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Abstract
Eco-friendly and cost-effective adsorbent material was successfully synthesized from orange peel (OP). Using  H2O2, the 
modification of the prepared OP was carried out. SEM, XRD, EDX, TGA and FTIR analysis was conducted to characterize 
the modified orange peel (MOP). MOP was tested to remove  (Cd2+,  Co2+ and  Zn2+) metal ions from wastewater. From the 
results, the sorption reaction kinetics follows pseudo-second-order. It also observed that the sorption process was more fit-
ted to the Freundlich isotherm model. It was found that  Qmax values were equal to (46.25, 19.21 and 7.43) mg.g–1 for  Cd2+, 
 Co2+ and  Zn2+, respectively.

Keywords Orange peel · Cadmium · Cobalt · Zinc · Wastewater

Introduction

Environmental pollution caused by the regular release 
of industrial waste effluents into terrestrial and water has 
become a boundless problem, particularly in the twenty-first 
century. This is due to the presence of various pollutants in 
these aqueous wastes, which could have a negative impact 
on human and animal health. Due to their non-biodegra-
dability, toxicity and hazardous nature, zinc, cadmium and 
cobalt are classified as dangerous to health once they enter 
the human body through the food chain. As a result, differ-
ent legal implementations are necessary to minimize heavy 
metals and materials contaminated with radioactive ele-
ments consumption from various ecological samples based 
on pollution levels and locations. Ion exchange, flotation and 
adsorption are the most dominant techniques for liquid waste 

treatment. Adsorption is considered the most feasible and 
cost-effective method for removing metal ions from aqueous 
solutions. This is due to the development of low-cost adsor-
bents and adsorbent precursors, including the simplicity of 
handling and functionality [1].

Different organic and inorganic sorbent materials were 
investigated to remove metal ions from radioactive and non-
radioactive wastewater. El-Din et al. [2] used Nano-sized 
Prussian blue to remove 137Cs. Mansy et al. [3] used alu-
minium silicate modified with magnesia to remove 60Co, 
137Cs, and 152+154Eu from radioactive wastewater. Abdel-
Galil et al. [4] investigated the removal of 60Co, 137Cs and 
140La from radioactive wastewater using cellulose modified 
by  HO7Sb3. Recently, Hai et al. [5] studied the applicability 
of multiwall carbon nanotubes to remove  Cd2+. Several stud-
ies were conducted on the orange peel as a sorbent material 
but in activated carbon or biochar forms [6, 7].

In the present work, a feasibility study was conducted to 
evaluate the Biosorbent orange peel as a raw material modi-
fied only with  H2O2 without conversion into activated carbon 
to remove  Cd2+,  Co2+, and  Zn2+ metal ions from wastewater. 
The preparation technique, along with the material charac-
terization, was also discussed. The validation of the present 
work material includes both isotherm and kinetic models to 
understand the sorption mechanism.

 * Sara S. Mahrous 
 drsaramahrous.eaea@yahoo.com

1 Environmental Radioactive Pollution Department, Hot Labs 
and Waste Management Center, Egyptian Atomic Energy 
Authority, Cairo, Egypt

2 Analytical Chemistry Department, Hot Labs and Waste 
Management Center, Egyptian Atomic Energy Authority, 
Cairo, Egypt

3 Radioactive Waste Management Unit, Hot Labs and Waste 
Management Center, Egyptian Atomic Energy Authority, 
Cairo, Egypt

http://crossmark.crossref.org/dialog/?doi=10.1007/s10967-021-08166-0&domain=pdf


986 Journal of Radioanalytical and Nuclear Chemistry (2022) 331:985–997

1 3

Experimental

NaOH, ethanol, and  H2O2 are manufactured by Sigma-
Aldrich and used without further purification.

