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ABSTRACT

The heavy metals removal is an important issue in environmental cleaning from pollutants, and the
use of cheap and ecofriendly materials was a millstone in wastewater treatments. Banana bunch
dried powder (BBDP) characterized by Fourier transform infrared, X-ray diffraction, scanning
electron microscopy, energy dispersive X-ray analysis (EDAX), and particles size analyses, which
showed that it characterized by the presence of different compounds such as lignin, cellulose and
hemicelluloses. The BBDP particles size falls in a wide range started from less than 40 nm up to
1 pm. However, the mean particles size is located around 220 nm where the beak is recognized.
The capability of the use of banana bunches was collected from the market for removing Cd(II)
was examined. BBDP can be easily applied as a cheap biosorbent for Cd(II). The BBDP adsorbed
the Cd(II) in high efficiency by varying the parameters. The adsorption of cadmium ions was
verified using elemental analysis (EDAX) of the BBDP sorbent before and after the adsorption pro-
cess. Maximum removal of Cd(II) was reached after 3 h at optimum pH 4, and 150 rpm was found
98%. The kinetic and equilibrium results for Cd(II) ions sorption with different concentrations
using BBDP were analyzed. The sorption results indicated that it was a process of second order
with ion-exchange mechanism. The maximum sorption capacity at 25°C was found as 87 mg/g,
according to the Langmuir isotherm. Moreover, the diffusion rate was elaborated using intrapar-
ticle models and particulate of Dumwald-Wagner. Boyd kinetic expression analyzed the sorption
data for determining the actual step of rate-controlling.

Keywords: Cadmium; Wastewater; Banana bunch; Batch sorption; Kinetic model; Isothermal model

1. Introduction

Environmental pollution is a very dangerous and
increasing problem in developing countries, where there
are no technologies for wastewater treatment. The environ-
mental pollution with heavy metals is pervasion worldwide
with advances in the industry. Many heavy metals like nickel,

* Corresponding author.

copper, cadmium, and chromium are known as the com-
monest toxic heavy metals, which used and the prevalence
of environmental contaminants [1,2]. Low concentrations
of those metals are essential as enzymes’ co-factors, while
high concentrations cause high toxicity to the living cells
through inhibition of metabolism.

1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.
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The techniques used for heavy metals removing such
as lime coagulation, reverse osmosis, chemical precipita-
tion, ion exchange, and solvent extraction are often inef-
fective, high cost, and highly harmful to the environment
with comparing to adsorption. Nowadays agricultural
wastes are receiving great attention as adsorbents for toxic
metals from industrial wastewater in general and Cd(II)
especially [3-6]. Biosorption is an alternative to the used
environmental technologies in removing and recovery
of heavy toxic ions from solutions [7].

Metal accumulation generally falls into two categories,
biosorption up-taking by not growing, nonliving biomasses
and biomasses products, and living organisms’ bioaccu-
mulation [1,8-10]. The heavy metals come as a result of a
wide range of industries. The type and amount of the heavy
metal’s wastes depend on the industrial sources.

Drainage of toxic metals from many industries has
impacts stresses on the environment. Ordinary treatments
for removing toxic metal from solutions are non-economic
and produce a large amount of harmful sludge. Biosorption
using non-living microbial or plant origin biomass is a new
and alternate method in removing these toxic metals from
solutions [11].

The removal of several varieties of contaminants
from the environment needs attention to understand the
importance of different paths and regulations of carbon
in the environment and for certain materials and they will
enhance the development of bioremediation methods and
transformation pathways [12].

To design sorption columns for industrial-scale applica-
tion, the kinetics of the batch sorption must be explored. The
system operational conditions in addition to the chemical
and physical characters of the adsorbent system are deter-
mined factors controlling the nature of the sorption process.
Among many kinetic models, Elovich, diffusion model, and
first- and second-pseudo-orders have been used mostly in
studying the sorption process mechanism [13-15].

To understand the adsorption process, information of
essential adsorption equilibria is needed to help in provid-
ing the basic physicochemical data to evaluate the adsorption
process applicability. Two common isotherm models usually
used namely Freundlich and Langmuir isotherms [16].

