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Abstract

This study investigated the potential of Pyrolyzed Ficus Benjamina (PF) on the removal of cationic dye, Crystal Violate (CV),
by batch biosorption processes. The consequence of contact time and temperature are examined. Characteristics of PF were
investigated using Scanning Electron Microscopy (SEM), Energy-Dispersive X-ray spectroscopy (EDX), Brunauer— Emmett—
Teller (BET), and Fourier Transform Infrared spectroscopy (FT-IR). The SEM analysis proved the influence of the pyrolysis
process on enhancing the Ficus surface morphology by being rough and porous. The FT-IR analysis exposed the attachment
of different anion functional groups, principally carboxyl, amino, and hydroxyl groups which mainly connected with the
lignin chain and improved CV removal during the biosorption process. The results indicated that the biosorption efficiency of
CV reached approximately 97% after 20 min of the contact time. The PF maximum biosorption capacity was 24.19 mg/g PF
under the optimum conditions. The pseudo-second-order model provided the best fit to the kinetic model. The
thermodynamics results revealed that CV removal using PF is a spontaneous and endothermic process. This study proved that
PF is a sustainable and affordable biosorbent for CV removal from industrial outflowing.
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1. Introduction
The accelerated industrialization expansion

especially in  textile production led to
approximately 200 billion liters of wastewater
annually. These wastes contain a significant
concentration of dye (10 to 200 mg/L) which is
unavoidable and affect the ecological system [1].
Textile dyes have complicated chemical structures
resulting in their non-biodegradability, toxicity,
and high environmental resistant forces
contributing to serious problems for living
organisms [2]. Cationic dyes like crystal violet,
rhodamine B, malachite green, and methylene blue
are the most hazardous type of dye because of their
toxic, mutagenic, and carcinogenic properties as a
result of their aromatic ring structure with

delocalized electrons besides their synthetic nature
[3]. The (CV) dye contains the protonated amine
group associated with a triphenylmethane structure
[4]. As a result of the CV’s high capacity to
interact rapidly with other chemicals, it is
commonly utilized mainly in textile dyeing besides
many other industrial sectors like biological
investigations, used as a mildew inhibitor in the
poultry industry, pH indicator, paints, and printing
ink manufacture, veterinary medicine, leather
manufacturing, biological stain, and dermatological
agent. The heavy usage of CV leads to discharging
of high amounts of this dye in water streams which
can contribute to major health issues like skin and
eye damage, cancer, and kidney failure due to its
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carcinogenic, poisonous, and mutagenic nature [5].
Different methods such as filtration, precipitation,
coagulation, reverse osmosis, photodegradation,
electrolysis,  biosorption,  flocculation, and
oxidation have been used for the amputation of
dyes from wastewater. Among these techniques,
biosorption is considered one of the most popular
techniques in removing pollutants from the
wastewater as it does not produce by-products that
pose a considerable environmental hazard, has a
great depollution capacity besides its simplicity,
sustainability, low cost, and effectiveness for the
removal of certain pollutants, particularly dyes [6].
However, the effectiveness of the biosorption
process depends greatly on the type of biosorbent,
particularly, its cost, availability, synthesis
procedure, efficiency, sustainability, and
regeneration. Ficus Benjamina, also known as
Benjamin Tree and Chinese Banyan is a genus of
about 900 species of Ficus in the family Moraceae,
native to Australia, south, and south-eastern Asia,
then extended into the south-western Pacific, South
America, southern North America, and Africa as
shown in Figure 1. This tree can reach up to 20 m
high in urban gardens when planted in large spaces
[7]. Ficus is very popular as a result of its low
price, low maintenance, attractive appearance,
evergreen nature, tolerance of poor growing
conditions, and its stems may be intertwined for an
aesthetic view. This tree is the most common tree
used in street ornamentation and this tree produces
large amounts of leaf residues due to its great
capacity for propagation and fast growth after
pruning [7]. According to our literature search
results, ficus was utilized as a reducing agent for
producing several biosorbents for the removal of
Malachite green (MG) [8], and metformin [9] from
wastewater. However, no research article has been
published on the use of ficus after only thermal
treatment and without any chemical reagent for
removing crystal violate.