Preparation and modification of orange peel

Orange peel waste was collected from the Egyptian juice 
markets. The orange peel was first washed with water, then 
cut into small pieces, dried in the daylight for one day, and 
then put in the oven at 50 °C for another day. OP was crushed 
using a crushing mill. The powdered material was soaked in 
NaOH (1%) and ethanol for 24 h. The solution was filtered 
and dried at 50 °C. The OP surface modification was carried 
out as the following; about 40 g of powdered material was 
added to 500 mL of 50%  H2O2 solution and stirred at 25 °C 
for 48 h. Finally, the precipitate was washed several times 
with distilled water and kept in the oven to dry at 50 °C for 
another day. A schematic diagram describes the preparation 
and modification of OP is presented in Fig. 1.

Characterization of orange peel

Several characterizations of the prepared OP and modified 
one were carried out. The scanning electron microscope, 
SEM (JEOL-JSM-6510LA, Tokyo, Japan), was used to 
study the surface morphology. Crystal structure, particle 

size, and phase were investigated using X-ray diffraction 
XRD (Shimadzu XD-D1, Japan) equipped with Cu-kα tar-
get. Elemental analysis was carried out using the energy dis-
persive X-Ray analysis EDX model (JSM-5600 LV, JEOL, 
Japan), equipped with an Oxford Inca EDX detector for 
compositional analysis. The thermal stability of the MOP 
was tested via a thermo-gravimetric analysis TGA test (Shi-
madzu DTG-60/60H-Thermal Analyzer, Japan). Finally, the 
active function groups were identified using Fourier trans-
form infrared spectroscopy FT-IR analysis (FT-IR, Nicolet 
spectrometer, Meslo, USA).

Adsorption experiments

The batch experiments were conducted to evaluate the 
applicability of the MOP to adsorb  Cd2+,  Co2+, and  Zn2+ 
species from wastewater. Experiments were conducted in 
15 ml glass bottles with 50 mg powdered MOP and 5 ml of 
the specified cation species solution. The glass bottles were 
sealed and placed on a thermostatic shaker, set to 250 rpm 
for the studies; 298 ± 1 K has been set as the room tempera-
ture. An appropriate amount of 0.1 M HCl or  NH4OH was 
added to adjust the pH. Double distilled water was used to 
prepare the solutions for the experiment.

Experiments with solution concentrations ranging from 
50 to 500 mg.  L−1 were used to examine the effect of initial 
adsorbate concentration. Also, a contact time from 10 to 
300 min under the optimum conditions, were investigated.

Fig. 1  Graphical abstract for preparation and modification of OP
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The removal efficiency (%R) was calculated as:

The adsorption capacities at any time ( qt ) and equilibrium 
( qe ) can be calculated using the following equations:

and

The decontamination factor (DF) is calculated as:

(1)%R =
(Co − Ce)

Co

× 100

(2)qe = (Co − Ce) ×
V

m
(mg∕m)

(3)qt = (Co − Ct) ×
V

m
(mg∕m)

(4)D.F. =
Ao

Af

Results and discussion

Characterization

Scanning electron microscope

The microstructure and surface morphology of the pre-
pared OP (upper images) and MOP (lower images) at 
different magnifications power of (50, 10 and 2) µm are 
shown in the SEM micrographs in Fig. 2.

Figure 2 upper images show that the OP surface mor-
phology takes the form of well-structured layers without a 
well-defined direction due to pectin, cellulose, and hemi-
cellulose forming the orange peel with a small number 
of porous. On the other hand, the lower section of Fig. 2 
shows the surface morphology of MOP with highly het-
erogeneous cavities and pores. Also, after modifying the 

Fig. 2  SEM images a and b for 
the OP before modification at 
50 and 10 µm, images c, d and e 
are for MOP at 50, 10 and 2 µm

a b

c d

e
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OP surface, it can be seen that the modification process 
increases the active sites and cavities on the surface.

X‑ray diffraction

Figure 3 shows that the OP and MOP have an amorphous 
structure, expected from organic adsorbent materials. Also, 
the pattern shows known peaks at a 2θ value range of 
(15°–25°) which may be attributed to cellulose structure [8].

Elemental analysis using EDX

The OP and MOP elemental percentages are shown in Fig. 4, 
generated by the EDX technique and listed numerically in 
Table 1.