This study aims to develop cheap and eco-friendly BBDP
sorbent for Cd(II) removal from wastewaters. The study
focused on the characterization of the BBDP sorbent com-
position using Fourier transform infrared (FTIR), energy
dispersive X-ray analysis (EDAX), and scanning electron
microscopy (SEM) and studying the factors that enhance
the adsorption process. Furthermore, the data of the Cd(II)
adsorption process have been analyzed using kinetic and
isotherm models for best understanding of the sorption
process characters and evaluation of its applicability.

2. Materials and methods
2.1. Preparation of cadmium solution

To prepare the stock solution, 100 mg of Cd(NO,), was
dissolved in 50 mL of 10% HNOs, then complete to 1 L
with distilled water in a volumetric flask (50 pug Cd/mL).
For the working solution, 10 mL of the stock solution was
completed to 1 L with 1% HNO, (1 ug Cd/mL).

2.2. Banana bunch dry powder preparation

The banana bunches were collected from the local mar-
kets, then were cut into small pieces, washed with distilled
water and dried at 80°C for 2 d. The chemical activation was
done using H,SO, at moderate temperature to produces
a large surface area and a high degree of porosity accord-
ing to the method described by Santhi et al. [17]. The dried
bunches were crushed, sieved (200 nm) and then stored
in a desiccator until use.

2.3. Characteristics of BBDP adsorbing material

The adsorbent will be characterized by:

2.3.1. Fourier-transform infrared spectroscopy

It was used to investigate the chemical structure of
BBDP. The BBDP was prepared as KBr pellets and the spec-
tra were measured using frequency range (400-4,000 cm™)
and the IR spectra were recorded on a Smart iTR.

2.3.2. X-ray diffraction

The dried particles of BBDP were analyzed using XRD.
The patterns were measured at the range of 10-90 and at
5 min' speed.

2.3.3. Scanning electron microscopy

The BBDP particles were examined by coating with a
thin gold layer under reduced pressure. The morphology
of surface was visualized at 1,500x magnification using
JEOL/JSM-6335F SEM.

2.3.4. Energy dispersive X-ray analysis

To verify the adsorption of cadmium ions, the com-
position (mass ratios) of the developed sorbent before and
after the adsorption process was examined by EDAX using
analytical SEM (Joel Jsm 6360LA, Japan).

2.3.5. Particle size analysis

0.1 g of the developed BBDP sorbent was dispersed
in 10 mL distilled water. Each sample was sonicated using
ultrasonic water bath for 15 min before measured in sub-
micron particle size analyzer (Beckman Coulter N5, USA).

2.4. Sorption experiments

The experiments were carried out using 50 mL of the
synthetic Cadmium aqueous solution and 0.5 g of DBBP
in 250 mL bottles. The bottles were shaken for 3 h at room
temperature and 150 rpm. Filtration was carried out to
separate the adsorbents and solutions using Whatman no.
42 filter paper. The resulting filtrate was stored at 4°C till
use. The residual cadmium ion was also determined using
atomic absorption spectrophotometry (AAS) method.

2.4.1. Cadmium concentration

Different concentrations of Cd(II) ions (50, 100, 150, 200,
250, 300, 350, 400, 450, and 500 mg/L) were used to evaluate
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the optimum concentration to be removed by the adsorbent.
The BBDP as adsorbent was incubated with the different
concentrations of Cd(II) ions for 30 min at room temperature.

2.4.2. Adsorbent amount

Different amounts of BBDP as adsorbent (0.5, 0.75, 1.0,
1.25, 1.5, 1.75, and 2.0 g) were used to evaluate the opti-
mum amount. The optimum Cd(II) ions concentration was
incubated with the different BBDP amounts for 30 min at
room temperature.

2.4.3. Time course

The adsorption experiment was carried out at time inter-
vals (min): 30, 60, 90, 120, 150, and 180 to evaluate the proper
time at which maximum adsorption was occurred. The opti-
mum Cd(II) ions concentration and BBDP amount were
used and the experiment was incubated at room temperature.

2.4.4. Agitation speed

Different agitation speeds were used (rpm): 150, 200, 250,
300, 350, and 400 to determine the optimum agitation speed
at which maximum biosorption. The optimum time, Cd(II)
ions concentration and BBDP amount were used and the
experiment was incubated at room temperature.

