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ABSTRACT
Water pollution has increased due to human activities; consequently, it is essential to treat both surface water
and ground water so they are suitable to meet the needs of the population. This study will discuss water treatment intended to remove antimony. Antimony (Sb) is classed as a high-priority toxic pollutant because of
its adverse effects on ecosystems and human health. There are several methods for removing antimony from
water, including adsorption, coagulation, ion exchange, and electrochemical treatment. This study focuses on
the adsorption method as researchers have, in recent times, been seeking adsorbents that are environmentally
friendly and cost-effective and that do not leave a residue. The study investigates the use of orange peels treated
with acetic acid as an adsorbent to remove antimony ions from a simulated aqueous solution. The results revealed that 5 g of treated orange peels is 98.5% effective at treating water at a pH of 6, for a contact time of
150 minutes, at a mixing speed of 450 rpm.
Keywords: Antimony treatment; Antimony adsorption; Polluted water; Orange peels; Low cost material

INTRODUCTION
The issue of water scarcity and the lack of
clean water sources is becoming more and more
pressing (Bolisetty et al., 2019). Increasing levels
of contamination lead to low water quality and
high remediation costs (Kumar et al., 2019). Human activates are one of the major causes of water contamination (Hasan and Al-Tameemi, 2018;
Al-Tameemi et al., 2020; Murtadah et al., 2020).
The release of contaminated wastewater or inadequately treated wastewater causes the degradation of natural ecosystems (Zhang et al., 2019;
Al-Madhhachi et al., 2019; Hasan and Al-Madhhachi, 2018). Water may be contaminated with
organic, pathogenic, and/or inorganic contaminates (He and Li, 2020). Inorganic contaminants,
including heavy metals, are characterized by their
toxicity, non-biodegradability, and persistence in
the environment (Xiao et al., 2019). Antimony
(Sb) is a heavy metal that exists naturally in soil,
water, and sedimentary rocks. In water, it has four