It is apparent from Table 1 and Fig. 4 that the highest 
concentration is attributed to carbon and oxygen, which are 
the main components in the natural orange peel. A negli-
gible percent from impurities such as Na, K, Fe Ca, and S 
was determined and may be due to the minerals naturally 
on the OP.

FTIR

The FT-IR in the OP and MOP transmission spectra appear 
in Fig.  5. In addition, the active functional groups are 
listed in Table 2. The widespread extensive band absorp-
tion around 3427.44  cm−1 corresponding to the stretching 
vibration of O–H groups was due to the intra–intermolecular Fig. 3  XRD pattern for OP and MOP

Fig. 4  EDX spectra for (OP) 
and (MOP) adsorbent material
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interactions, which occur due to carboxylic and phenolic 
groups [9]. The peak at 2925.30  cm−1 is attributed to ali-
phatic acids C–H stretching vibrations. The peak observed 
at 1732.12  cm−1 may be due to the stretching vibrations 
for C=O due to the bonds of carboxylic groups non-
ionic (–COOH, –COOCH3). The peaks at 1630.2 and 
1514.25  cm−1 correspond to skeletal aromatic vibrations of 

C=C in lignin. The peak at 1432.92  cm−1 is attributed to 
phenol -COO- symmetric vibrations. Finally, the peak at 
1100.44 cm-1 may correspond to the primary OH group in 
lignin or hemicellulose [10].

Thermal analysis TGA 

The TGA profile of MOP is shown in Fig. 6. The MOP's 
TG analysis reveals five distinct regions of mass loss up to 
700 °C. The first region reflects the initial mass loss due 
to humidity, up to 200 °C. Other mass loss regions may be 
associated with the degradation of hemicellulose, cellulose, 
and lignin, the three essential structural components of bio-
mass. [11].

From 200 to 350 °C, a significant weight loss which was 
attributed to hemicellulose decomposition, well-suited with 
those of the values described by Zapata et al. [11], which 
showed that the hemicelluloses decompose at temperatures 
between 200 and 260 °C, producing more volatiles, fewer 
tars, and fewer chars than cellulose. In a temperature range 
of 260–360 °C, the end of hemicellulose decomposition 
could be seen, with cellulose degradation taking precedence. 
The gradual lignin degradation provides the third mass loss 
stage from 360 to 450 °C. Finally, the peaks between 450 °C 
and 700 °C are attributable to char or tar remnants [11].

Adsorption Batch experiments

Effect of the adsorbent amount

The effect of adsorbent amount on removing  Cd2+,  Co2+, and 
 Zn2+ was studied, and the obtained data is shown in Fig. 7. It 
was evident from Fig. 7 that the removal of  Cd2+,  Co2+, and 
 Zn2+ has the same behaviour as it increases by increasing the 
adsorbent amount until reaching saturation at the adsorbent 
amount beyond 0.05 g. So, the optimum adsorbent dosage 
achieving the highest percent removal equals 0.05 g/5 mL.

Effect of initial concentration

The effect of the initial concentration of the adsorbate was 
studied by performing the adsorption experiment with 
different initial concentrations of  Cd2+,  Co2+, and  Zn2+ 

Table 1  Elemental composition of orange peel (OP) and modified 
orange peel (MOP) adsorbent material from EDX spectra

Element Orange peel (OP) Modified orange peel 
(MOP)

Element (%) Atomic (%) Element (%) Atomic (%)

C 35.75 44.63 38.81 47.37
O 54.63 51.21 54.49 49.94
Na 2.05 1.34 1.04 0.66
K 2.40 0.92 0.74 0.28
Ca 4.88 1.83 3.88 1.42
Fe 0.29 0.08 0.77 0.20
S – – 0.27 0.12

Fig. 5  FT-IR spectra for OP and MOP adsorbent material as a func-
tion of wavenumber  (cm−1)

Table 2  The identified active 
functional groups of OP and 
MOP adsorbent material

Wave number  (cm−1) Functional group

3427.44 -OH stretching vibrations
2925.30 C–H stretching vibrations
1732.12 C=O stretching for carboxy groups (-COOH, -COOCH3)
1630.32 and 1514.25 Skeletal aromatic vibrations of C=C
1432.92 Phenol -COO- symmetric vibrations
1100.44 primary OH group in lignin or hemicellulose
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(50–500 mg .L−1) until equilibrium was reached; results are 
displayed in Fig. 8.