2.5. Sorption kinetic models

The kinetics of biosorption process were described
using three linear kinetic models. The pseudo-first-order
kinetic model [18]:

In(qe _qt)zlnqc _klt (1)
The pseudo-second-order rate (chemisorptions) [19]:
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The simple Elovich model [20]:
g, =o+pInt (3)

where g, and g, are the adsorbed ions quantity (mg/g) and
t time (min) at equilibrium. k; (min™) is the constant of
first-order reaction rate. o is the rate of initial sorption
(mg/g min) and ( is the surface coverage extent and activa-
tion energy of chemisorption (g/mg). k, is the equilibrium
constant rate of second-order reaction (g/mg min).

2.6. Sorption mechanisms

The sorption mechanism has been followed using
three models. The Dumwald-Wagner model, where F is
the adsorption percent (q/q) and K is the diffusion rate
constant [21]:

log(l—Fz)z—[z.;)?)]xt 4)

The intraparticle model where k, is the intraparti-
cle diffusion rate and C is the boundary layer indicator
thickness [22]:

g, =kt +C )

The actual step of rate-controlling in the sorption process
is detected by Boyd et al. model [23]:

6
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We can calculate F (the solute adsorbed fraction at dif-
ferent time #) and its mathematical function B, using the
following equations:

r=1 %

B, = -0.4978 - ln(l - "] ®)
qCL

where g and g, are the adsorbed amount (mg/g) at
equilibrium and time t.

2.7. Sorption isotherm models

The most commonly isotherm models used in almost
all the publications deal with characterization of adsorp-
tion process are Freundlich [24] and Langmuir isotherm
models [25]. The two models are opposite to each other.

The Freundlich isotherm model is the first used iso-
therm model which postulates site energies of hetero-
geneous surfaces and multi-layers levels of sorption.
The mathematical linear formula of the model is expressed
as the following equation:

Ing, =In K, + iln C, )
g

where g, (mg/g) and C, (mg/L) represented the adsorbent
capacity and the adsorbate ions concentration at equilibrium.
The indicators of the adsorption capacity and adsorption
intensity are given by K, and n, Freundlich constants.

Furthermore, the Langmuir isotherm assumes that
surface is completely homogeneous with a limited similar
sites number with negligible interaction impact between
adsorbed molecules which results in sorption of mono-
layer. The linear mathematical formula of the model is
presented by the equation as follows:

c,_ 1 C
=" 4

(10)
9. 4.K q,

where g is the maximum adsorption capacity (mg/g) of
monolayer and K is the energy of sorption (L/mg). To pre-
dict the favorable or unfavorable of the adsorption system,
essential characteristics defined by a dimensionless sepa-
ration factor (R) used and calculated using the following
equation [26]:



266

RL=%+KC0

(11)
where C is the initial Cd(II) ions concentration (mg/L).

There are another isotherm model in between the
Freundlich and Langmuir isotherm models such as the
D-R isotherm and the Temkin isotherm. The D-R isotherm
is derived from the Langmuir isotherm, it is more general
where rejects the constant adsorption potential assumption
[27]. The isotherm model of D-R is expressed as follows:
Ing, =InV! —K'¢? (12)

The equilibrium adsorption capacity is g, (mg/g), the
sorption capacity of D-Ris V'_ (mg/g), the adsorption energy
constant is K’ (mol?/kJ?), and ¢ is the Polanyi potential. ¢ is
calculated using the following equation:

e=RT|1+ L
CE

The gas constant (R = 8.314 x 10 kJ/mol K) and the
temperature T(K). Information about the nature of the
sorption process can obtained from the model through cal-
culating the energy needed to transfer one molecule of the
sorbate from the solution phase to the surface of the solid
phase (E) [28] according to the following equation [29]:

(13)

E=(2K)" (14)

The Temkin isotherm model considers the indirect sor-
bent/sorbate interactions impact on the sorption process
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which reduced in a linear way the sorption heat of all
molecules in a layer [30]. The linear form expressed as
follows [31]:

g, = BInK, + BInC, (15)

where B is the sorption heat constant and K represents the
maximum binding energy.

3. Results and discussion

Cadmium (Cd) is considered as lethal heavy metal of
environmental worry and work-related which recognized
as a carcinogenic and teratogenic substance to human.
According WHO [32] the permissible limit is 3.0 ppb
for Cd in drinking water.