Fig. 1: Ficus distribution around the world (with green
color).
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In this work, the widely available Ficus
Benjamina leaves were used to produce an
effective biosorbent in removing cationic dyes,
Crystal Violet, after applying only applicable and
affordable heat treatment. Chemical and physical
characterization of pyrolyzed ficus were performed
by SEM, EDX, BET and FTIR. This research
focused on studying two main factors affecting the
efficiency of the pollutant removal process, such as
contact time and temperature. The experimental
results were fitted into three kinetic modes to know
which of these models gives a better correlation to
experimental data. The biosorption thermodynamic
data were attempted.

2. Materials and methods

2.1. Biosorbent synthesis

The used ficus leaves were selected as they
should be green, as shown in Figure 2, while the
yellow leaves and the leaves containing mold or
rotten were excluded. To get rid of dust and
impurities from the surface of the pre-selected leaves,
the leaves were washed well with tap water, then
filtered from the water and dried in the oven until
obtain constant weight. The dried ficus leaves were
ground into a fine powder to be ready for the heat
treatment stage. A certain amount of ficus powder
was placed in a crucible and pyrolyzed at 575°C in a
muffle furnace for 3 h and labeled as PF.

Fig. 1: Sample of raw ficus leave

2.2. Preparation of dye solution

A stock solution of 1000 ppm CV (C,5H30N;Cl),
MW 407.98 g.mol”, solubility in water 16 g.L" at
room temperature (Central drug house, New Delhi)
was prepared by dissolving 0.5 g of accurately
weighed dye in 500 ml of distilled water. This
standard solution was diluted to prepare adjusted
different concentrations, whether they were used in
the calibration or the biosorption process. The dye
concentration ~was measured in the UV
spectrophotometer  (Spectrophotometer 7230 G,
Shanghai, China) at the wavelength of 580 nm. Four
concentrations (5, 10, 15 .20 ppm) were prepared to
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plot the calibration curve. The pH of the dye solution
was adjusted by using 0.1 M HCI (37%, Laboratory
Reagent) and 0.1 M NaOH (purity > 97 %, Sigma-
Aldrich, Sweden). The chemical atom arrangement of
the CV is presented in Figure 3.

HaC.-CHa
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Fig. 3: Chemical atom arrangement of CV

2.3. Characterization of biosorbent

The characterizations were performed to detect
the chemical and physical properties of PF
biosorbent. To identify the surface morphology of the
PF sample, SEM-EDX (JEOL Model JSM 6360 LA,
Japan) was utilized. The PF sample was coated with a
thin layer of gold palladium and a 20kV accelerating
voltage was applied and the PF composition was
determined from EDX analysis. The specific surface
area (Sggr) was detected using the standard
(Brunauer— Emmett-Teller) model. The whole pore
volume (V) was estimated by altering the volume of
nitrogen gas adsorbed at a relative pressure from 0.04
to 0.2 to the liquid volume of the nitrogen adsorbate
at 378 K for 5h [10]. Prior to the measurements, the
pre-treatment has been applied on the PF at 400 °C
for 6 hr. The detected surface area and whole pore
volume (V) were used to calculate the average pore
diameter (D,) (D, = 4 V,,/Sggr) assuming an open-
end cylindrical pore model without pore networks
[2]. This study assumes that pore size less than 2 nm
wide are micropores, 2-50 nm wide are mesopores,
and pores with wide more than 50 nm are macropores
[11]. The functional groups attached to the PF surface
were identified using FTIR (Shimadzu FTIR-8400 S,
Japan) in the range of 4004000 em™.

2.4. Batch biosorption experiments
Batch experiments were conducted to determine the
effect of contact time (3-180 min), and temperature
(25-65°C) on CV removal using PF. The conical
flasks containing 25 ml of dye solution were in
contact with the PF in an orbital shaker for a certain
time at 150 rpm. The residual dye concentration was
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measured after sample centrifugation at 4000 rpm
for 5 min by UV spectrophotometer. Each measured
absorbance was compared with the blank solution
(without dye). The dye uptake and percentage
removal were calculated by using Eqs. (1) and (2)

[12] [13] ge = 2 (1)
%Removal:%*wo (2)

i
Where q, (mg/g) is the dye uptake at time t
(min), C; and C; (ppm) are the initial and final
concentration of CV in the solution respectively, v
(L) is the volume of dye solution, and m (g) is the
biosorbent weight.