The results show that the adsorption of  Cd2+,  Co2+, and 
 Zn2+ was decreased with increasing initial concentration. 
This behaviour could be described as the total number of 
moles of metal ions increases with increasing the solution 
concentration compared to the existing adsorbent active 
sites.

Effect of pH

The pH value of the solution plays a significant role in the 
adsorption process. Therefore, the adsorption experiments 
were carried out at various pH values 1–6, and the result is 

presented in Fig. 9. It is apparent that, during the pH varia-
tion, the adsorption efficiency rapidly increased at pH values 
from 1 up to 3. After that, the adsorption efficiency increase 
is slow until reaching saturation at a pH value of 5. There-
fore, pH = 5 was taken as the optimum, at which the maxi-
mum adsorption efficiency was achieved.

Effect of contact time

The effect of contact time on the adsorption process was 
studied by performing the adsorption experiment with an 
initial concentration of 50 mg .L−1 at different contact times 
ranging from (10–300) min. Data plotted in Fig. 10 shows 

Fig. 6  TGA for the MOP adsorbent material

Fig. 7  The effect of adsorbent amount on  Cd2+,  Co2+, and  Zn2+ 
removal by MOP

Fig. 8  The effect of concentration of  Cd2+,  Co2+, and  Zn2+ removal 
by MOP

Fig. 9  The effect of solution pH on removing  Cd2+,  Co2+, and  Zn2+ 
by MOP
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that the adsorption efficiency of  Cd2+,  Co2+, and  Zn2+ onto 
the MOP increased with contact time increasing. However, 
a slight decrease in the adsorption was noticed when the 
contact time reached equilibrium. The equilibrium time was 
found to be 120 min for all studied cations.

Effect of adsorbent mesh size

The effect of adsorbent mesh size on the adsorption process 
was studied by performing the adsorption experiments at 
different adsorbent mesh sizes of (125–500) µm. The results 
from the adsorption experiments are plotted in Fig. 11.

Figure 11 shows that the %removal of  Cd2+,  Co2+, and 
 Zn2+ adsorbed by MOP was increased by increasing the 
mesh size till reaching its maximum value at 315 µm.

Effect of competing ions

To simulate the influence of real water body on adsorption 
process, the effect of competing ions such as  (Na+,  Mg2+, 
and  Ca2+) at concentrations of (5,10,15 and 20) mg .L−1 
was carried out with a concentration of 50 mg  L−1 of  Cd2+, 
 Co2+, and  Zn2+. The experiment result is listed in Table 3 
and presented graphically in Fig. 12.

It is apparent from Table 3 that,  Na+  competing ion shows 
a slight decrement in the % removal than  Mg2+ and  Ca2+. 
This result may be due to the lower electrostatic interaction 
of monovalent  Na+ than studied metal ions.

Kinetic studies of adsorption

This work tested the adsorption of  Cd2+,  Co2+, and  Zn2+ at a 
temperature of 298 K with pseudo-first and Pseudo second-
order kinetic models and explained the reaction mechanism 
involved between the functional groups in the adsorbent sur-
face and the adsorbate metal ions.

Pseudo‑first‑order kinetic model

The pseudo-first-order kinetic model is stated by the follow-
ing Eq. as mentioned in [12]:

where k1  (min−1) is the pseudo-first-order rate constant, qt 
(mg.  g−1) is the amount of solute adsorbed at time t  (min) 
and qe (mg.  g−1) is the amount of solute adsorbed at satu-
ration. The values of qe and k1 are calculated by plotting 
ln(qe − qt) versus t  and calculate the slope and intercept, 
respectively. The calculation results were plotted in Fig. 13 
and listed in Table 4. If the qe obtained from experimental 
and theoretical are different, it indicates the insignificance 
of the model.

