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ABSTRACT: Biochars are commonly employed as
examples of sustainable biosorbents with wide and recent
interests and applications in several fields including water
purification from various toxic pollutants. Nanobiosorbents
are mainly fabricated from agricultural, animal and
industrial wastes. In the current investigation, bare corn
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scaled (17 nm) was characterized for the as-prepared

nanobiosorbent from the HR-TEM imaging analysis. The influence of several impacting factors (viz. pH, time, dosage,
concentration, competing species and temperature) were explored and optimized for batch elimination of BF and MB dyes (5, 10
and 15 mg/L) from aqueous solution by BCCW-NB. The pH 5, 10 min and 30 mg BCCW-NB for both pollutants were
characterized as the optimum condition to afford the maximum removal of both BF and MB dyes (R%>90.0%). The adsorption
of BF and MB dyes followed the Freundlich isotherm and pseudo-second-order models. Finally, the potential of adsorptive
elimination of BF and MB dyes from various water specimens by BCCW-NB nanobiosorbent confirmed excellent recovery with
%R corresponding to 98.58%, 91.07% and 98.55% for MB and 93.45%, 90.13% and 97.89% for BF dye from drinking water, sea
water and industrial waste water. Therefore, the assembled and testified BCCW-NB nanobiosorbent was confirmed as excellent
low cost, sustainable and effective material for water remediation of dye pollutants.

1. INTRODCTION

August 17, 2023

annually in millions of tons from these crop residues after the

Biomass waste materials have been improperly treated in a
number of countries to represent a great cause for potential risks
to both humans and various environments [1]. Agriculture is
one of the biggest sectors with the highest fundamental and
environmental inputs due to the tremendous generated
agricultural wastes from corn, rice, wheat and others as
engendered annually [2]. Agricultural wastes are produced
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collection of the grains [3]. In the past decade, corn-grain has
globally increased by 40% to reach now more than 1 billion
tons. In addition, stems, leaves, fastballs, husks, and bare corn
cobs are the main residual components which represent about
47-50% from the corn production [4].
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Moreover, bare corn cobs are comprising large waste amounts of
corn worldwide each year with approximate corn cob mass
corresponding to 18-20 kg per 100 kg of corn grain production
[5]. Corn cob is a rich biomass in cellulose, hemicellulose, and
lignin [6] and therefore, the employment of such biomass
materials in multidiscipline utilizations may be accompanied by
some benefits with respect to economical view and ecological
safeguard [7]. On the other hand, feedstock-based biomass from
corn cob and other materials have been used to generate carbon-
rich compounds with high economic benefits for soail
improvement and wastewater purification [8]. Biochars
represent a class of carbon-rich materials which are produced as
stable byproducts from the thermochemical decomposition of
multidiscipline biomasses under no or oxygen-limited
atmosphere [9]. Due to their porous structures and significant
surface functional groups, biochars have attracted great attention
worldwide for solving the environmental problems as soil
management [10], carbon sequestration [11], and water
decontamination, purification and remediation from various
pollutants [12] including toxic heavy metal cations and anions
[13, 14], pharmaceuticals [15, 16], and dyes [17-20].

Excessive amounts of organic pollutants are daily generated
from various sources as industrial effluents and other domestic
activities [21]. One of the most impacting contaminants to water
pollution is mainly correlated to dyes and coloring materials
[22]. The number of dye materials are now exceedingly more
than 100,000 types to afford over 7000 different colors. In
addition, dyes may be classified as either acidic, basic, direct,
reactive, vat, solubilized vat, dispersed, sulfur and solvent dyes
[23]. However, 7 million tons of different dyes were annually
discharged from the industrial dyeing processing into water
bodies and thus generate huge amounts of wastewaters [24].
Moreover, most of the dyes are nondegradable compounds and
therefore, documented as hazardous contaminants to both human
and ecosystem due to their mutagenic, toxic, teratogenic and
carcinogenic impacts [25, 26]. Therefore, numerous technical
strategies have been adapted for dyes removal from water and
wastewater systems and these include biological approaches
[27], ozonation [28], advanced oxidation [29], electrochemical
degradation [30], photodegradation [31], and adsorption
technique [32]. Due to the simplicity, affordability, cost
effectiveness, and other advantageous features, adsorption
techniques have been recently recommended for removal of
dyes and coloring materials using a variety of adsorbents,
biosorbents and nanosorbents [32-35]. Biochars and their
modified composites have recently found great interest for
application in removal of dyes from aqueous matrices and
wastewaters according to their associated sustainability,
ecofriendly and economical characteristics [36-40].