2.5. Kinetic and Thermodynamic Studies

The experimental results for biosorption of 100
ppm of CV by PF at 25°C and several times (3 -180
min) were plotted in the linear forms of three
different studied kinetic models 1st order, 2nd order,
and intraparticle diffusion [14] [15]. The rate of the
process and its mechanism were estimated from these
model parameters. Moreover, the thermodynamic
constants (AH®, AS°, and AG®) were assessed for
biosorption of 100 mg. L' CV solutions and different
temperature ranged from 25 to 65 °C [6]

2.6. Desorption and recycling of PF biosorbent

The evaluation of the reactivation process of the
PF biosorbent is one of the most important tests that
must be considered when applying the tested material
at the industrial level of wastewater treatment. To
identify the recyclability of PF, four different elution
solutions, 0.1 M HCI, 0.1 M NaOH, and 0.1 M Na(Cl,
were tested as regeneration solutions[10]. The PF
was contaminated with CV then separated by
centrifugation and dried at 60°C. Desorption was
performed with a specific weight of contaminated PF
with CV dye that was regenerated with 25 ml of
elution solution for 30 min at 150 rpm. After
desorption, The PF was separated from the eluent
solution by centrifugation and dried. Afterward, fresh
25 ml of CV solution was used to test the following
cycle by adding the dried regenerated PF and
agitating at 150 rpm for 20 min. The biosorption-
desorption cycles were studied 10 times. The
optimum elution solution would be considered as the
solution that recorded the highest number of PF
reusability after CV biosorption processes.

3. Results and discussion

3.1. Characterization of the biosorbent

The surface morphology of the PF is detected
from the SEM micrograph (Figure 4), which showed
that the PF has rough layer, spherical particles and a
porous surface. According to the ratio between the
surface area and volume. The CV dye removal could
be enhanced by the large area of these spherical
particles. Further, a large volume of pores occurs, and
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the biosorption efficiency and capacity increase. The
EDX spectra of the studied surfaces were recorded.
As shown in Figure 5, several peaks of elements (C,
O, Si, Ca, and Fe) are detected in the spectrum
analysis of the PF. The atomic percent existence of
oxygen (54.19%), carbon (14.37%), and calcium
(25.49%) significantly The BET measurements
confirmed the SEM analysis results and are
represented in Figure 6. It was found that the total
pore volume of PF is 3.0112E-2 cm 3.g-1 Also, some
volatile particles have been diffused out during
heating at a high temperature which led to the
development of the macropore (32.39nm) and
specific surface 3.7188 cm’. g'l. As it is known that
the greater area exposed to the pollutant, the higher
the efficiency of the biosorption process. To detect
the PF surface functional groups qualitatively, FTIR
spectra were subjected in the range of 4000-400
cm™!, as shown in Figure 7. The bands in the
wavelength range 3837-3738 cm™ are corresponding
to the vibration of symmetric and asymmetric O-H
group that emphasizes the presence of alcohols,
phenols, and stretching vibration mode of
chemisorbed and/or physiosorbed water molecules in
cellulose [16]- [18]. The band at 2318 cm’ is
corresponding to C-H symmetric and asymmetric
stretching vibrations of lignocellulosic components
that indicate the presence of CH2 and/or CH3 groups
besides the —OH stretching vibrations of hydroxyl
functional groups [19] [20]. The band at 1644 cm’ is
related to the mode of aromatic ring features [21]
[22]. The existence of C=0 and C=C aromatic
skeletal stretching vibrations of lignin was expressed
by the band at 1511 cm’ [23], [24] [25]. The band at
1395 cm™' represents the existence of C—O vibrations
of syringyl rings of lignin [20] [26]. The bands at
1095 cm-1 and 1028 cm-1 represents the existence of
C-O-C stretching B-glucosidic linkage between
glucose and cellulose [27] [28]. The aryl -OH group
in lignin was presented by the band at 955 cm™ [29],
[30]. The peak at 869 em’ is corresponding to C—-OH
cellulose bending [31] [20]. the functional groups of
B-glycosidic bond stretch in hemicellulose and C-H
bending in aromatic hydrogen at the band 754 cm™.
The band at 564 cm is related to the stretching
vibration of S=0 of v4 (SO4'2) [32] [33] [3].

