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Neolamarckia cadamba leaves were used as an adsorbent for methylene blue removal as well as for the reduction in the water
quality parameters of the sewage belts of Yamuna River in Allahabad, Uttar Pradesh, India. A variety of water quality
parameters were assessed, including chemical oxygen demand, biological oxygen demand, total dissolved solids, conductivity,
hardness, pH, and temperature. A great deal of degradation in the water quality parameters collected from three locations
within the Yamuna River in Allahabad, Uttar Pradesh, India, has been observed by treating with Neolamarckia cadamba
leaves. The adsorption studies were carried out by the batch method, and the effect of various parameters such as contact time,
pH, initial concentration, and temperature was assessed. The maximum removal of methylene blue was obtained at pH 5 after
120 minutes of equilibrium time. In addition to fitting the Langmuir isotherm most accurately, the adsorbent also followed
pseudokinetics of the second order. The maximum monolayer adsorption capacity of used biomass was 101 mg/g using 50 mg/
L methylene blue solution. It is evident from the thermodynamic data that the adsorption is exothermic. Also, the spontaneity
of the interaction between adsorbent and adsorbate decreases with temperature. Energy-dispersive X-ray spectroscopy,
scanning electron microscopy, and Fourier transform infrared spectroscopy techniques were used to characterize the adsorbent.
SEM images revealed that the biomass consisted of irregular spherical lumps with a porous structure, which provided effective
adsorption sites. A chemical composition analysis of the biomass by EDAX shows that the chemical composition of oxygen
and carbon decreases, whereas nitrogen’s chemical composition increases.

1. Introduction

The existence of living organisms on today’s planet is greatly
affected by water pollution. The sewage discharge from
industries contains various organic and inorganic pollutants
that are directly discharged into lakes and rivers affecting the
flora and fauna of the ecosystem. The water standards like
biological oxygen demand (BOD), chemical oxygen demand
(COD), pH, total dissolved solids (TDS), conductivity, and
hardness level of the river water should be maintained
according to the standards provided by the environmental
pollution agency (EPA) and World Health Organization

(WHO). There have been some recent studies reporting on
the quality of river water [1, 2], There are many toxic pollut-
ants such as heavy metals, dyes, phenols, nitrobenzene, and
pesticides released by various industries such as battery
manufacturing, paint industries, textile manufacturing,
pharmaceutical, and electroplating manufacturing. Synthetic
dyes are toxic to human beings and aquatic organisms.
The biodegradation of synthetic dyes is not easily possible
because the microorganism cannot damage the aromatic
ring of synthetic colorants [3]. Methylene blue (MB) dye
is a cationic dye and is also known as tetraethylthionine
hydrochloride. MB is a hazardous textile dye that is used
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in the dyeing of silk, leather, paper, and ink preparation.
This dye show toxicity such as mutagenicity, neurotoxicity,
and nucleic acid damage causing various health problems
such as high pulse rate, jaundice, tissue necrosis, cyanosis,
and limb paralysis [4]. When released into the environ-
ment, MB is a hazardous synthetic dye with a complex
aromatic molecular structure [5].

There have been many physiochemical methods studied
to treat dye-containing wastewater, but adsorption is the
most appropriate because it is economical, feasible, and
can work at high dye concentrations. Many agricultural
wastes have been used for the adsorption of toxic aqueous
pollutants such as walnut shell [5], Punica granatum [6], lee-
chi peel [7], Schleichera oleosa bark [8], rice husk derivatives
[9], Onosma bracteatum [10], Coriandrum sativum [11],
and most recently, rubber seed pericarp [12]. For the
adsorption of toxic pollutants, other synthesized adsorbents
such as MOF-5/Cu [13], CuCl-MIL-47 [14], mesoporous sil-
ica/DZ [15], and magnetic mesoporous silica [16] have also
been used. According to literature on the removal of MB
using natural materials, biomass is an effective adsorbent
for the removal of MB. A study by Ramutshatsha et al.
showed that 98% of the MB was removed with waste orange
and lemon peels [17]. In a study by Omorogie et al., Nauclea
diderrichii activated carbon-agricultural waste was used to
remove MB, and an adsorption capacity of 35.09 mg/g was
determined [18].