Based on the aforementioned facts, the current study is devoted
to convert and pyrolyze bare corn cobs waste at 400 °C.
Moreover, the novelty in this work is focused on the design and
obtaining a sustainable, low-cost and ecofriendly nanobiochar
from biomass waste material by a simple preparation
methodology in order to use it as an effective nanobiosorbent for
removal of cationic dye pollutants as basic fuchsin and
methylene blue from water in presence of various optimized
experimental parameters. The as-prepared BCCW-NB
nanobiosorbent has been also aimed to characterize by diverse
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identification techniques as FT-IR, HR-TEM, SEM, XRD, TGA
and BET surface analysis to confirm the surface loaded
functional groups, morphology, particle size, crystallinity,
thermal stability and porosity. The successful usage of the
investigated BCCW-NB nanobiosorbent in removal and
purification of BF and MB pollutants from real water has been
explored as the ultimate target in this work.

2. Experimental
2.1. Materials and solutions

All reagents and chemicals were of analytical grade. Methylene
blue (MB) (dye content >82%, FW 319.85 g/mol) and basic
fuchsin (BF) (dye content >85 %, FW337.86 g/mol), were
purchased from Sigma-Aldrich, USA. Sodium hydroxide
(>98.0%), potassium chloride (99%) and sodium chloride
(99.9%) were obtained from WINLAB Chemicals. Sulfuric acid
(98%), magnesium sulfate heptahydrate (99%), calcium chloride
(> 99%) and ammonium chloride (> 99.8%) were purchased
from VWR international Ltd, Poole, BH151 TD, England. Fresh
corncobs were collected from local marked, Egypt.

2.2. Instrumentations

Various instruments were applied for characterization of corn
cob biochar BCCW-NB nanobiosorbent and confirmed the
successful biochar formation. BRUKER VERTEX 70 FT-IR
spectrophotometer at 400-4500 cm™ instrument was used for
estimation the surface functional groups on the BCCW-NB
nanobiosorbent. The specific surface area, pore size and pore
volume of the BCCW-NB was obtained by BELSORP-mini I,
BEL Japan. SEM analysis used for obtaining the pictures which
illustrate the physical form of the BCCW-NB which obtained by
JSM-IT200 series using the device (JEOL-JFC-1100E) for ion
sputtering and Gold coating was applied for elevating the
conductivity. TEM analysis was used for determining the
morphology shape of the BCCW-NB by JEOL-JSM-1400Plus,
Japan instrument. XRD Shimadzu lab X6100, Japan, instrument
with generator utilizes 30.0 (mA) current and voltage 40.0 (kV).
XRD analysis was used for determining the crystal lattice form
of BCCW-NB. Temperature domain from 28.8° C to 120.5°C
was applied for 5 mg of the BCCW-NB with heating rate 10°C
min tand flow rate 40 mL min * using TGA-50-Schimadzu,
Japan instrument . The major aim of TGA analysis is the
estimation of the thermal stability of the nanobiosorbents. The
Unico UV-2000 UV/Visible spectrophotometer was used for
determining the absorbance values of methylene blue (MB),
basic fuchsin (BF) at the maximum absorbance wavelength of
the dyes 660 nm and 545 nm, respectively as listed in Table 1S
(Supplementary Materials). The pH values of methylene blue
(MB), and basic fuchsin (BF) dyes were measured on a
calibrated pH-meter by the standard buffers (pH 4.0, 7.0 and
10.0).

2.3. Synthesis of bare corn cobs waste (BCCW-NB)

Conversion of bare corn cobs waste into the aimed nanobiochar
(BCCW-NB) was performed by first removing out the seeds and
husk. The collected bare corn cobs waste was cut into small
pieces and dried in air and then milled to small particles to
undergo pyrolysis at 400°C for 1 hour in a muffle furnace with
low oxygen atmosphere. Finally, the pyrolyzed product was
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mixed and washed with distilled water several times to remove
all impurities. The product BCCW-NB nanobiochar was filtrated
and dried in an oven at 70°C [17].

2.4. Batch adsorptive elimination studies [20, 24].

1.0 g of each dye (BF and MB) was diluted to 1 Liter solution
using DDW in order to obtain 1000 mg/L stock solution from
which the desired dyes concentration (5,10,15 mg/L) were
obtained via dilution process. The absorbance of the dyes was
determined by Unico UV-2000 UV/Visible spectrophotometer at

Amax= 665 and 545 nm for MB and BF, respectively. The batch
elimination experiments of the two dyes by BCCW-NB was
studied under the influence of variable BCCW-NB doses,
contact times, initial dye concentrations, pHs, coexisting salts
and temperatures. The BF and MB removals onto BCCW-NB
were studied by the batch approach to get the percentage of dye
uptake (%E) as stated in the following Eq. (1), while the qg. of
dye at equilibrium is computed from Eq. (2) [14].

