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Abstract: This research aims to assess the efficiency of the synthesized corncob as a cost-effective and
eco-friendly adsorbent for the removal of heavy metals. Therefore, to carry out the intended research
project, initially, the corncob was doped with nanoparticles to increase its efficiency or adsorption
capacity. The prepared adsorbent was evaluated for the adsorption of cadmium (Cd) and chromium
(Cr) from aqueous media with the batch experiment method. Factors that affect the adsorption
process are pH, initial concentration, contact time and adsorbent dose. The analysis of Cd and Cr
was performed by using atomic absorption spectrometry (AAS), while the characterization of the
adsorbent was performed using Fourier transform infrared spectroscopy (FTIR), X-ray diffraction
(XRD), and scanning electron microscopy (SEM). The results showed that there is a significant
difference before and after corncob activation and doping with CeO2 nanoparticles. The maximum
removal for both Cd and Cr was at a basic pH with a contact time of 60 min at 120 rpm, which is
95% for Cd and 88% for Cr, respectively. To analyze the experimental data, a pseudo-first-order
kinetic model, pseudo-second-order kinetic model, and intra-particle diffusion model were used.
The kinetic adsorption studies confirmed that the experimental data were best fitted with the pseudo-
second-order kinetic model (R2 = 0.989) and intra-particle diffusion model (R2 = 0.979). This work
demonstrates that the cerium oxide/corncob nanocomposite is an inexpensive and environmentally
friendly adsorbent for the removal of Cd and Cr from wastewater.

Keywords: corncob; cerium oxide; nanocomposite; adsorption; heavy metals

1. Introduction

Water is a very precious and essential natural resource in the world. As time passes, the
quality of water is deteriorating mostly due to human activities, demographic expansion,
industrialization urban sprawl, and unrestrained consumption of natural resources [1].
Therefore, improving and preserving water quality is essential.

The metals/metalloids that have an atomic number of more than 20 and density
higher than 5 g/cm3 are known as heavy metals [2]. At relatively low concentrations,
these metals are toxic or even poisonous. Due to the non-degradable nature of heavy
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metals, they are common contaminants of water and soil and cause risks to the ecosystems;
however, toxic heavy metals in water create serious health and environmental hazards [3].
The main sources of Pb, Cd, and Cr in wastewater are paints, fertilizers, petrol, pigments,
electroplating, plastic industries cables, steel, alloys, metal polishing, and photographic
material [4,5]. Due to their high toxicity and mobility in the environment, the removal of
Cd and Cr from aqueous media should be of great concern.

Contact with heavy metals, even at very low concentrations, can be harmful to many
parts of the human body. Hence, the removal of heavy metals from solutions is extremely
significant [6]. Several health problems can be caused by water polluted with metallic dis-
charge as [7] stated that Cd causes osteomalacia and kidney tubular destruction. Therefore,
it is of great importance to remove heavy metals from the aquatic environment by using
cost-effective and energy efficient adsorbents.

Several methods and materials are used to depollute water loaded with heavy met-
als [8,9]. They include chemical precipitation, ion exchange, adsorption, membrane filtra-
tion, reverse osmosis, solvent extraction, and electrochemical treatment [10]. Some of these
techniques, however, have drawbacks, including a high maintenance and operational cost,
complex procedures involved in these treatments, and the generation of toxic sludge [11].
These technologies, nonetheless, have proven to be either inefficient or costly.

Furthermore, nanomaterials have some special properties, such as their size, adsor-
bent capacity, macro quantum tunnel effect, and quantum effect [12]. Because of their
reduced sizes, nanomaterials have high surface-to-volume ratios, which make them highly
reactive with discrete characteristics [13]. Hence, such variable properties are related to the
remarkable reactivity and adsorption capacity of these nanomaterials.

CeO2 is a lanthanide, a rare Earth metal oxide that has a face-centered cubic struc-
ture [14]. In recent years, CeO2 has attracted much attention due to its exceptional physical
and chemical properties. The morphologies, microstructures, characterizations, and theo-
retical studies of cerium-based nanomaterials have been widely examined in the past few
years with some extraordinarily encouraging outcomes [13].

Agricultural waste materials have received great attention and are considered alterna-
tive adsorbents mainly due to their easy availability, cost-effectiveness, and high efficiency
of a different kind of heavy metal ions adsorption [15,16]. Hence, the availability and
abundance of agro-wastes make them a good source of raw materials for natural adsor-
bents. Agro-waste materials include a variety of functional groups, such as lignin, lipids,
hemicelluloses, proteins, water, hydrocarbons, starches, and simple sugars. Specifically,
agro-materials have cellulose and exhibit a high sorption capability for a variety of con-
taminants [17]. Such waste material can be used as cheap adsorbents, which would have
double of advantages, especially in environmental and economic terms.