different valences (+3, -3, +5, and 0), but the most
prevalent valences are Sb(V) and Sb(III) (Long et
al., 2019). Sb(V) is more abundant than Sb(III),
which has less availability and higher toxicity
(Deng et al., 2017). Toxicity, solubility, and other
properties are based on pH, as well as redox potential, with the result that the valence state Sb(V)
exists in aerobic systems, such as in surface water, whereas Sb(III) is found in redox conditions,
such as in groundwater (Deng et al., 2017).
Antimony has many industrial applications,
for example, in the manufacture of lead alloys
for the transportation industry. Other applications
are the production of industrial materials, such as
plastic, diodes, semi-conductors, as well as glass
and ceramics (Mantha et al., 2018). The use of
antimony in the industry is one of the reasons
why its concentration in the natural environment
has increased; in some cases, pollution is caused
when it is discharged into the environment without being treated (Saeidnia et al., 2016). Antimony normally exists within a concentration range
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of 0.1–0.2 μg/liter in untapped, unpolluted natural water sources. In the Yangtze River, the levels
were found to be between 0.029–0.736 μg/liter.
This is the concentration in unpolluted samples.
Anything exceeding this range would be considered indicative of abnormal interference (Long et
al., 2019). Increasing concentrations of antimony
in water, beyond its natural range, can be caused
by drainage from acid mines or the wastewater
of factory plants that use antimony. In the early
1990s, for example, the concentration of antimony in groundwater located near abandoned antimony mines in Slovakia was up to 9,300 μg/liter
(Huitzil-Tepanecatl et al., 2010). The allowable
contaminant level of antimony in drinking water, set by the Environmental Protection Agency
(EPA), is 6 μg/liter (Xi et al., 2013). Exposure to
a higher concentration than 6μg/liter negatively
impacts the respiratory system, the skin, and the
gastrointestinal system (Simeonidis et al., 2019).
Many regions and countries have taken strict measures to control the concentration of antimony in
aqueous solution. The Council of the European
Union (CEC) and the United States Environmental Protection Agency (USEPA) have categorized
antimony and its compounds as primary pollutants and have set the maximum allowable concentration of antimony in drinking water at 6 and
10 μg/liter, respectively (CEC, 1980; USEPA,
1984). China has set the maximum concentration
of antimony in drinking water at 5 μg/liter, which
is even stricter than international standards (Long
et al., 2019).
Many methods have been employed to remove antimony from contaminated water, for
example, adsorption, coagulation, and electrocoagulation (Simeonidis et al., 2019). However,
such heavy-metal treatment methods are limited
in their application as they are expensive and result in large quantities of sludge that must be disposed of. Currently, the adsorption of heavy metals is being extensively applied and has proven to
be a simple, efficient, economic, eco-friendly, and
reversible remedial technique. Numerous sorbent
materials, such as activated carbon (Hasanzadeh
et al., 2020), zeolite (Long et al., 2019), charcoal
(Selintung et al., 2020), and silica (Long et al.,
2019), have been used for the adsorption of heavy
metal. Activated carbon is the most widely used
sorbent due to its large surface area (Hsieh et al.,
2019), but high preparation costs have led researchers to investigate low-cost, sustainable, and
eco-friendly materials that can be used either as
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an adsorbent or as a raw material for the synthesis of a more economical type of activated carbon
(Maddodi et al., 2020). The cost of the adsorption
process can be further reduced by utilizing natural abandoned biomass. The use of bio-sorbents
prepared from municipal solid waste, like aluminum foil waste (Ghulam et al., 2019) or agricultural by-products, is recognized as a sustainable,
efficient, and economical remedial method. Agricultural and food waste contains large amounts of
cellulose, fermentable sugar, and hemicellulose,
which are beneficial in the adsorption of heavy
metals. Several bio-sorbents obtained from agricultural waste have been used as efficient sorbent
materials for the removal of heavy metals and serious pollutants from wastewater, such as sugarcane bagasse, almond shells (Brinza et al., 2020),
Ulva Lactuca alga (Abbas et al., 2019a), watermelon rind (Abbas and Nussrat, 2020) and white
eggshell (Abbas and Ibrahim, 2020), watermelon
rind, lemon peel (Alalwan et al., 2019), rice husks
(Abbas and Abbas, 2014; Abbas, 2015; Alalwan
et al., 2018), and pomegranate peel (Abbas et al.,
2019a). Such bio-sorbents have also been used
to treat polluted soil (Abbas et al., 2019b) and
Iraqi crude petroleum, which was treated using
eggshells (Abbas and Alalwan, 2019; Abbas and
Ibrahim, 2020; Ali et. al., 2020).
Around 71 million tons of oranges are produced annually around the world. Approximately
73% of these are consumed as fresh fruit, while
26% of the oranges are used for secondary products, primarily juice. Enormous quantities of agrifood waste are generated as a consequence of this
large-scale production. In Iraq, the cultivation of
oranges is one of the agro-economic activities
that result in large quantities of bio-waste (orange
peels). Therefore, orange peels are widely available as low-cost bio-waste. Making use of this
waste for remediation would have both economic
and environmental benefits. Widmer et al. (2010)
indicated that a large portion of the global orange
production results in waste that must be disposed
of, creating environmental and economic burdens. Several researchers have utilized orange
peels (OP) as economical, readily biodegradable
sorbents due to their physio-chemical features.
The OP consists of chlorophyll, lignin, pectin,
cellulose, pigments, amid, carboxyl, and hydroxyl surface functional groups, and other lowmolecular-weight compounds. It is an abundant
waste product that can be used for the adsorption
of heavy metals (Pandiarajan et al., 2018)
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Several synthetic and modification methods
have been used to prepare OP as adsorbents. Liang
et al. (2010) prepared orange peel xanthate for the
elimination of Cu2+, Cd2+, Pb2+, Zn2+, and Ni2+. The
researchers reported that the adsorption isotherm
accorded with the Langmuir model while the sorption kinetics accorded with pseudo-second-order.
Gupta and Nayak (2012) magnetically modified
OP for the elimination of Cd2+ from aqueous solution. Feng et al. (2009) modified OP for the adsorption of heavy metal through the interaction
of methyl acrylate with cross-linking OP. The adsorption data were in keeping with the Langmuir
equation. Pandiarajan et al. (2018) used potassium hydroxide (KOH) to activate OP that was
used for the adsorption of chlorophenoxyacetic
acid herbicides from water. The addition of oxidizing agents can alter the surface properties of
adsorbents. This indicates the feasibility of OP
for the adsorption of heavy metals from aqueous solutions. Therefore, the objectives of this
study were to investigate the feasibility of raw
OP (ROP) and acetic acid-treated OP (TOP) in
the adsorption of antimony from synthetic wastewater using a batch-mode adsorption unit and to
identify the optimum remediation conditions.