%E = CC;C X 100 1)
Co—Ce
Qe =70 @

Where C. and C, are the final and initial concentration of dyes,
V is the dye volume (L) and W (g) is the BCCW-NB
nanobiosorbent mass.

The pH contribution on BF and MB elimination was performed
via adjusting the pH range from 2 to 11 using NaOH and H,SO..
20 mL (5, 10 and 15 mg/L) of MB or BF dyes with different
pHs were mixed with 15 mg BCCW-NB nanobiochar and
shaken for 10 min. The absorbance values of residual
concentrations of MB and BF in the filtrates were measured on a
UV-Vis instrument at Amax 665 Nm and 545 nm, respectively.
The contribution of BCCW-NB dose on BF and MB elimination
was accomplished by varying the mass from 5 to 100 mg. 20 mL
(5, 10 and 15 mg/L) of MB or BF dyes with the selected
BCCW-NB nanobiochar mass and shaken for 30 min and the
process was completed as mentioned above. The contribution of
contact time on BF and MB elimination was performed by
mixing 15 mg of BCCW-NB nanobiochar with 20 mL of BF and
MB dyes (5, 10 and 15 mg/L) with shaking time from 2 min and
up to 20 min and the process was completed as described above.
The contribution of initial dye concentrations on BF and MB
elimination was established by treating 20 mL of different
concentrations of BF and MB dyes (10 to 100 mg/L) with 15 mg
of BCCW-NB and shaking for 30 min and the process was
completed as mentioned above. The contribution of competing
species on BF and MB elimination was accomplished by mixing
15 mg of BCCW-NB with 20 mL of 5, 10 and 15 mg/L of dye
and 100 mg of the competing salts (CaCl,, MgSO., NH4CI, KCI,
and NaCl). All mixtures were shaken for 30 min then the
process was completed as demonstrated above. The contribution
of temperature on BF and MB elimination was followed by the
reaction of 15 mg of BCCW-NB with BF and MB dyes (20 mL
of 5, 10 and 15 mg/L) at various controlled reaction temperature
(30 to 60 °C) using water thermostatic bath. These were
filtrated and the absorbance values were measured as outlined
above.
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2.5. Potential removal of BF and MB dyes from real waters
by BCCW-NB nanobiosorbent

The application of BCCW-NB for the elimination of BF and MB
dyes from various actual water patterns using the batch ode. The
chosen water specimens were spiked with BF and MB dyes to
obtain15, 10 and 5 mg/L each and added to 15 mg of BCCW-
NB. These were undergone shaking for 10 min and finally, the
produced filtrates values were analyzed by a UV
spectrophotometer to identify their absorbance values.

3. Results and Discussion
3.1 Characterization

Identification of the chemical and physical characteristics is
important to find out the structural and surface characteristics
of the as-prepared BCCW-NB nanobiosorben. Therefore,
different characterization methods were applied in such
investigation including FT-IR, XRD TEM, SEM, TGA and BET
surface analysis.

The FT-IR spectrum of BCCW-NB nanobiosorbent as shown in
Figure la is characterized by several peaks as the assigned O-H
stretching vibration at 3300 cm® for hydroxyl phenolic
functional group.  Also, the aromaticity in BCCW-NB
nanobiosorbent was confirmed by the C-H stretching vibration
at 3181 cm™ and aliphatic C-H symmetric stretching vibration at
2905 cm* which agree with their two bending vibration bands at
1435 and 1369 cm™. The band at 1226 cm™ is assigned for
stretching deformation of C-O and O-H groups. Finally, the
presence of trace silicate can be confirmed by the peaks at 814
and 434 cm? for O-Si-O symmetric and bending vibrations
respectively [41].

100
s

Transmittance %]
9.

200 3000 2500 2000 1200 1000 =00
Wavenumber cm-1

Figure 1a. FTIR of BCCW-NB nanobiosorbent

The BET surface area of BCCW-NB was identified as 9.077
m?g? with total pore volume 2.113x10% cm®g™ and pore
diameter 9.312 nm and the volume of gas adsorbed N, at STP to
form an apparent monolayer on the sample surface = 2.085
cm®g. The adsorption-desorption isotherms was identified as a
H3 type which corresponds to wedge-shaped pores formed by
the stacking of flaky particles as documented by the IUPAC
classification [42].
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The surface morphology of BCCW-NB nanobiosorbent was
evaluated from the HR-TEM and SEM images. Figure 1b
illustrates the SEM image of this nanobiochar which refers to
homogeneous individual uniform nanoparticles. Additionally,
The HR-TEM image of BCCW-NB nanobiosorbent is illustrated
in Figure 1c and show some sort of aggregation of the
nanobiosorbent with an average particle size about 17 nm [43].
The XRD pattern of BCCW-NB nanobiosorbent (Figure 1d)
shows the obvious amorphous structure of this material with a
broad hump ranging from 15-30° attributed to aromatic carbon,
in addition to small peak at 26.1° indicating presence of SiO,
[44]. The thermal stability and weight loss of BCCW-NB
nanobiosorbent is illustrated via TGA (Figure 1e) to
demonstrate the loss of adsorbed moisture around 100 °C
followed by a significant mass loss at 275-528°C due to the
degradation of cellulose and hemicellulose moieties,
aromatization of char and slow degradation of the remaining
lignin [45].