Fig. 4: SEM image of PF
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Fig. 4: FTIR spectrum of PF

3.2. The contact time effect and kinetics study

Determining the equilibrium time is one of
the important factors that are studied by detecting the
change in the dye concentration during the increase in
the contact time between the dye and the PF
biosorbent. Several aspects control the biosorption
rate such as mass transfer, diffusion rate, etc. As
shown in Figure 1, the biosorption process was
performed in two stages. In the first 20 min, a rapid
decrease in the CV concentration occurred, which
indicates the ease of overcoming the resistance
resulting from the liquid-solid interphase, and also
the ease of convergence of the negative ions present
on the PF surface and the positive ions on the CV.
After 20 min, the removal rate fluctuated around the
equilibrium owing to the decrease in active sites. It
revealed that the strong interaction between
biosorbent and dye molecules resulted in film
diffusion as the main stage. Hence, it can be
concluded that the biosorption of CV onto PF is quite
rapid and has taken only 20 min to reach the
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equilibrium. Another study used the water hyacinth
to remove the CV and 40 min was recorded to reach
the equilibrium [29].
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Fig. 5 The contact time effect of the CV adsorption using PF
(initial concentration 100 ppm agitation speed 150 rpm, pH7.8, and
adsorbent weight 0.1 g at room temperature)

A kinetic study was subjected out by
applying the results of the contact time experiments
in three different kinetic models. The kinetic study
demonstrates the knowledge of not only the
mechanism but also the rate-controlling step As
shown in Figure 2 (a), the pseudo second order model
is the most compatible with the obtained result.
Therefore, the chemical reaction is the main role in
the CV adsorption process using PF which the
exchange or sharing of electrons and valence force
were induced [30]. The values of the rate constant are
listed in Table 1. Wang et al. observed that the
adsorption of CV onto cellulose has a similar
mechanism [31]. Intra-particle diffusion model was
tested to identify its involvement the biosorption
process (Figure 9 (b)). The plotted data has deviated
from the origin indicated that intra-particle diffusion
was not the only rate limiting step. Hence, CV
biosorption onto PF is governed and limited by both,
surface biosorption and intra-particle diffusion[29].
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Fig. 6: The kinetic models of CV biosorption onto PF (a) Pseudo
first order and Pseudo second order and (b) Intra-particle diffusion

Table 1
Kinetic parameters for the biosorption of CV on PF
Qeerp) MY/ 24.19
Pseudo-first- order
K, (min-1) 0.2819
q. (mg/g) 7.875
R’ 0.9437
Pseudo-second —order
K>(g/mg.min) 0.174
qe(mg/g) 20.41
R’ 1
Intra-particle diffusion
C 21.577
Kairr (mg/g.min *°) 0.2632
R’ 0.4314

3.3. The effect of temperature on CV uptake by

PF and thermodynamic study
From the aforementioned results, it was
found that PF is an efficient biosorbent for CV
removal under the studied conditions. Accordingly,
another important parameter was investigated for PF
evaluation when adjusting its operating conditions on
the industrial scale, which is the temperature. The
effect of temperature on CV removal was further
investigated as shown in Figure 3. When biosorption
temperature increased from 25 °C to 65°C, the
%removal increased by 2.5%. That can be explained
by increasing the diffusion speed of pollute particles
as a result of increasing temperature and thus the
opportunity for contact between pollutant particles
and the active surface of the biosorbent increases.
However, the resulting improvement in the %removal
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process is not worth the cost paid to adjust the
temperature. Hence, the optimum biosorption
temperature could be selected in this study as 25°C.
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Fig. 7: The temperature effect on the CV biosorption using PF
(initial concentration 100 ppm, agitation speed 150 rpm, pH 7.8,
and biosorbent weight 0.1 g at room temperature).

It was also found that increasing the
temperature has a positive effect on the CV
biosorption process using PF. This indicates that this
process is endothermic. which was eventually
confirmed by the thermodynamics study. The
thermodynamic parameters replicated the possibility
and the spontaneity of the biosorption process. Van’t
Hoff equation was employed to calculate the
thermodynamic  parameters. The initial CV
concentration was 100 ppm with different
temperature ranges from 25 °C to 65°C. According to
equations (3) and (4) and plotting temperature (1/T)
against In q./C., the enthalpy and the entropy of the
reaction were calculated from Figure 4 and listed in
Table 2. The biosorption of CV onto PF was
spontaneous and endothermic which was proved by
the negative sign of AG®, and a positive sign of AH. It
revealed that the biosorption of CV onto PF slightly
increased as the temperature raised. The magnitude of
AH suggests that the biosorption of CV onto PF was
ruled by chemisorption interactions. The AS° positive
sign is related to the change in the atomic structure of
PF and the increase in randomness at the solid/liquid
interphase with temperature in this biosorption
process.