Corn is a common cereal crop grown in various parts of the world [18]. The corn
milling process produces corncobs that are very voluminous and a costless agricultural
waste. The numerous polymeric materials of corn cob contain many functional groups [19].
Corncobs are very rich in cellulose and hemicelluloses and are comprised 44% of cellulose.
Cellulose has hydrophilic characteristics due to the presence of hydroxyl groups in each
polymer unit [20]. Corncob can be used as an adsorbent for the removal of heavy metals
due to the presence of lignin, cellulose, pectin, and hemicelluloses, which possess functional
groups as binding sides for metal ions [21]. The corncobs are considered carbonaceous
materials, but a large amount of them end up in landfill as waste.

This study aims to examine the adsorption behavior of selected heavy metals on a
CeO2/corncob nanocomposite from aqueous solutions and thus the possibility to remove
Cd and Cr heavy metals from wastewater. Corncobs are produced in large amounts in
Pakistan and, instead of being dumped in landfills, they can be used as a green solution for
the removal of Cd and Cr from wastewater.

The purposes of this research are: (i) the synthesis and characterization of the dried
corncob nanocomposite; (ii) the application of the nanocomposite for the efficient removal
of heavy metals from aqueous media; and (iii) to study the effect of pH, initial concentration,
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dose, and contact time required for bio-sorption. To our knowledge, no work has been
reported on a cerium oxide corncob nanocomposite as an adsorbent for the removal of
heavy metals from wastewater.

2. Materials and Methods
2.1. Chemicals

All chemicals used in the present work were of analytical purity. The chemicals
used were potassium chromate, cadmium chloride, sodium hydroxide, hydrochloric acid,
ethanol, and acetone. The chemicals were purchased from Prime Chemicals Corporation
(Pvt), Ltd. (Karachi, Pakistan).

2.1.1. Preparation of Corncob

Maize corncobs were collected from the local market of Swat KPK, and external
materials, such as dirt and sand, were removed from corncobs. They were washed with
tap water and then the sample materials were sun-dried for 8–10 days. The sun-dried
samples were cut into small pieces and then crushed into a fine powder using a grinder.
The crushed fine powder was washed with distilled water. The procedure of washing was
repeated until the corncob crushed powder was colorless and then it was dried at 80 ◦C for
8 h.

2.1.2. Activation of the Corncob

After properly drying, 10 g of pre-activated corncob and 100 mL 2 M NaOH solution
were placed in a 500 mL reaction kettle and heated at 80 ◦C with 200 rpm for 7 h. the
corncob sample was treated with NaOH to remove impurities, which increased the ad-
sorption capacity of the corncob, as Hoyos-Sánchez et al. [22] reported that washing rice
husks with NaOH increased their adsorption capacity. According to Kumar and Bandy-
opadhyay [23], washing the adsorbent with NaOH also removes the impurities that can
disturb the adsorption process.

Further, the obtained corncob sample was filtered out overnight and the material
was washed until the filtrate became colorless and neutral. Approximately after 12 to
14 washings, it became colorless and neutral, and was then treated in hydrochloric acid (2
M) underwater bath at 80 ◦C for 25 min to eliminate the remaining alkali metal elements in
the material. Finally, this prepared activated corncob was washed until the filtrate became
neutral and dried in an oven overnight at 60 ◦C.

2.1.3. CeO2 Nanoparticle

The co-precipitation method was used for the preparation of cerium oxide nanoparti-
cles as reported by [24].

2.1.4. Preparation of Nanocomposites of Cerium Oxide and Activated Corncob

A total of 5 g of activated corncob powder was mixed with 1 g of CeO2 nanoparticles,
disseminated in 30 mL of distilled water, and stirred through a magnetic stirrer for half
an hour. The prepared sample was moved to a 50 mL reactor and heated at 80 ◦C for 12 h,
washed two times with ethanol and distilled water, followed by drying in an oven at 60 ◦C.
This product was marked as a CeO2/Corncob nanocomposite.

2.1.5. Calcination

CeO2/corncob nanocomposite was placed in a muffle furnace at 500 ◦C for 2 h
for calcination. This fine powder was then placed in a desiccator and ready to use as
CeO2/corncob nanocomposite.

2.2. Characterization

Scanning electron microscopy was carried out at different magnifications to study
the surface morphology of the corncob and CeO2/corncob nanocomposite by using
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KYKEM6900 (Eindhoven, The Netherlands). SEM was carried out at voltage 30 KV, cur-
rent 2.7 A, and distance 10–15 mm. The XRD patterns of corncob and CeO2/corncob
was obtained by using D8 Advance X-ray powder diffraction microscopy. The functional
groups on adsorbent surfaces were identified by the FTIR technique (PerkinElmer, Waltham,
MA, USA) at an infrared (IR) range of 4500–500 cm−1; to conduct the FTIR spectroscopy,
approximately 0.6 mg of the sample was used.

Batch Adsorption Experiment

CeO2/corncob nanocomposite was applied as an adsorbent for the removal of Cd and
Cr. The stock solution of metal salts was prepared in distilled water and dilutions were
made to prepare the working solutions. The stock solution of Cd and Cr was prepared
in 100 mL concentration by using CdCl2 and K2CrO4, NaOH and HCl were used for the
adjustment of the pH. The batch experiment was carried out under variable parameters of
the initial concentration of metal ions, pH, and dose of the adsorbent at a steady shaking
speed of 100 rpm and contact time 60 min.