Figure 1b. SEM image of BCCW-NB nanobiosorbent

Figure 1c. HR-TEM image of BCCW-NB nanobiosorbent.
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Figure le. TGA of BCCW-NB nanobiosorbent

3.2. Impact of several factors on the elimination of BF and
MB dyes from aqueous solution by BCCW-NB
nanobiosorbent

3.2.1. Contribution of pH

Since the presence of different functionalities for both the dyes
as well as BCCW-NB nanobiosorbent, the interactions may be
followed by attractive or repulsive forces and these are greatly
affected by the medium pH. So, the impact of pH on the
elimination processes of BF and MB according to their
interactions with BCCW-NB is a vital factor to be examined.
This was experimented by varying the pH from 1 to 11 and the
collected results are compiled in Table 1. It is evident that low
percent removal values were detected by both dyes at low pH
and as the pH increased, these values were also increased to
reach the maximum ones at pH 5. The R% of MB were
corresponded to 91.71, 88.75 and 81.01% by using 15, 10 and 5
mg/L MB concentrations, respectively, While 85.22 ,82.31,
79.93% were identified for BF at concentrations 15,10 and 5
mg/L concentrations, respectively. This behavior may be due to
the competition on the active surface sites between acidic
protons and cationic dyes at low pH, and as the pH value

Online ISSN: 2974-3273



increased, the rival acidic proton concentration decreased
leaving more active sites for attracting more of dye molecules
[46].
Table 1. The impact of pH on percentage removal of MB and
BF by BCCW-NB nanobiosorbent

% Removal

5 49.32 78 81.01 78.53 77.79 77.32
10 4592 8543 88.76 88.69 87.21 84.31
15 40.17 8824 91.71 91.47 90.96 90.75
5 29.07  73.26 79.33 75.23 62.28 47.13
BF 10 24.09  76.26 82.32 77.86 65.62 55.55
15 18.77  78.83 85.22 81.33 75.58 71.57

3.2.2. Contribution of BCCW-NB nanobiosorbent mass
dosage

In order to determine the capacity of BCCW-NB nanobiosorbent
for Uptake of BF and MB, various masses were employed and
varied from 5 to 100 mg. It is evident that the three investigated
concentrations of MB (5, 10 and 15 mg/L) showed high
efficient removal by BCCW-NB nanobiosorbent providing R%
90% by using 5 mg/L and this value was gradually increased to
95% in the case of 15 mg/L and equilibrium condition was
identified at 97% upon using 30 mg dosage as illustrated in
Figure 2a. For BF, it was found similarly behaving in the same
manner with slight change as shown in Figure 2b. Such
behaviors are mainly attributed to increasing availability of
active sites on the BCCW-NB nanobiosorbent surface which
favored more binding of dye molecules [47].
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Figure 2(a, b). Effect of mass dosage on the removal
efficiency of MB & BF by BCCW-NB

nanobiosorbent

3.2.3. Contribution of competing salts

Three concentrations, viz. 5, 10 and 15 mg/L of both dye
molecules were testified in presence of some competing salts as
CaCl,, MgS0O4, NH4CI, KCI, and NaCl. In case of MB, all salts
were identified to compete with the uptake of MB to decrease
R% for 10 and 15 mg/L concentrations, and less competition
fulfilled for 5 mg/L concentration with about 70% removal as
compiled in Table 2. For BF, all salts exhibited more
competition in the uptake process providing a decreasing in R%
for 5 and 10 mg/L concentration and less competition was
accomplished in the case of 15 mg/L concentration with about
37.06% removal [48].

Table 2. Impact of competing salts on removal of MB and BF
by BCCW-NB nanobiosorbent

%Removal

Interfering salts

NH.CI

5 78.21  74.28 68.56 66.04 65.07
MB 10 63.41  60.55 58.05 51.89 46.28
15 54.19  53.78 51.93 50.45 43.96
5 37.06  35.63 33.75 31.11 28.35
BF 10 4148  39.54 37.73 34.04 30.87
15 37.06  35.63 33.75 31.11 28.35

3.2.4. Contribution of contact time and Kinetic evaluation

The impact of contact time on the expulsion rates of BF and MB
dyes by the examined BCCW-NB nanobiosorbent are
represented in Figure 3(a, b). The 5, 10 and 15 mg/L
concentrations of BF and MB dyes were found to quickly
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decrease upon interaction with BCCW-NB. The adsorption
reactions were found to reach to the equilibrium at 10 min for
both BF and MB dyes. At that point, the adsorption behaviors
were found to decline. At the starting of this process, the
adsorption rate was quick due to the increment of large number
of surface-active sites and by increasing the time period the
active sites turned to fully occupied by the dye molecules. So, It
was gotten to be troublesome to possess empty destinations due
to the shock powers between colored particles which already
adsorbed on the surface which display in arrangement [49].