METHODS AND MATERIALS
Adsorbents
Orange peels (OP) were collected from
household waste and the waste of a selection of
fast-food stores in Baghdad, Iraq. The OP were
washed with tap water and then with ionic water
to remove impurities. The OP were cut into small
pieces, the length of which ranged between 0.5 to
2 cm. The peels were dried in two stages. They
were left in the open air, exposed to the sun, for
seven days, and then they were dried in the oven at
a temperature of 40°C for 1 hour. The dried peels
were divided into two halves. One half (representing the ROP) of the peels were kept in opaque,
sealed glass flasks until they were needed. The
other half of the peels were treated with an absolute solution of acetic acid (glacial acetic acid)
obtained from Sigma-Aldrich by soaking them in
the acid solution (at a rate of 5ml of acid/g of orange peel) for 24 hours at room temperature. The
peels were then removed from the solution and
exposed to air in a dry place, away from sunlight,
until they dried. These treated peels represent the

TOP. The TOP were stored in the same manner as
the ROP until needed.
Adsorption of antimony ions was conducted
using the ROP and TOP. Synthetic wastewater
was used during the experiment to avoid the interference of any compounds and elements likely
to be present in real wastewater. The wastewater
was prepared by dissolving 2.2 g of potassium
hexahydroxoantimonate (V) KO6Sb salt, manufactured by Sigma-Aldrich, in 1 liter of distilled
water to obtain a solution with a concentration of
1000 ppm pentavalent antimony. All aqueous solutions used in the adsorption experiments were
prepared by diluting the specified volume of the
stock solution to the required concentration.
Adsorption of Antimony
To achieve the objectives of this study, the effects of several operating conditions with different
ranges in the adsorption process were examined to
determine the maximum removal rate of pentavalent antimony ions from aqueous solutions. The
conditions studied included the acidity function
effect of the aqueous solution (pH), the initial concentration of antimony, the dose of the adsorbent
material (ROP and TOP), the agitation speed, and
the contact time, within ranges from 1 to 9, 1 to
100 ppm, 0.1 to 5 g, 100 to 500 rpm, and 10 to
180 minutes, respectively. All experiments were
conducted by mixing a specific dose of absorbent
material (the ROP or TOP dose) with 100ml of
antimony solution at a specific concentration in a
150 m conical flask in a batch system involving
a water bath shaker. The pH of the solution was
adjusted using a 0.1N solution of hydrochloric acid
(HCl) and sodium hydroxide (NaOH) obtained
from Sigma-Aldrich. After stabilizing the temperature and operating the system at the required speed,
samples were extracted and filtered using filter paper. The remaining concentration of antimony was
determined using a Shimadzu (Japan) atomic absorption spectrometer. The correction curve at the
max wavelength of 217.6 nm is shown in Figure 1.
Isotherm investigation
The equilibrium studies giving the capacity of both adsorbent and adsorbate are depicted
by adsorption isotherms, which generally represent the rate between the quantity adsorbed and
the quantity remaining in the aqueous solution
at equilibrium, at a constant temperature, pH 6
27
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Figure 1. The calibration curve of Antimony ions.