By adding 0.01 M HCl or 0.01 M NaOH, the pH of the solution was settled; the pH of
the solution was measured using a pH meter (inoLab). The concentration of the Cd and Cr
in the solution was measured with the help of an atomic absorption spectrophotometer
(AA-7000 SHIMADZU, Eindhoven, The Netherlands).

3. Results and Discussion
3.1. Scanning Electron Microscopy (SEM) Analysis

SEM micrographs of the samples of corncob are depicted in Figure 1a,b. It is evident
from the image that the corncob is a smooth material without any pores. Figure 2a,b
represents the surface morphology of the CeO2/corncob nanocomposite, possessing a large
number of tiny pores; as Rangabhashiyam et al. [25] stated, for an efficient biosorption, an
internal surface and pores are necessary.
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3.2. Fourier Transform Infrared Spectroscopy (FTIR)

Functional groups on adsorbent surfaces can be effectively identified by the FTIR
technique, which is capable of adsorbing pollutant ions [26]. Figure 3 indicates the FTIR
spectrum of the corncob and CeO2/corncob nanocomposite, and an examination of the sur-
face of the adsorbent before and after the nanocomposite formation showed the functional
groups involved in the activation and modification of the surface area of the adsorbent.
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A broadband in the region of 3410 cm−1 indicates the inner and outer –OH stretching
vibrations. The peak obtained at 2939 cm−1 is due to the C–H stretching of aliphatic carbon.
The amount of 1636 cm−1 may represent OH bending of water or may be attributed to the
COO symmetric stretching of hemicellulose, lignin, and amino groups [27]. The presence
of the above-mentioned functional groups matches with the previous literature [28]. In
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comparison, it can be observed from Figure 3 that there is a significant difference in the
FTIR spectra of the corncob and CeO2/corncob nanocomposite. The peaks witnessed at
3410 cm−1, 2939 cm−1, and 898 cm−1 are diminished in CeO2/corncob spectra, which
shows that –OH and C-H linkages break due to the presence of CeO2 in the structure. This
shows the successful formation of CeO2/corncob nanocomposite.

3.3. X-ray Diffraction (XRD) Analysis

The XRD patterns of corncob and CeO2/corncob are represented in Figure 4. The XRD
graphs demonstrate that there is a significant change in the structure of corncobs before and
after presence of CeO2. The bulk of the X-ray signal originated from the corncob substrate
in 2θ = 21.4◦ matched well with the previous literature reported by [29]. The XRD of the
CeO2/corncob nanocomposite shows three diffraction peaks at 2θ angle = 28.2◦, 47.4◦, and
56.0◦. The absence of sharp peaks confirms the amorphous nature of the CeO2/corncob
nanocomposite.
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3.4. Batch Adsorption Experiment

Batch experiments were carried out to determine the adsorption capacity of the
CeO2/corncob nanocomposite.

3.4.1. Effect of the pH on the Removal of Cd and Cr

A key controlling parameter in the bio-sorption process of toxic substances from
an aqueous solution is the pH because, during the reaction, it affects the concentration
of the counter ions on the functional groups of the adsorbent, the degree of ionization
of the adsorbate, and the solubility of the ions [30]. To examine the effect of the pH
on the adsorption of Cd and Cr, the experiment was carried out at two varying pH,
including mildly acidic (pH 5) and mildly alkaline (pH 9). According to the results given
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in Figure 5a,b, the adsorption process is quite rapid in both acidic and basic pH, but, as the
pH changed from 5 to 9, the percentage removal of Cd and Cr increased. The maximum
percentage removal at pH 9 was found to be 95% and 88% for Cd and Cr, respectively, as
Okorie et al. [28] reported that the percentage removal of Pb(II) and Cd(II) on the adsorbents
increased with an increase in pH. As the pH increased from 2 to 8, the percentage removal
of the Pb(II) increased from 14% to 99%; similarly, the adsorption of the Cd(II) increased
from 13% to 86% as the pH increased from 2 to 8. As the pH value increased, the H+ ions in
solution decreased, while H- ions increased; then, the competition between the metals and
H+ ions for the active sites of the adsorbents also reduces, which leads to an increase in
percentage removal of the adsorbent [31]. From this study, we know that pH significantly
affects the adsorption of Cd and Cr by the corncob nanocomposite. The results demonstrate
that a maximum removal of chromium was found at pH 9.

Polymers 2021, 13, x FOR PEER REVIEW 8 of 15 
 

 

  
(a) (b) 

Figure 5. Removal (in percentage) of Cd (a) and Cr (b) using the CeO2/corncob nanocomposite as a 
function of pH (at an optimum dose and concentration). 

3.4.2. Effect of the Adsorbent Dose 
The adsorbent dose plays an important role to determine the capacity of an adsor-

bent for the concentration of the adsorbate. To study the effect of the adsorbent dose, 
varied doses were used for the removal of Cr and Cd. According to the results presented 
in Figure 6a,b, it is demonstrated that, as the adsorbent dose increases, the percentage 
removal of the adsorbate also increases. The same findings have been reported by Garg et 
al. [19]: the percentage adsorption of the adsorbate increased with an increase in the dose 
of the adsorbent. As the dose of the adsorbent increases, it certainly enhances the number 
of adsorption sites and thus increases the surface area of the adsorbent [32]. It can be 
concluded from the results that the optimum dose is 20 mg because the maximum re-
moval is 95% for Cd and 88% for Cr.  