85 r —r—

0 2 4 6 8 10 12 14 16 18 20 22
contact time (min.)

% (b)
80 oA A Ap AA
S
g 70 -
&
= 60 - =5 mg/L
A—10 mg/L
—8—15 mg/L
50 T T T T
0 5 10 15 20 25

Contact time (min.)

Figure 3(a, b). Effect of contact time on the removal
efficiency of both MB & BF by BCCW-
NB nanobiosorbent

The experimental results were also investigated by a series of
kinetic parameters and models to evaluate and describe the
elimination of BF and MB dyes onto BCCW-NB
nanobiosorbent to characterize the most fitting model. The
definitions and parameters of various linear models are stated in
Table 2S (Supplementary Materials), while the computed
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theoretical and experimental kinetic parameters with the
characterized R? values are stated in Table 3. Generally, the
maximum R?2 reflects that such kinetic model can be employed
to represent the uptake processes of BF and MB by BCCW-NB
nanobiosorbent [50]. The stated pseudo-first order model by
Lagergren [51] was mainly referring to physical adsorption
nature of adsorbates as BF and MB dyes onto the adsorbent as
BCCW-NB [52]. The computed R? values for MB and BF were
in the range 0.865-0.897 and 0.785-0.884, respectively.
Moreover, the Qeexp) Was found completely different from the
Oe(eale)- This confirm that the adsorption processes of both BF and
MB dyes by BCCW-NB nanobiosorbent were not suitable to fit
to this model.

The pseudo-second-order model was reported by Ho and
Mckayis [53] and applied in this study. The collected data by
this model for MB and BF dyes revealed that the Qecary Were
identified as 4.39, 9.16 and 13.94 mg g as well as 3.86, 8.18
and 11.74 mg g* by using 5, 10 and 15 mg/L initial dye
concentrations, respectively. These values are consistent with
the experimental data, Qeexp) @ compiled in Table 3. Moreover,
Figure 4(a, b). show good straight lines with R? values = 0.999
to prove that the adsorption of both BF and MB dyes by BCCW-
NB nanobiosorbent could be suitably explained by the pseudo-
second-order kinetic model.

(a)
M5 mg/L
A 10 mg/L R? =

-2  @15mg/L B
o
~

1

1
0
0 > Time (min) 10 15
- (b)
H5 mg/L
2.5 A10 mg/L
®15mg/L R? = 0.9995

:':1.5
s A

05 0.9999

0 L
0 2 4 6 8 10 12
Time (min)

Figure 4(a, b). Pseudo-second order kinetic model for
removal of MB and BF by BCCW-NB
nanobiosorbent
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This confirms that the suggested mechanism is mainly correlated
to chemical binding between these two pollutants with BCCW-
NB nanobiosorbent.

The intra-particle diffusion model proposed that the adsorption
mechanism may occurred in two step, (i) transfer of solute
molecules from aqueous solution to the surface of adsorbent and
(i) diffusion of adsorbate molecules into the pores of the
prepared phase [54].

The collected data from plotting this models are outlined in

Conversion of bare corn cobs waste into sustainable and ecofriendly nanobiosorbent

Table 3 to refer to R? values 0.990, 0.973 and 0.976 for MB and
0.996, 0.965 and 0.958 for BF using the same initial
concentrations of both dyes. A quick glance to Table 3, indicates
that the intercept and Kis values was increased by increasing the
initial concentration of dyes due to the liquid film mass transfer
and linear portion to the intraparticle diffusion.

Table 3. Computed kinetic parameters by various models for removal of MB and BF by BCCW-NB nanobiosorbent

Kinetic model

Pseudo-first order

ge (Mg g™)(exp.) 7.480 3.915
ge (Mg gt)(calc.) 4.390 9.15
ke (min. ) 0.209 0.304
R? 0.974 0.865
Pseudo-second order
ge (Mg g™)(exp.) 4.393 9.165
ge (Mg gt)(calc.) 4.390 9.150
k(g mg?! min.?) 4.430 2.903
R? 1.000 1.000
Intraparticle diffusion
Kis(mg.g*min?) 0.0372 0.0536
C 4.256 8.966
R? 0.990 0.973
Elovich
o (mg g min?) 2.56 x10% 8.54x105
B (mgg?) 25.188 17.69
R? 0.959 0.922
Vadivelan and Vasanth
Kumar model
R? 0.973 0.865