and 5, 400 rpm and 450 rpm agitation speed, for
150 minutes to ROP and TOP, respectively.
Freundlich and Langmuir isotherms are the most
established and best-known isotherms describing
the adsorption equation.
The Langmuir equation is employed to evaluate the biggest adsorption capability, which is
identical to complete monolayer coverage on the
surface of the adsorbent, and is formulated as follows (Fan et al., 2019):
𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 𝐾𝐾𝐿𝐿 𝐶𝐶𝑒𝑒
𝑞𝑞𝑒𝑒 =
(1)
1 + 𝐾𝐾𝐿𝐿 𝐶𝐶𝑒𝑒
After rearrangement, the linear form of the
above formula can be expressed as follows:
1
𝐶𝐶𝑒𝑒
𝐶𝐶𝑒𝑒
=
+
(2)
𝑞𝑞𝑒𝑒
𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 𝐾𝐾𝐿𝐿 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚

By plotting Ce/qe against Ce, the experimental
data is fitted into the above formula for linearization. Both constants KL and qmax can be estimated
from the intercept and slope, respectively.
where: qe is the sorbed metal ions on the biomass
in mg/g,
qmax is the maximum sorption capacity for
monolayer coverage in mg/g,
KL is the constant related to the affinity of
the binding site in l/mg,
Ce is the concentration of metal ions in the
solution at equilibrium in mg/l. The Langmuir isotherm is most frequently used to
describe the adsorption isotherm, which
is limited by the assumptions of uniform
energies of adsorption on the surface of
the adsorbent.
28

To determine the adsorption intensity of the
sorbent to the adsorbate, the Freundlich model
has been used as an empirical equation (Fan et
al., 2019):
1

𝑞𝑞𝑒𝑒 = 𝐾𝐾𝐹𝐹 𝐶𝐶𝑒𝑒 𝑛𝑛

(3)

The magnitude of n specifies the affinity of
the adsorbate towards the adsorbent. The above
equation is conveniently expressed in linear form
as follows:
1
ln 𝑞𝑞𝑒𝑒 = ln 𝐾𝐾𝐹𝐹 + ln 𝐶𝐶𝑒𝑒
(4)
𝑛𝑛
By plotting ln Ce against ln qe, the experimental data can be fitted into the above formula for
linearization. Both constants 1/n and ln KF can
be estimated from the intercept and slope respectively. Where KF is the constant indicative of the
relative adsorption capacity of the adsorbent in
mg/g, n is the constant indicative of the intensity
of the adsorption.
The study of adsorption dynamics defines the
contaminate uptake rate and evidently. This rate
controls the residence time of adsorbate uptake at
the solid–solution interface. The kinetics of Sb+3
adsorption on the orange peels was examined using pseudo-first-order and pseudo-second-order
kinetic models (Fan et al., 2014). The pseudofirst-order kinetic model was expressed by the
following equation (Fan et al., 2014):
ln(𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡 ) = ln 𝑞𝑞𝑒𝑒 − 𝑘𝑘1 𝑡𝑡
(5)

The values of k1 and qe were calculated using the slope and intercept values of the straight
line created by plotting ln (qe – qt)versus t. The
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sorption data were also analyzed in terms of the
pseudo-second-order model given by the following equation (Fan et al. 2014):
𝑡𝑡
1
1
=
+
𝑡𝑡
(6)
2
𝑞𝑞𝑡𝑡
𝐾𝐾2 𝑞𝑞𝑒𝑒
𝑞𝑞𝑒𝑒
By substituting the initial adsorption rate of
ℎ = 𝐾𝐾2 𝑞𝑞𝑒𝑒 2 in Equation 6, Equation 7 is expressed as:
𝑡𝑡
1
1
=
+
𝑡𝑡
(7)
𝑞𝑞𝑡𝑡
ℎ
𝑞𝑞𝑒𝑒
Plotting t/qt against t should result in a straight
line. The pseudo-second-order rate constant K2
and equilibrium adsorption capability qe were
determined using the values of the intercept and
the slope, respectively. Where qe is the amount
of metal sorbed at equilibrium in mg/g, qt is the
amount of metal sorbed at time t in mg/g, K1 is the
equilibrium rate constant of pseudo-first sorption
in 1/min, and K2 is the pseudo-second-order rate
constant in g/mg. hr.