  
(a) (b) 

Figure 6. Removal (in percentage) of Cd (a) and Cr (b) using the CeO2/corncob nanocomposite as a 
function of adsorbent dose. 

3.4.3. Effect of Concentration 
The purpose of this experiment was to investigate the effect of initial concentration 

on the adsorption of heavy metals (Cd and Cr) on the CeO2/corncob nanocomposite. In 
this study, to investigate the effect of the adsorbate’s initial concentration, two adsorbate 
concentrations were chosen, namely 10 ppm and 20 ppm. According to the experimental 
results given in Figure 7, it can be concluded that the adsorption process increases with 

0

20

40

60

80

100

0 10 20 30 40 50 60

%
 A

ds
or

pt
io

n

Time (min)

Effect of pH

pH 5
pH 9

0

20

40

60

80

100

0 10 20 30 40 50 60

%
 A

ds
or

pt
io

n

Time (min)

Effect of pH

pH 5
pH 9

0

20

40

60

80

100

0 10 20 30 40 50 60

%
 A

so
rp

tio
n

Time (min)

Effect of Dose
10mg
20mg

0

20

40

60

80

100

0 10 20 30 40 50 60

%
 A

ds
or

pt
io

n

Time (min)

Effect of Dose

10mg
20mg

Figure 5. Removal (in percentage) of Cd (a) and Cr (b) using the CeO2/corncob nanocomposite as a function of pH (at an
optimum dose and concentration).

3.4.2. Effect of the Adsorbent Dose

The adsorbent dose plays an important role to determine the capacity of an adsorbent
for the concentration of the adsorbate. To study the effect of the adsorbent dose, varied
doses were used for the removal of Cr and Cd. According to the results presented in
Figure 6a,b, it is demonstrated that, as the adsorbent dose increases, the percentage removal
of the adsorbate also increases. The same findings have been reported by Garg et al. [19]:
the percentage adsorption of the adsorbate increased with an increase in the dose of
the adsorbent. As the dose of the adsorbent increases, it certainly enhances the number
of adsorption sites and thus increases the surface area of the adsorbent [32]. It can be
concluded from the results that the optimum dose is 20 mg because the maximum removal
is 95% for Cd and 88% for Cr.
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Figure 6. Removal (in percentage) of Cd (a) and Cr (b) using the CeO2/corncob nanocomposite as a function of adsor-
bent dose.

3.4.3. Effect of Concentration

The purpose of this experiment was to investigate the effect of initial concentration
on the adsorption of heavy metals (Cd and Cr) on the CeO2/corncob nanocomposite. In
this study, to investigate the effect of the adsorbate’s initial concentration, two adsorbate
concentrations were chosen, namely 10 ppm and 20 ppm. According to the experimental
results given in Figure 7, it can be concluded that the adsorption process increases with an
increase in the adsorbate’s concentration, which mainly occurs because of the increase in
the number of adsorbent sites and of the adsorbate particles. The adsorption capability in-
creased as the concentration of adsorbate increased. That is because, at low concentrations,
the ratio of the initial number of heavy metal molecules to the available surface area is low.
At a high concentration, the ratio is higher because there are fewer available sites, so the
removal rate of heavy metals depends upon the concentration. The same trend has been
observed in the adsorption of carbaryl treated with eggshells [33]. Our results are also in
agreement with [34], which explains that the percentage removal of Cr, Cd, and Cu metal
ions was increased with an increase in the concentration.

Polymers 2021, 13, x FOR PEER REVIEW 9 of 15 
 

 

an increase in the adsorbate’s concentration, which mainly occurs because of the increase 
in the number of adsorbent sites and of the adsorbate particles. The adsorption capability 
increased as the concentration of adsorbate increased. That is because, at low concentra-
tions, the ratio of the initial number of heavy metal molecules to the available surface 
area is low. At a high concentration, the ratio is higher because there are fewer available 
sites, so the removal rate of heavy metals depends upon the concentration. The same 
trend has been observed in the adsorption of carbaryl treated with eggshells [33]. Our 
results are also in agreement with [34], which explains that the percentage removal of Cr, 
Cd, and Cu metal ions was increased with an increase in the concentration. 

 
(a) (b) 

Figure 7. Removal (in percentage) of Cd (a) and Cr (b) using the CeO2/corncob nanocomposite as a 
function of initial concentration (at optimum dose). 

3.4.4. Effect of Contact Time on the Removal of Cd and Cr 
The effect of contact time on the adsorption of Cd and Cr was investigated to de-

termine the maximum time taken to attain the equilibrium. The effect of contact time was 
examined over the range of 0–60 min. It can be observed from the results, shown in Fig-
ure 8, that, as the contact time increased, the percentage removal also increased, which 
might be due to the availability of active sites in the adsorbent. The removal of Cd in-
creased from 47.8% to 95.5% as the time increased from 0 to 60 min; the removal of Cr 
increased from 33.3% to 88.5% as the time increased from 0 to 60 min, at a shaking speed 
of 120 rpm. Overall, the percentage removal for both Cd and Cr increased as the contact 
time increased from 0 to 60 min. 