The Elovich model is utilized in cases of non-homogeneous
systems and it is suitable for chemisorption process [55]. It is
denoting to with R? 0.959, 0.922 and 0.939 by MB and 0.971,
0.911 and 0.905 by BF dye as clarified. The better adsorption
has highest value of initial adsorption rate (o) and lowest value
of desorption constant (§). Finally, the evaluated Boyd kinetic
model, also named Vadivelan and Vasanth Kumar model [56]
was found to provide R? values 0.973, 0.865 and 0.897 for
adsorption of MB, while 0.884, 0.785 and 0.830 for removal BF
dye by BCCW-NB nanobiosorbent. Based on the Boyd model,
one can conclude that the mass transfer is the rate-determining
step.
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BF dye

1.341 1.108 1.404 1.433
13.94 3.86 8.18 11.74
0.420 0.379 0.382 0.423
0.897 0.884 0.785 0.830
13.986 3.950 8.264 11.834
13.940 3.860 8.180 11.74
1.345 0.741 0.665 0.721
1.000 0.999 0.999 0.999
0.120 0.201 0.222 0.211
13.522 3.205 7.431 11.045
0.976 0.996 0.965 0.958
2.02x10% 11.29x10° 28.29x10"2 1.28x10%
7.806 4.651 4.282 4.482
0.939 0.971 0.911 0.905
0.897 0.884 0.785 0.830
3.2.5. Contribution of initial dye concentration and
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adsorption isotherms

The impact of initial BF and MB concentration on the
adsorption process was studied using a wide concentration
ranges (10-100 mg/L) at optimum conditions as represented in
Figure 5(a, b).

Online ISSN: 2974-3273



(a)

a4
93
92
9

T
=]
E W
% 88
87
86
0 20 0 60 80 100 120
Initial concentration mg/L)
(b)
86
84
T 82
E 80
U
£ s

76

Initial conc.  mg/§

Figure 5(a, b). Effect of initial dyes concentration on
removal of MB and BF by BCCW-NB

nanobiosorbent

The removal efficiency (%) of BF and MB dyes was observed to
decrease upon increasing the initial dye concentration. This is
attributed to the increased rate of chemical binding between the
interacting species. In addition, it was observed that the actual
amount of removed dyes per unit mass of BCCW-NB
nanobiosorbent was found to increase with the increase in the
concentration of studied dyes. Such increase is mainly due to the
lessen in impedance to the uptake process of dye molecules from
solution. In addition, more driving force was provided in high
concentration of dyes which was very necessary to overcome the
mass transfer reluctance of dyes between the aqueous and solid
surfaces [57]. Various adsorption isotherm models were used to
relate the adsorbed amount of BF and MB by BCCW-NB with
those in solution at constant temperature under equilibrium
conditions. Five adsorption isotherm models were applied to
investigate the isotherm data as listed out in Table 3S
(Supplementary Materials). The Irving Langmuir [58] was
employed to explicate the adsorption of BF and MB dyes onto
BCCW-NB nanobiosorbent. It is proposed a uniform monolayer
adsorption on surface without interactions between the adsorbed
molecules. Straight lines were detected with R? values 0.989 and
0.921 for MB and BF dyes, respectively, while the characterized
Omax Values were 149.25 and 158.73 for MB and BF,
respectively. All computed parameters for both BF and MB are
listed in Table 4. The separation factor R, clarifies the nature of
adsorption between 0.09 — 0.499 for MB and 0.204 — 0.711 for
BF dyes to indicate that the adsorption processes are favorable
[59]. The Freundlich model stated that the adsorption proceed
through the formation of heterogeneous surfaces with different
adsorption sites. The (1/n) constant refers to Favorable,
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if (0 < 1/n < 1), unfavorable if (1/n > 1) or irreversible
adsorption if (1/n = 0) [60]. A good line was obtained as
represented in Figure 6a and the estimated Freundlich
parameters are in Table 4. The obtained 1/n value are 0.735 and
0.804 for MB and BF, respectively, which indicate that the
adsorption processes of both dyes are favorable processes but
only at higher dyes concentration. The correlation coefficients
(R? of both dyes were 0.983 and 0.972 for MB and BF dyes,
separately to confirm good fitting of the adsorption data with the
Freundlich model compared to the Langmuir model.

oMB

R=0983% . oo
AEF o8-

R*=0.972

Log q.