Pseudo‑second‑order kinetic model

The pseudo-second-order kinetic model is calculated from 
the following equation as mentioned by Ho and McKay [13]:

where k2 (g.  mg−1.  min−1) is the rate constant for pseudo-
second-order and qe(mg.  g−1) is the amount adsorbed at 
equilibrium. The plot of (t∕qt) ersus t  is linear and sued 
for calculating the pseudo-second-order rate constant. The 

(5)ln(qe − qt) = ln qt − k1t

(6)
t

qt
=

1

k2q
2
e

+
t

qe

Fig. 10  The effect of contact time in removing  Cd2+,  Co2+, and 
 Zn2+by MOP

Fig. 11  The effect of adsorbent mesh size in removing  Cd2+,  Co2+, 
and  Zn2+ by MOP
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kinetics adsorption behaviour of  Cd2+,  Co2+, and  Zn2+ was 
represented in Fig. 13 and listed in Table 4. Concerning the 
data in Table 4, it is evident that the pseudo-second-order 
model is well fitted (R2 > 0.997) with the experimental data 

than the first-order model (R2 < 0.968). It is also noticed that 
qe values from both theoretical and experimental are in the 
same range with slight deviation promoting the applicability 
of Pseudo second-order than the first-order.

Fig. 12  The effect of competing ions on the adsorption of  Cd2+,  Co2+, and  Zn2+ by MOP

Fig. 13  Pseudo first and second-order kinetic models
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Isotherm studies of adsorption

The Langmuir, Freundlich, and Dubinin–Redushkevich 
models were investigated in the present study to fit the 
experimental data and find the relation between equilib-
rium concentration between adsorbent and adsorbate.

Langmuir isotherm model

The Langmuir isotherm model assumes that mono-layer 
adsorption occurred on homogeneous surfaces, and it can 
be expressed by the following equation mentioned in [14]:

where Ce (mg.   L−1) is the equilibrium concentration of 
adsorbate solution, qe(mg.  g−1) is the adsorption capacity 
of the sample, b (L.  mg−1) is the adsorption coefficient, and 
Q (mg .g−1) is the mono-layer adsorptive capacity. Experi-
mental data for  Cd2+,  Co2+, and  Zn2+ fitted with Langmuir 
adsorption isotherm model is presented in Fig. 14. Data is 
well fitted with the Langmuir model, and the constants were 
derived from the slope and intercept listed in Table 5.

Freundlich isotherm model

The Freundlich isotherm model is commonly used to 
find the adsorption intensity of adsorbate surfaces with 

(7)
Ce

qe
=

Ce

Q
+

1

bQ

non-uniform energy distribution. The linear form of the 
Freundlich equation is given in [15] as:

where qe (mg.  g−1) is the amount adsorbed at equilibrium, Ce 
(mg.  L−1)is the equilibrium concentration of the adsorbate 
metal ions, and ( Kf  and n ) are Freundlich constants related 
to the adsorption capacity and adsorption intensity, respec-
tively. A plot of log(qe) against logCe is presented in Fig. 14 
as straight lines with a slope 1

n
 and an intercept Kf  . The Kf  

values were used to determine the adsorption capacities of 
the adsorbent. Table 5 shows that 1/n values were less than 
one; it indicates that the MOP has a heterogeneous surface 
nature and is favourable for the multilayer process's adsorp-
tion [7]. These results confirm that the MOP is a potential 
candidate for the adsorption of selected cations  Cd2+,  Co2+, 
and  Zn2+.

Table 5 concluded that the experimental data fit the Fre-
undlich isotherm model more than the Langmuir isotherm 
model. These results show that the MOP has a heterogene-
ous surface nature. Also, the results show that both Fre-
undlich and Langmuir are fitted well, but the Freundlich 
isotherm model is more dominant for the present work MOP.