0

20

40

60

80

100

0 10 20 30 40 50 60

%
 A

ds
or

pt
io

n

Time (min)

Efeect of Concentration

10ppm

20ppm

0

20

40

60

80

100

0 10 20 30 40 50 60

%
 A

ds
or

pt
io

n

Time (min)

Effect of Concentration
10ppm

20ppm

Figure 7. Removal (in percentage) of Cd (a) and Cr (b) using the CeO2/corncob nanocomposite as a function of initial
concentration (at optimum dose).



Polymers 2021, 13, 4464 9 of 14

3.4.4. Effect of Contact Time on the Removal of Cd and Cr

The effect of contact time on the adsorption of Cd and Cr was investigated to determine
the maximum time taken to attain the equilibrium. The effect of contact time was examined
over the range of 0–60 min. It can be observed from the results, shown in Figure 8, that, as
the contact time increased, the percentage removal also increased, which might be due to
the availability of active sites in the adsorbent. The removal of Cd increased from 47.8% to
95.5% as the time increased from 0 to 60 min; the removal of Cr increased from 33.3% to
88.5% as the time increased from 0 to 60 min, at a shaking speed of 120 rpm. Overall, the
percentage removal for both Cd and Cr increased as the contact time increased from 0 to
60 min.
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3.5. Adsorption Kinetics

In this research, adoption kinetic models were used to evaluate how adsorbates
interacted with the adsorbent. To study the mechanism of the adsorption process, the
experimental data were evaluated with a pseudo-first order, pseudo-second order kinetic
model, and Morris intra-particle diffusion model [35].

In 1898, Lagergren proposed the pseudo-first-order model that is expressed by the
following equation:

dqt/dt = k1(qe − qt) (1)

where qt and qe are the amount of solute adsorbed at time t (min) and at equilibrium,
respectively, and k1 (min−1) represents the adsorption rate constant. The integrated form
of this equation is represented by the following Equation (2):

log = (qe − qt) = log qt − k1t (2)

Figure 9 represents the plot of log (qe − qt) versus t. The regression values show that
the fitness of the model is not applicable for Cd and Cr. The results obtained by [34] also re-
vealed that the value of R2 for the pseudo-first-order model was poor, which demonstrated
an unfit model for the adsorption of heavy metals.
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Figure 9. Pseudo-first-order kinetic plot of metal adsorption on the CeO2/corncob nanocomposite.

The pseudo-second-order model was first applied by Ho et al. in 1996 and is repre-
sented by the following equation:

t/qt = 1/k2qe2 + t/qe) (3)

where k2 (min/mg) is the rate constant of the pseudo second order and qe is the amount
adsorbed at equilibrium (mg/g). The plot of t/qt versus t gave a straight line for Cd and
Cr with R2 values of 0.9895 and 0.9731, respectively. The experimental data were found to
be in excellent agreement with the pseudo-second-order model (see Figure 10). The same
results have been reported by [36]: the adsorption data for Cd and Cr were well fitted with
the pseudo-second-order model. It is assumed that the adsorption mechanism follows
chemisorption; the kinetics is fast; and the efficiency of each material is well suited to the
model.

The intra-particle diffusion model is represented by the following equation:

qt = kpt1/2 + C (4)

where kp represents the intra-particle diffusion rate constant (mg/g min1/2) and intercept
of plot C represents surface adsorption or the boundary effects. C is proportional to the
thickness of the boundary layer; as the value of C increases, the boundary thickness also
increases [37].

Figure 11 shows the plot of qt vs. t 0.5. The values obtained for R2 were 0.9594 for
Cd and 0.9794 for Cr, which suggests that the intra-particle diffusion model supports the
adsorption of Cd and Cr. As the line did not pass through the origin, it shows that the
intra-particle diffusion was not the only rate-controlling step, but other processes also
involved the sorption process [38].
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Figure 11 shows that the value of the intercept for Cd is 2.77 and Cr is 1.47, as [39]
stated: when the value of C, is greater than 0, the intra-particle diffusion is not the rate-
determining step in the adsorption process.
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4. Conclusions