45 03 01 01 03 05 07 09 1 13 15

LogC,

Figure 6a. Frundlice adsorption isotherm for the adsorption
of MB and BF by CCBW-NB nanobiosorbent

The Temkin isotherm model predicts that the heat of adsorption
is linearly declined by rising the biochar coverage [61]. The
Temkin isotherm parameters are stated in Table 4 and the
computed correlation coefficients R? by Temkin isotherm model
were identified as 0.967 and 0.975 for MB and BF dyes,
respectively. The Dubinin—Radushkevich (D-R) isotherm [62]
doesn’t predict a homogeneous surface or a constant potential of
adsorption. The gs were found 59.58 and 52.39 mg g* for MB
and BF dyes, respectively, while the K, (mol?/kJ?) values were
equal to 4x107 for MB and 1x10 for BF, with R? value of
0.836 and 0.804 for MB and BF, separately, as listed in Table 4.
The Kqq values give the information about the mean free energy
E (kJ/mol) of adsorption per mole of the studied dye as
calculated from equation (3).

1
Es= Nex T 3)
If Es >16 kdmol™?, the adsorption process is chemisorption and if
Es < 8 kJmol™?, the adsorption process is a physisorption. The
calculated Es values were equal to 1.123, 0.709 kJmol™* for MB
and BF dyes, respectively to affirm physisorption processes
[63].
Scatchard analysis plot is generally used to provide more
information about the affinity of various binding sites and
interpret the results of adsorption isotherms. The equation used
and the parameters definitions are shown in Table 4.
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Table 4. Computed parameters by various adsorption isotherm models

Omax (mg/g) 149.25 158.73
Lanamuir b(Lmg?) 0.1003 0.039
g = 0.09 - 0.49 0.20-0.71
R? 0.989 0.921
n 1.359 1.242
. Ks (L. mg?) 14.272 6.788
Freundlich R? 0.983 0972
ar (L.g*) 1.496 0.659
br ( J/mol) 92.595 94.835
Temkin 26.757 26.125
0.967 0.975
gs (Ma/g) 59.584 52.399
T . Kag (Mol?/ j?) 4x107 1x10%
Dubinin-Radushkevich 1123 0.709
0.836 0.804
b=0.013, b=0.003,
High affinity @=979.12, Q= 1604,
Scatchard plot R?=0.999 R?=0.622
b=0.12, b=0.057,

Low affinity

The shape of Scatchard plot is reflecting the type of interactions
of adsorbate with the adsorbent. Figure 6b shows the Scatchard
plot with a deviation from linearity and this means that BCCW-
NB nanobiosorbent presents more than one type of binding sites,
high affinity (H) and low affinity (L) due to the difference in
affinities of the binding between the adjacent sites towards the
adsorbed dyes. As compiled in Table 4, the calculated Q, and b
values from Langmuir are very close to those calculated from
the low affinity binding sites, for the sorption of BF and MB
dyes onto BCCW-NB nanobiosorbent which is attributed to low
affinity binding sites.

= 133.82, R?=0.988

®=130.52, R?=0.930

Therefore, the binding reaction and mechanisms may involve
electrostatic interactions rather than ion exchange mechanism
[64].

By comparing the R? values for adsorption of BF and MB dyes
onto BCCW-NB nanobiosorbent, one can be deduced from
Table 4 that the Freundlich isotherm demonstrated most valid
model for fitting the data than the other expressions.

14
12
MB ( high affinity ) y =-0.0137x + 13.414 oMb
R? = 0.9999
10 ABF
8 MB ( low affinity )y = -0.1209x + 16.179
® R? = 0.9883
Y s
& A—A—A
4 BF (high affinity ) y = -0.0033x + 5.2959
5 R?=0.6227 y=-0.0576x + 7.518
R? = 0.9306
O 1
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
q. (mg/g)

Figure 6b. Scatchard plot adsorption isotherm for the adsorption of MB and BF by BCCW-NB nanobiosorbent
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3.2.6. Contribution of temperature and thermodynamic
studies

The contribution of temperature is another important physico-
chemical parameter because any changes in the temperature will
affect the adsorption efficacy and capacity for binding of BF and
MB dyes onto BCCW-NB nanobiosorbent. The impact of
temperature was studied at three various dyes concentrations (5,
10 and 15 mg/L) using the selected temperatures (30, 35, 40, 45,
50, 55 and 60°C). the results are represented in Figure 7 (a,b). It
is explicit that a decrease in the removal efficacy (%) of BF and
MB was spotted with raising the temperature. The diminution in
R% at higher temperature referred to an exothermic behavior of
adsorption due to the bonds among dye molecules and the active
pore sites on nanobiosorbent are weak. In addition, the
dissolution of dyes also raised, which caused the interaction
between the solute and solvent become less than the solute and
BCCW-NB nanobiosorbent. Therefore, BF and MB dye
molecules were not easy to be adsorbed [65].
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A—p A
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£
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85 - H @
— 80 -
@
375 -
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Figure 7 (a,b). Effect of temperatures on the adsorption of
MB and BF by BCCW-NB nanobiosorbent