Infe = AH — TAS® (3)
C

e
AG® = AH® —TAS® “4)

Where AH’ is the enthalpy change(kJ/mol),
AS? is the entropy change (kJ/mol K), AG® is the
change in standard free energy (kJ/mol), T is the
absolute temperature of biosorption (K), and R is the
universal constant of gases (8.314*107 kJ K mol ™).
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Fig. 8: Linear biosorption thermodynamic

Table2
Thermodynamic parameters for the biosorption of CV Adsorbent
onto PF

T(K) AGe (kI mol™") | AHe (KJ | AS° (& K!
mol™) mol™)
298 -10.1519182 20.49 0.1028
308 -11.1802772
318 -12.2086362
328 -13.2369952
338 -14.2653542
Spontaneous Endothermic Randomness
increase

3.4. Recyclability of PF biosorbent

To evaluate the stability and recyclability of the
biosorbent, PF was regenerated and recycled for the
biosorption experiments. Four solutions of HCI, H,0,
NaCl, and NaOH, were used to regenerate the PF
biosorbent. It was found that HCI has a strong effect
on the decomposition and dissolution of the
substance, and instead, the weight used in the test
vanished after the first regeneration cycle. As shown
in Figure 5, generally, as the number of cycles
increased, the biosorption capacity of the PF
biosorbent gradually decreased, which may be due to
the incomplete elution of the CV molecule during the
regeneration process, and therefore resulted in a
decrease in biosorption sites [32]. The H,O showed
high efficiency in reusing the PF biosorbent, as the
percentage of CV removal reached 93% after the
sixth cycle, while the %removal reached 90.9 and
87.2 when using NaOH and NaCl, respectively.
These results proved that PF is a promising
biosorbent that is relatively stable and can be easily
regenerated and recycled during the CV removal
process. The slight decrease in the biosorption
efficiency is attributed to the incomplete desorption
of CV from the PF surface. The low desorption
efficiency of PF using NaOH may be due to changing
the surface functional charge that is responsible for
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reducing the efficiency of CV rejection. The PF
biosorbent has excellent renewability and
recyclability and is predictable to become an applied
biosorbent for industrial wastewater treatment.
Finally, the experimental data indicated that the PF
offered an acceptable degree of adequate constancy
and immutability for recycling and incessant removal
of cationic dye from wastewater.
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Fig. 12: Recyclability of PF biosorbent for CV removal. (initial
concentration 100 ppm, biosorption time 20 min, agitation speed
150 rpm, pH 7.8, and biosorbent weight 0.1 g at room temperature)

3.5. Comparison with other studies

A comparison was studied between the previously
tested biosorbents to remove the CV and the PF. As
listed in the table 3, there is a convergence in the
studied biosorbents results and PF, but also PF
superiority by a certain quantity, which indicates
that the adsorbent is a material that can remove the
cationic dyes wused in the textile industry
Specifically, the CV.

Table3
Compare different biosorbent on CV removal capacity

adsorbent Q (mg/g) ref
Pyrolyzed ficus 24 Current study
Peanut 79 [39]
Hazelnut 7.02

Walnut 11.11

Pistachio 11.31

from tomato waste | 12.66 [40]
Nano-porous

carbon (TWNC)

almond shell 12.2 [41]
Orange peel 19.88 [42]
rubber granulate 20.92 [43]
Sea plant leaves 2293 [44]

4. Conclusion

pyrolyzed ficus (PF) was synthesized and
utilized for CV removal from wastewater. PF has the
capability to biosorb the cationic dye molecules and
this could be due to the enhanced surface and
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functional properties as a result of ficus pyrolysis at
high temperatures. The pyrolysis process led to a
rough surface and large pore size. Several
characterizations were performed to detect the PF
physical and chemical properties. Two important
biosorption parameters, contact time and temperature,
were studied to determine the rate-controlling step of
the biosorption process. The maximum CV
biosorption capacity was 24 mg g, achieved at pH
7.8, contact time 20 min, using 0.1 g PF biosorbent
dose, and CV initial concentration 100 ppm at room
temperature. The pseudo-second-order kinetic model
fitted well to the CV biosorption experimental data.
The thermodynamic parameters revealed that the CV
biosorption process using PF was spontaneous and
endothermic in nature. The PF is recyclable and can
be used in multiple biosorption cycles. In view of
promising affordable biosorbents, the PF could be
used as a potential biosorbent for cationic dyes
biosorption from industrial effluents.
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