The removal of heavy metals from wastewater is a major concern of today and poses
a great threat to human and environmental health. Therefore, this research study aimed
to investigate the efficiency of a corncob nanocomposite for the removal of heavy metals
from wastewater. For this study, the formation of a CeO2/corncob nanocomposite was
investigated using FTIR, SEM, and XRD methods. The characterization results confirm the
successful formation of the CeO2/corncob nanocomposite as observed by the clear change
in spectra of FTIR, SEM, and XRD. The batch experiment for the adsorption of heavy metals
revealed the successful removal, which is 95% for Cd and 88% for Cr. The adsorbent was
synthesized via a simple approach, but it performed excellently towards the removal of Cd
and Cr from wastewater. The results revealed that the CeO2/corncob nanocomposite is a
remarkable adsorbent for the fast removal of Cd and Cr from wastewater. The adsorption
capacity was influenced by pH, initial concentration, adsorbent dose, and contact time.
The optimal removal for both Cd and Cr was at a basic pH. A pseudo-first-order kinetic
model, pseudo-second-order kinetic model, and intra-particle diffusion model were used
for the investigation of the experimental data. The data were in good agreement with the
pseudo-second-order kinetic model and intra-particle diffusion model. A large amount of
corncobs end up in landfill as waste; due to its abundance and availability, it can be used as
an economic adsorbent for the removal of heavy metals from wastewater. Further studies
to verify the efficiency of the CeO2/corncob nanocomposite for the removal of heavy
metals in a large scale may be worthwhile to develop treatment strategies for industrial
wastewater.

Author Contributions: R.A. and M.A. conceived of the idea. S.G. and M.T.R. conducted the experi-
ment and collected the literature review. A.Q. provided technical expertise. A.Y.E., E.E.H., H.H.E. and
Z.M.E.-B. helped with the statistical analysis. R.A. and M.T.R. proofread and provided intellectual
guidance. All authors read the first draft, helped with the revision, and approved the article. All
authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by Taif University Researchers Supporting Project number
(TURSP-2020/32), Taif University, Taif, Saudi Arabia.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon fair request from
the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jabeen, A.; Huang, X.; Aamir, M. The Challenges of Water Pollution, Threat to Public Health, Flaws of Water Laws and Policies in

Pakistan. J. Water Resour. Prot. 2015, 7, 1516–1526. [CrossRef]
2. Gakwisiri, C.; Raut, N.; Al-Saadi, A.; Al-Aisri, S.; Al-Ajmi, A. critical review of removal of zinc from wastewater. Proc. Int. Conf.

Eng. 2012, 1, 4–6.
3. Bordoloi, N.; Goswami, R.; Kumar, M.; Kataki, R. Biosorption of Co (II) from aqueous solution using algal biochar: Kinetics and

isotherm studies. Bioresour. Technol. 2017, 244, 1465–1469. [CrossRef] [PubMed]
4. Ostovar, F.; Ansari, R.; Moafi, H.F. Preparation and application of silver oxide/sawdust nanocomposite for Chromium (VI) ion

removal from aqueous solutions using column system. Glob. Nest J. 2017, 19, 412–422. [CrossRef]
5. Swarnabala, J.; Sahoo, K.R. Removal of Pb(II) from Aqueous Solution Using Fruits Peel as a Low Cost Adsorbent. Int. J. Eng. Sci.

Technol. 2017, 5, 2348–4098.
6. Nuhoglu, A.; Pekdemir, T.; Yildiz, E.; Keskinler, B.; Akay, G. Drinking water denitrification by a membrane bio-reactor. Water

Resour. 2002, 36, 1155–1166. [CrossRef]
7. Igwe, J.C.; Abia, A.A. Adsorption isotherm studies of Cd (II), Pb (II) and Zn (II) ions bioremediation from aqueous solution using

unmodified and EDTA-modified maize cob. Eclética Química 2007, 32, 32–47. [CrossRef]
8. Ognibene, G.; Cristaldi, A.D.; Fiorenza, R.; Blanco, R.; Cicala, G.; Scirè, S.; Fragalà, M.E. Photoactivity of hierarchically

nanostructured ZnO–PES fibre mats for water treatments. RSC Adv. 2016, 6, 42778–42785. [CrossRef]

http://doi.org/10.4236/jwarp.2015.717125
http://doi.org/10.1016/j.biortech.2017.05.139
http://www.ncbi.nlm.nih.gov/pubmed/28576482
http://doi.org/10.30955/gnj.002225
http://doi.org/10.1016/S0043-1354(01)00344-X
http://doi.org/10.1590/S0100-46702007000100005
http://doi.org/10.1039/C6RA06854E


Polymers 2021, 13, 4464 13 of 14

9. Siracusa, V.; Blanco, I. Bio-Polyethylene (Bio-PE), Bio-Polypropylene (Bio-PP) and Bio Poly(ethylene terephthalate) (Bio-PET):
Recent Developments in Bio-Based Polymers Analogous to Petroleum-Derived Ones for Packaging and Engineering Applications.
Polymers 2020, 12, 81641. [CrossRef]

10. Wolowiec, M.; Komorowska-Kaufman, M.; Pruss, A.; Rzepa, G.; Bajda, T. Removal of Heavy Metals and Metalloids from Water
Using Drinking Water Treatment Residuals as Adsorbents: A Review. Minerals 2019, 9, 487. [CrossRef]

11. Bhatnagar, A.; Sillanpää, M.; Krowiak, W.A. Agricultural waste peels as versatile biomass for water purification—A review. Chem.
Eng. J. 2015, 270, 244–271. [CrossRef]

12. Shi, Y.; Chengzhang, W.; Zirong, X. The application and prospect of nanotechnology in animal husbandry. J. Northwest Sci-Tech
Univ. Agric. For. 2006, 34, 49–52.