The standard thermodynamic parameters: standard Gibbs free
energy (AG°®), standard enthalpy change (AH®) and standard
entropy change (AS°) at different temperatures are enclosed in
Table 5. AG® is given by Eq. (4).
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AG®° =-RT In Kq 4)
Kgq (L/g) is the equilibrium sorption constant given by Eq. (5).
Ki = qeV/C.W )

g. (mg/g) and C. (mg/L) as mentioned before, V is for dye
solution (L) and W is the mass of biochar (g). (AH®) and (AS®)
of BF and MB are presented by Van't Hoff according to Eq. (6).
_AS° AH°

R RT (6)

The AS° and AH® are obtained from the slope and intercept as
given in Figure 8 (a,b). The outlined results in Table 5 show
negative AG® values to confirm the spontaneity of the adsorption
process, but the elimination of dyes become more favorable at
lower temperatures. The negative values of AH® emphasized that
BF and MB adsorption reaction were exothermic in nature [66]
The negative AS® values, suggest more ordered molecules at the
liquid-solid interface during BF and MB adsorption. But the
negativity is decreasing by increasing the initial dyes
concentration indicating the increase in randomness at solid-
liquid interface [67].
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Figure 8 (a,b). Vant Hoff s plot for the adsorption of
adsorption of MB and BF by BCCW-NB
nanobiosorbent
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3.2.7. Potential adsorptive elimination of BF and MB dye
from various water specimens

The validity of practical application of BCCW-NB
nanobiosorbent in real adsorptive elimination of BF and MB
dyes from various water specimens was also investigated and
the results are collected in Table 6. It is evident and confirmed
that the percentage removal values (R%) upon using 15 mg/L of
MB dye were 98.58%, 91.07% and 98.55% from drinking water,
sea water and industrial water, separately and 93.45%, 90.13%
and 97.89% for BF dye from the same previous water
specimens. Comparable results were also obtained by using the
other two concentrations as listed in Table 6. Therefore, the data
in this manuscript work emphasize the validity of BCCW-NB
nanobiosorbent for water remediation of dyes pollutants.

4. Conclusion

A sustainable, ecofriendly, and low-cost nanobiosorbent was
prepared by thermal conversion and pyrolysis of collected waste
bare corn cobs. The produced nanobiochar (BCCW-NB) was
characterized by different techniques providing uniform
nanoparticles with average size ~ 25 nm according to the TEM
analysis. The FT-IR analysis confirmed several functional
groups as phenolic, C-O and O-H groups. The BET surface area,
total pore volume and pore diameter of BCCW-NB nanobiochar

Conversion of bare corn cobs waste into sustainable and ecofriendly nanobiosorbent

at 77.4 K were identified as 9.077 m?g?, 2.113x10% cm®g* and
9.312 nm, respectively. The XRD pattern of BCCW-NB
nanobiosorbent exhibited amorphous structure with a broad
hump in the rang of 20 = 15-30° due to the aromatic carbon
skeleton. The impact of several factors on the batch elimination
of BF and MB dyes from aqueous solution by BCCW-NB was
investigated and optimized using three different concentrations
of each dye (5, 10 and 15 mg/L). The optimum pH 5 and 30 mg
BCCW-NB were characterized to afford the maximum removal
of BF and MB dyes, while the adsorption conditions of BF and
MB dyes were found to reach to the equilibrium at almost 10
min for both pollutants. The comparison of adsorption isotherm
R? values revealed that Freundlich isotherm provided the best
fitting for removal of BF and MB dyes onto BCCW-NB
nanobiochar than the other evaluated models. Moreover, the
computed kinetic R? values (0.999) by the pseudo-second-order
model proved the adsorption of both dyes to the nanobiosorbent
more than other kinetic models. Finally, the potential adsorptive
elimination of BF and MB dyes from various water specimens
confirmed excellent trends with R% = 98.58%, 91.07% and
98.55% for MB removal and 93.45%, 90.13% and 97.89% for
BF dye from drinking water, sea water and industrial water.
Therefore, the collected data in this work emphasized the
validity for using BCCW-NB nanobiochar in water remediation
of dye pollutants.

Table 6. Adsorptive removal of MB and BF dyes (initial concentrations: 5, 10 and 15 mg L™, from real water samples (mass =15 mg
BCCW-NB nanobiosorbent, shaking time=10 min., pH=5 for both dyes, 20 mL dye solution)

Removal (%) of MB dye

Removal (%) of BF dye

Water sample
5 mg/L 10 mg/L 15 mg/L 5 mg/L 10 mg/L 15 mg/L

97 . 69
Seawater 99.44
Wastewater 98.35
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