Dubinin–Radushkevich isotherm model

Dubinin–Radushkevich isotherm is used to determine 
whether the adsorption occurred by a physical or chemical 

(8)log(qe) = logKf +
1

n
logCe

Table 3  Effect of competing 
ions with different 
concentrations on the % 
removal of  Cd2+,  Co2+, and 
 Zn2+ at pH 5.0

Cation % Removal in the presence of  Na+,  Mg2+ and  Ca2+

0 Na+ concentration (mg.  L−1) Mg2+ concentration (mg. 
 L−1)

Ca2+ concentration (mg. 
 L−1)

5 10 15 20 5 10 15 20 5 10 15 20

Cd2+ 99.0 97.0 95.5 94.0 92.5 95.0 92.7 90.0 88.0 96.0 94.3 93.1 92.5
Co2+ 94.7 93.0 91.2 89.7 88.0 92.5 90.4 89.3 87.5 93.0 91.8 90.2 89.7
Zn2+ 91.6 90.0 87.5 85.0 84.2 88.0 86.3 85.0 83.9 89.2 86.9 85.3 84.4

Table 4  Comparison between 
the experimental and calculated 
 qe values of both the first 
and second-order adsorption 
kinetics at a temperature of 
298 K for  Cd2+,  Co2+, and  Zn2+ 
concentration of 50 mg.  L−1 and 
pH 5.0

Cation Tem-
perature 
(K)

qe exp. 
(mg.  g−1)

Kinetic model

Pseudo first order Pseudo second order

k1  (min−1) qe cal. (mg.  g−1) R2 k2 (g 
.mg−1 .
min−1)

qe cal. (mg.  g−1) R2

Cd2+ 298 4.95 0.0396 2.80 0.887 0.023 5.18 0.998
Co2+ 298 4.73 0.0260 2.12 0.968 0.026 4.93 0.998
Zn2+ 298 4.58 0.0370 3.12 0.815 0.024 4.80 0.997
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process. The linearized form of this isotherm is given as the 
following equation:

where, qe is the amount of ions sorbed per gram of sorbent 
(mg .g−1), ( � ′

m
 ) is the adsorption capacity of the sorbent 

(mg .g−1), ( Ce ) is the equilibrium metal ions concentration in 
solution, ( � ) adsorption energy constant  (kJ2 .mol−2), ( R ) is 
the gas constant (kJ .K−1 .mol−1) and ( T  ) is the temperature 
in (K). A data plot between ln qe and �2 at constant tem-
perature was used to determine both � ′

m
 and � . The mean 

sorption energy ( E ) is the free energy transfer of one mole 
of solute from infinity to the surface of the adsorbent and 
was calculated as:

(9)ln qe = ln� �
m
− ��2 and � = RT ln

(

1 +
1

Ce

)
According to the E value obtained from Dubinin–Radu-

shkevich isotherm model, the type of interactions during 
the adsorption process is determined. The data obtained 
from the Dubinin–Radushkevich isotherm model were 
given in Fig. 14 and shown in Table 5.

Generally, the values of free energy change ( E ) can be:

• in the range of (1–8) kJ .mol−1, the adsorption process 
is physical,

• in the range of (8–16) kJ .mol−1, the adsorption process 
is defined by an ion-exchange mechanism,

• greater than 16 kJ  .mol−1, the adsorption process is 
chemical [3].

(10)E = (−2�)−1∕2

Fig. 14  Langmuir, Freundlich and D–R isotherm models
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In the present work, the obtained E values for  Cd2+,  Co2+, 
and  Zn2+ were 3.83, 1.51 and 2.01 kJ.  mol−1, respectively, 
indicating that physical adsorption was involved in the 
adsorption process.

Table 6 shows a comparison between the  Qmax value for 
different organic sorbent materials for the removal of  Cd2+, 
 Co2+, and  Zn2+ from wastewater.

It can be seen from Table 6 that present work, MOP has 
a relatively high maximum sorption capacity compared to 
other sorbent materials. From this result, MOP can be used 
successfully as a promising material for retaining  Cd2+, 
 Co2+, and  Zn2+ from wastewater solutions.