3.1. Characteristics of BBDP adsorbing material
3.1.1. FT-IR spectrum

The characteristic band appeared in IR of BBDP was
broad and strong band for hydroxyl groups and residual
moisture (v O-H) at 3,339 cm™ which is typical to carbohy-
drates, and due to vibration of methylene groups (v C-H),
a small band at 2,919 cm™ was detected, both groups enable
this substance to be chelating agents for heavy metals
(Fig. 1). The broad absorption corresponding to the stretch-
ing of H-bonded OH groups at 3,300 cm™ and C-H groups
at 2,900 cm™ [33-35]. There was a small band of C-C skel-
etal vibration at 1,612.75 cm™, peak of carbonyl stretching
(C=0) corresponded to acetyl groups as in hemicelluloses
and for the aldehyde group as in lignin at 1,630 cm™ [36,37].
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Fig. 1. FT-IR spectrum of the sorbent BBDP particles.
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C(O)-O stretching at 1,316.63 cm™ and C-H bending at
1,375 em™ [38]. Typical glucose residue of disaccharide and
C-O stretching at C-6 was observed at 1,031.16 cm™. The
bands at 1,031.70; 1,254.34; and 1,422.51 cm™ are characteristics
for the COOH and OH groups stretching vibrations [36,39,40].
The peak of C-O stretching at C—6 was detected at 1,031 cm™.
C-O covalent bonds, O-H linkages, and C-O-C stretch-
ing were shown at the peaks between 1,000 and 1,200 cm™
which indicated to hemicellulose, cellulose, and lignin [41].

=
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3.1.2. XRD analysis

The spectra of XRD showed the presence of carbon,
o-quartz, B-quartz, and cristobalite due to the presence
of distinguished peaks at 16° 20 and 21.4° 20, confirmed
the presence of and high carbon concentration and peaks
at 20 = 28.9° and 35° indicating the partial crystallization
from the amorphous state commenced, also a small peak at
35° 20 (Fig. 2). Kwon et al. [42] found that peak at 21.6° 20
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Fig. 2. XRD analysis of sorbent BBDP particles.
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and peaks between 22° and 28° 20, which confirms highly
carbon concentration, the amorphous phase contains sul-
phur and quartz, respectively. A small peak of cristobalite at
31.4° 20 was observed. The peak at 27.4° 20 in both acid-
treated fly ash (AFA) and polyelectrolyte-coated fly ash
(PEFA), respectively, indicating the presence of 3-quartz.

3.1.3. SEM microphotograph analysis

The thermal decomposition lead to the release of lig-
nin, hemicellulose, and organic matter, with cracking and
shrinkage leading to the porosity improve of the materi-
als [43,44]. The SEM image of the BBDP sample showed
highly heterogeneous surface with structurally complex
network of pores and channels, with a parallel fibrous of
different diameters ranged from 3 to 6 um. The fibrous
surface loaded with white heterogeneous particles of sili-
cates with varied size up to 1 um. The pores size ranged
from 10-20 pm (Fig. 3). These observations are in accor-
dance with that observed by Dehkhoda et al. [45] in bio-
char. It is worthy to mention here that the porosity and
surface area properties are the key function in sorption
process including the heavy metals.

3.1.4. Particle size analysis

The analysis of the developed BBDP sorbent parti-
cle size in Fig. 4 show that the particles size falls in a wide
range started from less than 40 nm up to 1 um. However,
the mean particles size is located around 220 nm where
the peak is recognized. Particles with size >200 nm were
used to guarantee moderate surface area for the adsorption
process.

3.1.5. Energy dispersive X-ray analysis

The elemental analysis of the developed BBDP sor-
bent before and after the adsorption process is presented in
Figs. 5a and b show mainly the presence of C, N, Si, S, and

Fig. 3. SEM image of sorbent BBDP particles.
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Cd elements. Since the adsorption process of cadmium ions
will be mainly added of the adsorbed Cd ions to the structure
of the BBDP sorbent after completion of the adsorption pro-
cess, C and Cd weight ratio has been presented in Table 1. From
it is clear, that the Cd weight (%) after adsorption has been
increased with decrease of the C weight ratio. These results
confirmed the success of the Cd ions adsorption process.

3.2. Sorption experiments
3.2.1. Effect of Cd(1I) concentration

The removal percentage of Cd(II) ions by BBDP as
adsorbent was increased by increasing the concentra-
tion of Cd(II) ions. From the results, the removal of Cd(II)
ions had the highest percent of removal (97.9%) at the
end of 30 min in 350 mg/L (Fig. 6a). The copper removal
efficiency decreased by increasing the initial copper con-
centration, while the lowest efficiency was attained at
the maximum copper concentration of 500 mg L. This
may have been due to the high amount of metal ions that
exceeded the available binding sites in Mesorhizobium
amorphae [46]. This means that a competition increased
between metal ions on the available binding site [47].