RESULTS AND DISCUSSION
Experiments were carried out in order to determine the best conditions for the removal of
antimony Sb(V). Results revealed that the initial
concentration of the contaminant had a significant
effect on the adsorption capacity of both raw orange peels (ROP) and treated orange peels (TOP)
as adsorbents of Sb(V) ions within a pollutant
concentration range of 1 to 100ppm when the rest
of the operational factors were fixed at optimum

values. In general, the results obtained showed
that there is an inverse relationship between the
efficiency of the adsorption process and the initial concentration: the higher initial concentration value, the lower the processing efficiency, as
shown in Figure 2. When the initial concentration
of Sb(V) was 1ppm, the adsorption rate was at
its highest of 84% and 100% for both the ROP
and the TOP, respectively. At an increased initial
concentration of 100ppm, the adsorption rate was
at its lowest of 26% and 46% for ROP and TOP,
respectively.
This result can be attributed to the fact that
the amount of the adsorbent material used (ROP
or TOP) has a specific surface area; consequently,
it has a specific number of effective sites for the
adsorption of the contaminant ions, which determines the specific number of Sb(V) ions that
can be removed. When the concentration of the
contaminant is low, the amount of Sb(V) is low
with a constant volume and the ROP or TOP will
adsorb a high percentage of Sb(V) ions and only
a small amount of Sb(V) will remain in the solution. On the other hand, a high concentration of
the contaminant means that there is a high amount
of Sb(V) ions, in which case the number of nonadsorbed ions will be greater since the number
of ions adsorbed on the surface of the adsorbent
substance is constant due to the amount of the adsorbent substance being constant. For this reason,
adsorption efficiency decreases due to the high
diffusion concentration of the solution. A oneway analysis of variance (ANOVA) technique using a normality test (Shapiro-Wilk) reported the
mean values of removable antimony as 86.80%

Figure 2. Effect of initial concentration on the adsorption capacities of ROP and TOP in relation to Sb+5 ions.
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and 91.85% for the ROP and TOP, respectively.
The standard deviations of removable antimony
were 20.68% and 12.02% for the ROP and TOP,
respectively. Multiple comparisons using Tukey’s
test indicated that there was a statistically significant difference among removable percentages of
antimony at different concentrations using ROP
and TOP with a P-value of less than 0.002.
The second parameter in the evaluation of the
effectiveness of the adsorbent in pollutant removal was the dose of the adsorbent. Experiments
were carried out using between 0.1 to 5 g of adsorbent, with rest of the operational variables at
fixed optimum conditions. The results obtained
are represented in Figure 3, which shows that the
adsorbent’s efficiency removing Sb(V) ions is in
direct relation to the dose of adsorbent (ROP or
TOP). At the lowest dose of peels of 1g, the efficiency of the ROP and TOP is 75% and 86%, respectively, while it reaches its highest efficiency
of 96% and 100% at a dose of 5g for both types
of orange peels (ROP and TOP). Based on this
result, the optimum amount of sorbent was determined to be 5 g. In other words, an increase in
the amount of the adsorbent led to an increase in
adsorption capacity. This is due to the fact that the
surface area is directly proportional to the dose
of peels used. A smaller amount of peels means a
smaller surface area, with fewer effective sites, as
a result of which the amount of adsorbed Sb(V)
ions is low and the removal efficiency remains at
the lowest levels. Increasing the amount of adsorbent material leads to a greater number of effective sites and the adsorption of a greater amount