Application

The evaluation of the MOP in the removal of specific 
radionuclides was carried out using a low-level liquid 
radioactive waste sample. The sample characterisation 
was conducted using coaxial HPGe (GEM-series, ORTEC, 
USA) connected to a multichannel analyzer system (MCA, 
Inspector 2000 Series, Canberra, USA) for 30 min. The 
characterization result is that the sample contains 137Cs 
and 60Co with radioactivity levels of 2000 ± 44.72 and 
1700 ± 41.23 Bq.L–1., respectively. Using 0.05 g MOP 

in a 5 mL radioactive waste sample and then shaking 
at 250 rpm for 120 min. After that, the solution was fil-
tered and then counted for 30 min to find the sample's 

Table 5  Langmuir, Freundlich and D–R adsorption isotherm of  Cd2+,  Co2+, and  Zn2+ adsorption on MOP for 298 K and initial concentration of 
50 mg  L−1 and pH 5.0

¥ Saturation capacity

Cation Tem-
perature 
(K)

Isotherm model

Langmuir Freundlich Dubinin–Radushkevich

Qmax (mg.  g−1)¥ b (L .mg−1) R2 1/n kf (mg .g−1) R2 χ´m (mg.  g−1) β  (kJ2 .mol−2) E (kJ .mol−1) R2

Cd2+ 298 46.25 0.077 0.941 0.42 6.50 0.997 30.88 0.034 3.67 0.846
Co2+ 298 19.21 0.042 0.980 0.28 3.54 0.998 57.39 0.219 1.50 0.917
Zn2+ 298 7.43 0.083 0.997 0.10 3.92 0.998 14.43 0.123 1.96 0.921

Table 6  Comparison of  Qmax 
of MOP and other sorbent 
materials

Sorbent material Maximum sorption capacity  Qmax 
(mg .g−1)

Reference

Cd2+ Co2+ Zn2+

Chitosan grafted with maleic acid – 2.78 – [16]
Activated bentonite – 7.3 – [17]
Cellulose /  HO7Sb3 – 21.2 – [18]
Kaolinite – 11.0 4.9 [19]
Bagasse fly ash modified with  H2O2 – – 2.34 [20]
Polyelectrolyte-Coated Industrial Waste Fly Ash 6.4 – – [21]
Sawdust-oak modified with formaldehyde – – 6.1 [22]
Sawdust-black locust modified with NaOH – – 6.7 [22]
MWCNT-MnO2 41.6 – – [5]
SWCNT-COOH 55.89 – – [23]
MOP 46.25 19.21 7.43 Present work

Fig. 15  Gamma spectra of a radioactive waste sample before and 
after decontamination measured using HPGe detector
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final radioactivity level. The result of counting the initial 
and final waste sample is plotted in Fig. 15, and the data 
obtained are listed in Table 7.

It is evident from Table 7 that MOP is proficient in 
removing both 137Cs and 60Co from liquid radioactive 
waste samples by %eff. of 86.8 and 95.4, respectively, con-
firming the batch experiment results for Co metal ions. In 
addition, the decontamination factor reaches 21.74 in the 
case of 60Co and 7.58 for 137Cs.

Conclusion

Modified orange peel showed promising results in remov-
ing  Cd2+,  Co2+, and  Zn2+ metal ions from wastewater. It 
also showed that MOP has a suitable adsorption capacity 
for  Cd2+ (46.25 mg.g–1),  Co2+ (19.21 mg.g–1), and  Zn2+ 
(7.43 mg.g-1). The batch experiments found that the opti-
mum adsorption equilibrium time was about 120 min at 
298 K and pH 5 for all studied metal ions. The experimen-
tal results were analysed using the Langmuir and Freun-
dlich models, and it was found that the sorption process is 
more fitted to the Freundlich equation than the Langmuir. 
The obtained E value from the D–R model is below eight 
kJ.  mol–1 for  Cd2+,  Co2+, and  Zn2+ metal ions; it suggests 
that the sorption process is physical. The data indicate that 
each metal ion's adsorption kinetics on the MOP follow 
the pseudo-second-order rate expression. Finally, MOP is 
a proficient sorbent material for removing both 137Cs and 
60Co from low-level-liquid radioactive waste samples by % 
eff. of 86.8 and 95.4, respectively, with high D.F. values.
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