3.2.2. Effect of BBDP amount

The BBDP concentration of 1.75 g gave the highest Cd(II)
ions removal percentage (98.4%) (Fig. 6b). When the surface
area of BBDP increased, the Cd(II) ions amount adsorbed
increased and vice versa [48-51]. This claim should be sup-
ported by concrete data to the surface area value of BBDP.
This is due to the increase in the binding sites available in
the biomass biosorbent for the heavy metal’s complex-
ation [52]. This would explain the high percentage removal
of Cd(Il) ions. In most cases, lower biosorbent dosage
yielded higher uptake and lower efficiency of removal [53].

Table 1
Elemental analysis of C and Cd for the BBDP developed sorbent
before and after the adsorption process

BBDP sorbent C (wt.%) Cd (wt.%)
Before 99.54 00.46
After 99.30 00.70
g
g
2O 20 40 :-l 80 100 120
Smm frea)

Fig. 4. BBDP sorbent particle size distribution.



T.A.A. Moussa et al. / Desalination and Water Treatment 226 (2021) 263-275

@)

Cota

Glue

100 -

Yo Ve
[e)] [e%]
M M

(o]
»

Cd (l1) removal (%)

Yo
o
M

(o]
o]
M

o]
[e)]

0 100 200 300 400 500 600
Cd (ll) concentraction (mg/L)

99 -

98.8 - -
(©)

o © v
© ®  ©
[T -
2 L L

Cd (1) removal (%)
o
(-]

97.8

97.6 T T T ]
0 50 100 150 200

Time (minute)

269

(b) =

#£0-

Camt

1000

B (b)

Cd (1) removal (%)

95 T T

0 1 2 3
BBDP amount (g)

98.5 -

o
-]
L

(d)

97.5 -

(-]
~
M

96.5 o

Cd (1) removal (%)

[
()]
1

95.5 T T T T Y
0 100 200 300 400 500
Agitation speed (rpm)

Fig. 6. Optimization of the factors affecting the removal of Cd(II) using BBDP. (a) Cd(II) ions concentrations, (b) BBDP amounts, (c)

time, (d) agitation speed.

3.2.3. Effect of contact time

By using the optimum Cd(II) ion and BBDP concen-
trations, there was a progress in the removal percent of
Cd(II) ions with time in the solution. From Fig. 6¢, Cd(II)
ions had the highest percentage of removal (98.78%) at
the end of 180 min in 350 mg/L concentration. As equilib-
rium time is the most important parameter economically,

so this result is significant for wastewater treatment sys-
tem. The biosorption was fast for the first hour due to the
binding sites availability on the biomass, while the time of
equilibrium extended to 48 h [54]. The metal ions biosorp-
tion described as a biphasic process [55], the rapid phase
takes place due to adsorption on the surface of the biomass,
while the slow one due to the metal ion diffusion into the
biomass inner part [55].
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3.2.4. Effect of agitation speed

The results in Fig. 6d showed that the sorption rate of
BBDP decreased with agitation increase, the obtained results
from the sorption experiment showed that the highest rate
of sorption by BBDP for Cd(Il) was achieved in the solution
at 150 rpm. With increase in rpm, the protonation degree of
the sorbent functional group gradually decreased and con-
sequently the removal of Cd(II) ions was decreased. There
are relationship between the sorbents surface basis and
the anions. If the speed increases, the sorption decreases.
In some cases, external film diffusion can influence the
rate of biosorption process. Constant agitation can mini-
mize this mass transfer resistance. It was found that bio-
sorption of copper by CCNWGS0123 was more effective
with moderate agitation [56,57].

3.3. Sorption kinetic models

The model of pseudo-first-order kinetic is presented
in Fig. 7a. The first order-rate constant k, is 0.0234. The cal-
culated g, value from the equation (19.6 mg/g), which is
different from the experimental value (592.7 mg/g), con-
firms that this model is not fit to this sorption process
where the correlation coefficient is not high (0.7263).
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The chemisorption kinetics is given in Fig. 7b. From
the Fig. 7, the value of k, is 0.0012. Additionally, the very
close values of ¢, . ...q (58823 mg/g) with that obtained
from the experimental data (592.7 mg/g) indicating that the
Cd(II) sorption kinetics onto BBDP was well-described by
second-order equation where the value of the correlation
coefficients, R* (1) was extracted, which suggests the limit-
ing step rate in these sorption processes may be chemisorp-
tion’s through the sharing or exchanging of electrons
between sorbent and sorbate [58].