of Sb(V) ions; thus, the percentage of removal
increases. The typical dosage for adsorbent was
selected as 5 g for both ROP and TOP.
Figure 4 illustrates the effect of contact time
on the removal of Sb(V) ions. The contact time
ranged from 10 to 180 minutes, with a fixed initial Sb(V) concentration of 50ppm for ROP and
75ppm for TOP and a 5 g dose of the sorbent.
When the contact time increased, there was a
corresponding increase in pollutant elimination.
After the first 60 minutes of contact time, the
percentage of Sb(V) removal was high at 49% to
87% for ROP and at 65% to 93% for TOP. The
average rate of adsorption became slower during the second 60 minutes of contact time. The
adsorption rates were 87% to 94% for ROP and
93% to 98% for TOP. During the third period of
60 minutes, the capacity of adsorption was slowest and semi-constant. The adsorption rates were
94% to 96% for ROP and 98% to 100% for TOP.
The reason for the increased removal of Sb(V)
ions in the first contact time period of 60 minutes
and the almost constant average in the third period, once equilibrium had been achieved, was
the result of the vacant adsorbent sites being occupied by a high concentration of solute at the beginning of the contact time before being saturated
as the contact time increased; thus, an optimum
contact time of 150 minutes was selected for both
ROP and TOP.
Acidity is one of the most important factors,
so the effect of pH change was studied within
a range of 1 to 9, in order to include the acidic,
neutral, and alkaline states, with other operational

Figure 3. Effect of adsorbent dosage on the adsorption capacities of ROP and TOP for Sb(+5) ions.
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Figure 4. Effect of adsorption time on the adsorption capacities of ROP and TOP for Sb+5 ions.

variables stabilized at optimal values. The results
of the experiments indicated that the efficiency
of the adsorption process was in a non-fixed and
variable relationship with the acidic function
of the solution. There was a direct relationship
within the pH range 1 to 6, whereas there was an
inverse relationship within the pH range of 6 to
9. When the concentration of hydrogen ions increased, the pH value of the solution decreased as
the relationship between them is logarithmic. At
lower values of the acidic function, the chance of
adsorption of positive antimony ions on the surface of the peels decreases due to increased competition between them and the high-concentration
of positive protons. In addition, the surface of the
adsorbent material has a positive charge that repulses the positive antimony ions, which increases in number as the value of the acidic function of
the solution decreases. Thus, the adsorption efficiency decreases as the pH is decreased. At pH 6,
the acid effect is greatly reduced, which results in
the maximum adsorption efficiency of 73% and
99% for both ROP and TOP, respectively.
Above pH 6, the removal efficiency increases sharply until it reaches the highest level. This
may be due to an increase in the concentration of
negative hydroxide ions, which could lead to the
deposition of Sb(V) ions in the form of salts at the
bottom of the beaker, resulting in ionization and
reduced movement in the solution and thereby
reducing diffusion and ultimately increasing the
removal efficiency through sedimentation and not
adsorption. Therefore, the optimum acid value is
6, as shown in Figure 5. The best pH to remove

