676 0.357 Ry

4. Conclusion

Biosorption by orange peels powder is a safe, ecofriendly
and effective method for the removal of Fe(Ill), Co(II), and
Cu(Il) ions from aqueous solutions. Biosorption process
parameters like pH, initial metal ions concentration,
biosorbent dose, and contact time were studied. The
biosorption isotherms have been well be fitted by both the
Langmuir and Freundlich models. It can be concluded that
since the orange peels powder is an easily, locally available,
low-cost adsorbent and has a considerable high biosorption
capacity, it may be treated as an alternative adsorbent for
treatment of aqueous solutions containing Fe(III), Co(Il), and
Cu(II) ions.
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