Fig. 7c illustrates the simple Elovich model. The value
of B (4.0806 g/mg) indicated the number of sites available
for sorption while a is the sorption quantity (571.13 mg/g)
when Int is equal to zero, that is, the sorption quantity
when t is 1 h. This value clarifies the sorption behav-
ior of the first step [59]. Also, it was declared that the
Elovich equation fits well with the experimental data
regardless the low correlation coefficients value (R?) 0.8302.

3.4. Sorption mechanisms

The limitation of the above-mentioned models in
describing the diffusion mechanism makes us investigate
different adsorption models. Since mass action is a very
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Fig. 7. Sorption kinetic models for Cd(II) ions removal using BBDP. (a) first order, (b) second order, (c) simple Elovich.
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fast process, so only the film and intraparticle diffusion are
left to describe the liquid/solid sorption process, that is, one
of these processes must be the rate limiting step [60]. The
equation of diffusion rate intra-particle and inside particles
of Dumwald-Wagner models were used to calculate the rate
of diffusion, and the Boyd model was examined to determine
the actual rate-controlling step for the Cd(II) ions sorption.

The Dumwald-Wagner Kkinetic model is presented
in Fig. 8a. The constant of diffusion rate for Cd(Il) ions
diffused inside BBDP were R*=0.7263 and K =2.74.

The intraparticle diffusion model indicated two sep-
arate linear portions (Fig. 8b). This suggested that the
process of sorption consists of surface adsorption and
intraparticle diffusion together, while the first linear por-
tion indicates the effect of boundary layer and the second
linear portion is the result of intraparticle diffusion [23].
The intraparticle diffusion rate k, (0.2846) was calculated
from the slope of the second linear portion. The value of
C (588.88 mg/g) gives an information about the boundary
layer thickness. The larger the intercept, the greater the
effect of boundary layer [61].

Finally, the actual rate-controlling step was determined
by Boyd et al. [24] as presented in Fig. 8c. The straight line
obtained, which does not pass through the origin, indicating
that film diffusion governs the limiting process rate [62].

3.5. Sorption isotherm models

The Freundlich isotherm is a vastly equilibrium iso-
therm model used, on the contrary to the Langmuir model,
it does not give any information on the sorption capacity
of monolayer [25,63,64]. Fig. 9a gives the constants values
of n.and K,, as 0.68 and 1.45. The n, value was found that
n, < 1 indicated less appropriate sorption for Cd(II) ions
using the BBDP [65].

The Langmuir model is presented in Fig. 9b where the
R? value is 0.9234 where indicates a good mathematical fit.
The calculated value of g, is 86.96 (mg/g) indicates that the
BBDP was highly efficient for Cd(II) ions removal and the
K value is 5.83 (L/mg) indicates the moderately low sorp-
tion energy (5.83 L/mg). The calculated values of R, and
the main characteristics of the Langmuir isotherm, show
appropriate sorption because the values of R, are between
0 and 1 [66] and confirming the preferable of the Langmuir
model used under the study conditions (Table 2).

The D-R isotherm, the D-R plot produced a straight
line with the R? value equal to 0.8555, which indicated that
the D-R model does not fit the experimental data com-
pared with the Langmuir and Freundlich isotherm model.
As claimed by the plot of D-R isotherm model, the param-
eters V!, K', and E are equal to 105.7 mg/g, 0.013 mol*/kJ?
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Fig. 8. Sorption mechanisms for Cd(II) ions diffusion in BBDP using different models. (a) Dumwald-Wagner model, (b) intraparticle

diffusion, (c) Boyd expression.
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and 0.161 kJ/mol, respectively (Fig. 9c). The calculated
sorption energy (E < 8 kJ/mol) indicated that the Cd(II)
ions sorption process might be physisorption in nature
[67]. Thus, it is likely that the physical means such as
electrostatic forces played an important role in sorption
mechanisms for the Cd(II) ions sorption in this work.

The Temkin isotherm is illustrated in Fig. 9d. The
calculated value of K, is 0.049 L/g, and the constant B,
which is 350.34 J/mol, is associated to the sorption heat.