the maximum amount of Sb(V) ions was 6 in the
case of ROP and 5 in the case of TOP.
Figure 6 shows the effect of the agitation
speed on the removal of Sb(V) ions from aqueous
solutions, with the rest of the factors at optimum
values. It is clear from the figure that the two
variables are in a direct relationship whereby the
removal efficiency increases as the mixing speed
increases until it reaches its maximum value,
which is 74.52% and 98.52% at mixing speeds
of 400 and 450 rpm for ROP and TOP, respectively. Above this speed, the removal efficiency
becomes fixed. This is the result of diffusivity:
Increasing the mixing velocity improves the diffusion behavior of the Sb(V) ions in the solution
and so the chance of these ions being adsorbed
on the surface of the orange peel increases by the
effective functional groups. Increasing the mixing
velocity of the solution also breaks the boundary
layers surrounding the adsorbent particles, which
facilitates the movement of Sb(V) ions to the effective sites of adsorption. The removal efficiency
continues to rise until the mixing speed reaches
400 and 450 rpm. After exceeding these speeds,
there is no change in the removal efficiency as
the adsorbent particles have been saturated with
Sb(V) ions and therefore any increase in the mixing speed does not affect efficiency.
During the batch adsorption experiment, the
concentration of antimony was evaluated over the
course of contact time of 150 minutes. This was
done by introducing 5 mg of ROP into 100 ml
of the sample at pH 6 and an agitation speed of
400 rpm. Similarly, 5 mg of TOP was placed into
31
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Figure 5. Effect of pH levels on the adsorption capacities of ROP and TOP for Sb+5 ions.

Figure 6. Effect of agitation speed on the adsorption capacities of ROP and TOP for Sb+5 ions.

100 ml of the sample at pH 5 and an agitation
speed of 450 rpm. The results of the experiments
demonstrated that orange peels treated with acetic
acid (TOP) were more effective than raw orange
peels (ROP) in the adsorption of Sb(V) as they
removed 93.16% of the pollutant, in contrast to
approximately of 72.5% removed by the ROP.
Therefore, acidic conditions are the best environment for Sb(V) adsorption. To improve the rate of
Sb(V) uptake, orange peels were treated with acetic acid as a catalyst. The reason for the increase
in the removal of Sb(V) when using TOP was the
reduction in the pH of the solution. That is, when
the water pH decreased, the number of H+1 ions
increased, which resulted in more active sites
32

with a greater number of positive surface sites.
Thus, an increase in Sb(V) uptake was achieved.
The data from the experiments were employed
in the two isotherms in Figures 7 and 8. The results showed that the adsorption of Sb(V) ions by
a treated orange peel is in keeping with the Langmuir isotherm model because this model provides
a greater correlation coefficient (R2 = 1.00) value
than the Freundlich isotherm model (R2 = 0.88),
consequently confirming the assumption that the
adsorbate molecules could be adsorbed through
monolayer coverage on the surface of the adsorbent. Results showed that adsorption was
in keeping with the Langmuir model. These results are based on the assumption that maximum
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Figure 7. Langmuir isotherms of the adsorption process of ROP and TOP for Sb+5 ions.

Figure 8. Freundlich isotherms of the adsorption process of ROP and TOP for Sb+5 ions.

adsorption corresponds to a saturated monolayer
of solute molecules on the surface of the adsorbent, that the energy of adsorption is constant,
and that there is no transmigration of adsorbate
on the plane of the surface.

CONCLUSIONS
Our experiments verified that orange peels can
be used in order to reduce the level of antimony
in the water when treating polluted water in accordance with environmental regulations. Orange
peels treated with acetic acid (TOP) were more efficient than raw orange peels (ROP) in the removal of Sb(V). With a contact time of 150 minutes, a

sorbent dosage of 5 mg, and pH 6, the adsorption
capacities were elevated from 72.5% for the case
of ROP to 98.5% for the case of TOP. The results
show that the uptake of Sb(V) is influenced by
a range of parameters, such as acidity function,
the dose of orange peels, mixing speed, the initial concentration of Sb(V), as well as the contact
time. For higher adsorption of Sb(V) from the
polluted solution, an adsorbent dose of 5 g was
favorable. The uptake of Sb(V) from the solution
was increased by increasing the contact time. The
ideal contact time was deemed to be 150 minutes.
The maximum Sb(V) removal from solution was
approximately 93% at pH 5, a mixing speed of
450 rpm, using 5 g of TOP for a contact time of
150 minutes. The experimental data were fitted
33
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by the Langmuir isotherm model. Orange peels
are therefore a cost-effective and eco-friendly adsorbent for the removal of antimony from water.
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