13. Younis, A.; Chu, D.; Li, S. Cerium Oxide Nanostructures and their Applications. Funct. Nanomater. 2016, 3, 53–68. [CrossRef]
14. Kannan, S.K.; Sundrarajan, M. A Green Approach for the synthesis of a Cerium Oxide Nanoparticle: Characterization and

Antibacterial Activity. Int. J. Nanosci. 2014, 13, 1450018. [CrossRef]
15. Montanher, F.S.; Oliveira, A.E.; Rollenberg, C.M. Removal of metal ions from aqueous solutions by sorption onto rice bran. J.

Hazard. Mater. 2005, 117, 207–211. [CrossRef]
16. Nasernejad, B.; Zalah, E.T.; Pou, B.B.; Bygi, E.M.; Zamani, A. Comparison for biosorption modeling of heavy metals [Cr(III),

Cu(II), Zn(II)] adsorption from wastewater by carrot residues. Process Biochem. 2005, 40, 1319–1322. [CrossRef]
17. Bhatnagar, A.; Minocha, K.A. Utilization of industrial waste for cadmium removal from water and immobilization in cement.

Chem. Eng. J. 2009, 150, 145–151. [CrossRef]
18. Buah, W.; MacCarthy, J.; Ndur, S. Conversion of Corn Cobs Waste into Activated Carbons for Adsorption of Heavy Metals from

Minerals Processing Wastewater. Int. J. Environ. Prot. Policy 2016, 4, 98–103. [CrossRef]
19. Garg, K.U.; Kaur, P.M.; Garg, K.V.; Sud, D. Removal of hexavalent chromium from aqueous solution by agricultural waste

biomass. J. Hazard. Mater. 2007, 140, 60–68. [CrossRef]
20. Isa, I.; Setiawati, E.; Mohammad, E.; Kunusa, W. Utilization of Corncob Cellulose Isolate (Zea mays) as Adsorbent of Heavy Metal

Copper and Cadmium. Environ. Earth Sci. 2020, 589, 012035. [CrossRef]
21. Kaushik, P.C.; Tuteja, R.; Kaushik, N.; Sharma, K.J. Minimization of organic chemical load in direct dyes effluent using low cost

adsorbents. Chem. Eng. J. 2009, 155, 234–240. [CrossRef]
22. Hoyos-Sánchez, C.M.; Córdoba-Pacheco, C.A.; Rodríguez-Herrera, F.L.; Uribe-Kaffure, R. Removal of Cd (II) from Aqueous

Media by Adsorption onto Chemically and Thermally Treated Rice Husk. J. Chem. 2017, 8, 5763832. [CrossRef]
23. Kumar, B.; Bandyopadhyay, M. Sorption of cadmium from aqueous solution using pretreated rice husk. Bioresour. Technol. 2006,

97, 104–109. [CrossRef] [PubMed]
24. Bayahia, H. Cerium Oxide Nanoparticles as Catalyst for the Oxidation of Methanol. Orient. J. Chem. 2019, 35, 1539–1545.

[CrossRef]
25. Rangabhashiyam, S.; Nakkeeran, E.; Anu, N.; Selvaraju, N. Biosorption potentials of a novel Ficus auriculata leaves powder for

the sequestration of hexavalent chromium from aqueous solutions. Res. Chem. Intermed. 2015, 41, 8405–8424. [CrossRef]
26. Badmus, M.A.O.; Audu, T.O.K.; Anyata, B.U. Removal of lead ion from industrial wastewaters by activated carbon prepared

from periwinkle shells. Turk. J. Eng. Environ. Sci. 2007, 31, 251–263.
27. Akhtar, M.; Iqbal, S.; Kausar, A.; Bhanger, I.M.; Shaheen, M.A. An economically viable method for the removal of selected divalent

metal ions from aqueous solutions using activated rice husk. Colloids Surf. B Biointerfaces 2010, 75, 149–155. [CrossRef] [PubMed]
28. Okorie, O.H.; Ekemezie, N.P.; Akpomie, G.K.; Olikagu, S.C. Calcined Corncob-Kaolinite Combo as New Sorbent for Sequestration

of Toxic Metal Ions from Polluted Aqua Media and Desorption. Front. Chem. 2018, 6, 273. [CrossRef]
29. Rahimi, R.; Parvaz, S.; Rabbani, M. Preparation of corn cob based bioadsorbent as an effective adsorbent. In Proceedings of the

21st International Electronic Conference on Synthetic Organic Chemistry, Online Conference, 1–30 November 2017. [CrossRef]
30. Khan, S.; Farooqi, A.; Danish, I.A.; Zeb, A. Biosorption of CU(II) from Aqueous Solution Using Citrus Sinensis Peel and Wood

Sawdust: Utilization in Purification of Drinking and Waste Water. Ijrras 2013, 16, 297–306.
31. Batzias, A.F.; Sidiras, K.D. Simulation of dye adsorption by beech sawdust as affected by pH. J. Hazard. Mater. 2007, 2, 273–281.