Table 2
R, values for different initial cadmium ions concentrations

Finally, the fitness of the isotherm models is summa-
rized in Table 3 according to the R? values. The Langmuir
model produced the highest value of R* (0.9234) and this
described that Cd(II) ions sorption on the BBDP was best
by this model, which monolayer sorption onto a completely
homogeneous surface with a finite number of identical sites
and with negligible interaction between adsorbed molecules.

3.5. Adsorption capacity comparative study

Table 4 shows a comparative study of the Cd(II)
removal using different origin activated carbon adsorbents

Cd(II) (ppm) R, Table 3
150 0.001142 R? values for cadmium removal with the different studied
200 0.000857 equilibrium isotherms
250 0.000686 Equilibrium isotherm models
300 0.000571
350 0.00049 Langmuir Freundlich D-R Temkin
400 0.00003 0.9234 0.8713 0.8555 0.8345
6.5 0.1 =
y=-L4714x + 8.8381 0.09 4 v=00115x-0067 .
R?=0.8713 R? = 0.9234
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Fig. 9: Sorption isotherm for the Cd(II) ions sorption by BBDP using different isotherm models. (a) Freundlich isotherm, (b) Langmuir

isotherm, (c) D-R isotherm, (d) Temkin isotherm.
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Table 4

Comparison of the Cd(II) adsorption capacity of different origin activated carbon adsorbents

Adsorbents Capacity (mg/g) References
Wood based activated carbon 157.00 [68]
Olive stone activated carbon 11.72 [69]
African palm fruit activated carbon 3,385 [70]
Wheat straw activated carbon 74.63 [71]
Banana bunch activated carbon 87.00 This work

[68-71]. Lloyd-Jones et al. [68] acid oxidised wood based
activated carbon, AUG WHLK, to enhance its metal binding
capacity and subsequently studied for the removal of cad-
mium ions from aqueous solution. The maximum capac-
ity for the sorbents was 157 mg/g. Alslaibi et al. [69] study,
the removal efficiency for cadmium (Cd) from aqueous
solution using olive stone activated carbon (OSAC) pre-
pared by microwave. The adsorption isotherm data fitted
the Langmuir isotherm well, and the monolayer adsorp-
tion capacity was found to be 11.72 mg/g. Abdulrazak et al.
[70] study details the removal of heavy metals. Cadmium
from wastewater effluent using an activated carbon pro-
duced from African palm fruit. The maximum capacity for
the sorbents was 3,385 mg/g. Naeem et al. [71] examined
novel wheat straw biochar (WSB) and acid treated wheat
straw biochar (AWSB) for cadmium removal from con-
taminated water. Both WSB and AWSB have shown good
adsorption capacity of 31.65 and 74.63 mg/g. In our study
for removal of Cd(II), the maximum sorption capacity at
25°C was found as 87 mg/g, according to the Langmuir
isotherm. It is obvious that the origin of the prepared acti-
vated carbon has an impact on the adsorption capacity
which correlated directly to the surface area and the poros-
ity characters. However, this comparison is unfair owing
to the diversity of the operating conditions and the surface
area and the porosity characters of the compared sorbents.

5. Conclusion

The FT-IR, XRD, and SEM analyses showed that the
BBDP characterized by the presence of different compounds
such as lignin, cellulose, and hemicellulose which mad the
BBDP with high porosity to improve the sorption charac-
teristics (pore sizes 10-20 um). The isotherm experiments
conducted at constant temperature showed that the biosorp-
tive capacity of banana bunches were highly dependent on
initial pH, initial Cd(II) ion concentration, adsorbent dos-
age, agitation speed, and time. In this study, the capabil-
ity of the use of banana bunches were collected from the
market for removing Cd(II) was examined. Banana bunches
can be easily applied as a cheap biosorbent for Cd(II). This
study concluded that BBDP adsorbed the Cd(II) in high
efficiency by varying the parameter [98% of Cd(II) after
3 h, optimum pH was 4, the rpm was found to be 150].
The Cd(II) ions removal with BBDP was best described by
the Langmuir model and showed a high sorption capacity
(87 mg/g) at 25°C. The kinetics of the Cd(II) ions sorption
rate was best explained by the pseudo-second-order kinetic
equation. According to the E values, the sorption process

has a physical nature. The obtained results indicate that
the film diffusion is the rate-limiting process.
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