[CrossRef]
32. Idhn, J.I.; Abdullah, C.L.; Mahdi, S.D.; Obaid, K.M. Adsorption of Anionic Dye Using Cationic Surfactant-Modified Kenaf Core

Fibers. Open Access Libr. J. 2017, 4, 1–18. [CrossRef]
33. Bakka, A.; Mamouni, R.; Saffaj, N.; Laknifli, A.; Benlhachemi, A.; Bakiz, B.; Haddad, E.M.; Taleb, A.M.; Roudani, A.; Faouzi, A. The

Treated Eggshells as a New Biosorbent for Elimination of Carbaryl Pesticide from Aqueous Solutions: Kinetics, Thermodynamics
and Isotherms. Sci. Study Res. Chem. Chem. Eng. Biotechnol. Food Ind. 2016, 17, 271–284.

34. Jain, M.; Yadav, M.; Kohout, T.; Lahtinen, M.; Vinod, K.G.; Sillanpää, M. Development of iron oxide/activated carbon nanoparticle
composite for the removal of Cr(VI), Cu(II) and Cd(II) ions from aqueous solution. Water Resour. Ind. 2018, 20, 54–74. [CrossRef]

35. Wannahari, R.; Sannasi, P.; Nordin, M.F.M.; Mukhtar, H. Sugarcane Bagass derived Nano Magnetic Adsorbent Composite
(SCB-NMAC) for removal of CU2+ from Aqueous Solution. J. Eng. Appl. Sci. 2018, 13, 1819–6608.

36. Panda, L.; Das, B.; Rao, D.S.; Mishra, K.B. Application of dolochar in the removal of cadmium and hexavalent chromium ions
from aqueous solutions. J. Hazard. Mater. 2011, 192, 822–831. [CrossRef] [PubMed]

37. Bastami, R.T.; Entezari, H.M. Activated carbon from carrot dross combined with magnetite nanoparticles for the efficient removal
of p-nitrophenol from aqueous solution. Chem. Eng. Sci. 2012, 210, 510–519. [CrossRef]

http://doi.org/10.3390/polym12081641
http://doi.org/10.3390/min9080487
http://doi.org/10.1016/j.cej.2015.01.135
http://doi.org/10.5772/65937
http://doi.org/10.1142/S0219581X14500185
http://doi.org/10.1016/j.jhazmat.2004.09.015
http://doi.org/10.1016/j.procbio.2004.06.010
http://doi.org/10.1016/j.cej.2008.12.013
http://doi.org/10.11648/j.ijepp.20160404.11
http://doi.org/10.1016/j.jhazmat.2006.06.056
http://doi.org/10.1088/1755-1315/589/1/012035
http://doi.org/10.1016/j.cej.2009.07.042
http://doi.org/10.1155/2017/5763832
http://doi.org/10.1016/j.biortech.2005.02.027
http://www.ncbi.nlm.nih.gov/pubmed/15936939
http://doi.org/10.13005/ojc/350510
http://doi.org/10.1007/s11164-014-1900-6
http://doi.org/10.1016/j.colsurfb.2009.08.025
http://www.ncbi.nlm.nih.gov/pubmed/19734025
http://doi.org/10.3389/fchem.2018.00273
http://doi.org/10.3390/ecsoc-21-04816
http://doi.org/10.1016/j.jhazmat.2006.07.033
http://doi.org/10.4236/oalib.1103747
http://doi.org/10.1016/j.wri.2018.10.001
http://doi.org/10.1016/j.jhazmat.2011.05.098
http://www.ncbi.nlm.nih.gov/pubmed/21723036
http://doi.org/10.1016/j.cej.2012.08.011


Polymers 2021, 13, 4464 14 of 14

38. Singh, K.S.; Townsend, G.T.; Mazyck, D.; Boyer, H.T. Equilibrium and intra-particle diffusion of stabilized landfill leachate onto
micro- and meso-porous activated carbon. Water Res. 2012, 146, 491–499. [CrossRef]

39. Jacob, J.J.; Varalakshmi, R.; Gargi, S.; Jayasri, M.A.; Suthindhiran, K. Removal of Cr (III) and Ni (II) from tannery effluent using
calcium carbonate coated bacterial magnetosomes. NPJ Clean Water 2018, 1, 1. [CrossRef]

http://doi.org/10.1016/j.watres.2011.11.007
http://doi.org/10.1038/s41545-018-0001-2

	Introduction 
	Materials and Methods 
	Chemicals 
	Preparation of Corncob 
	Activation of the Corncob 
	CeO2 Nanoparticle 
	Preparation of Nanocomposites of Cerium Oxide and Activated Corncob 
	Calcination 

	Characterization 

	Results and Discussion 
	Scanning Electron Microscopy (SEM) Analysis 
	Fourier Transform Infrared Spectroscopy (FTIR) 
	X-ray Diffraction (XRD) Analysis 
	Batch Adsorption Experiment 
	Effect of the pH on the Removal of Cd and Cr 
	Effect of the Adsorbent Dose 
	Effect of Concentration 
	Effect of Contact Time on the Removal of Cd and Cr 

	Adsorption Kinetics 

	Conclusions 
	References