Neolamarckia cadamba (NC) or Kadam also known as
burflower belongs to the family Rubiaceae. The plant contains
anti-inflammatory, antidiabetic, and antipyretic effects. Leaf
decoction is used to treat aphthae or stomatitis, ulcers, and
wounds. NC leaf extract has a hypoglycemic effect. Chemical
elements such as indole alkaloids, terpenoids, saponins, sapo-
genins, terpenes, steroids, lipids, reducing sugar, glycosides,
and flavonoids were found in different parts of NC during
phytochemical analysis. The glycosidic indole alkaloids
cadambine, 3alpha-dihydrocadambine, and isodihydroca-
dambine and two related nonglycosidic alkaloids are the iso-
lated principles. In this study, NC as an adsorbent was found
effective in methylene blue dye removal due to its porous
structure. The adsorbent also shows effective results in the
reduction of water quality of Yamuna River which is located
on the bank of Allahabad, Uttar Pradesh, India.

For samples collected from the three sewage belts of
Chachar, Katghar, and Kareli near the outskirts of the
Yamuna River in an interval of months and from point
stream, upstream, and downstream, BOD, COD, pH, tem-
perature, TDS, conductivity, and hardness were monitored.
The water samples were then treated with NC as an adsor-
bent, and the change in the water sample parameters after
adsorption was reported. Simultaneously, batch adsorption
of MB was carried out using NC leaves. The kinetics,
isotherm, and thermodynamic studies were explored.

2. Materials and Methods

2.1. Instrument and Chemicals. The solutions of manganese
sulfate, sodium azide, ferrous ammonium sulfate, concen-
trated H,SO,, sodium thiosulfate, ferroin indicator, starch
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indicator, potassium dichromate, mercuric sulfate, methy-
lene blue, and silver sulfate were prepared using double dis-
tilled water. All the chemicals purchased were of analytical
grade. A scanning electron microscope was used to study
surface characteristics (SEM, Zeiss, CIL, BHU, India),
Fourier transform infrared spectroscopy was used to study
functional groups (Perkin Elmer, USA, model spectrum-
BX, range 4,000-400 cm'l), and X-ray energy-dispersive spec-
troscopy was used to determine element presence (EDAX,
Zeiss, CIL, BHU, India). The BOD incubator (impact instru-
ments, India) was used for the BOD study, and the COD open
reflux digester (impact instruments, India) was used for the
COD measurement. A pH meter, TDS meter, and conductiv-
ity meter made by Labtronics instruments, India, were used to
measure water quality parameters. The adsorption analysis
was carried out by using a UV-visible spectrophotometer
(Globe instruments) at 664 nm.

2.2. Preparation of Adsorbent. The collection of the adsor-
bent was through the local area of the SHUATS university
campus, Allahabad, India. NC leaves were collected and
washed in distilled water for the removal of existing impuri-
ties. NC leaves were then ground to a fine powder and sieved
to 120-180 microns in size. The prepared biomass was used
as such for adsorption studies.

2.3. Water Sampling. A total of 48 wastewater samples were
collected from the mainstream, downstream, and upstream
areas of the Yamuna River in Allahabad, Uttar Pradesh,
India, including Katghar, Chachar, and Kareli sewage belts.
The two-month samples (February and March) were col-
lected and analyzed. The parameters like BOD, COD, pH,
TDS, conductivity, and hardness were studied according to
the procedure mentioned in the American Public Health
Association (APHA) manual. Remediation of parameters
for the water quality assessment was performed using NC
leaves. 0.1 g of NC leaves was used to treat wastewater sam-
ples collected from three locations at both sampling areas.

2.4. Batch Adsorption Study. Experimental studies of MB
adsorption by using NC leaves were performed under batch
conditions. The experiments were carried out in a 100 mL
conical flask containing 25mL of 50mg/L MB solution
equilibrated with 0.1 g adsorbent for 24 hrs. The experiments
were performed for different initial dye concentrations (10-
100mg/L) to find the effect of the concentration of MB
adsorption. The solution was filtered, and the supernatant
obtained was made to be analyzed by a UV-visible spectro-
photometer with a maximum absorbance of 664 nm. The
pH was measured between 2 and 8 and adjusted by dropwise
addition of 0.5 M HCl and NaOH. All experiments were per-
formed in triplets. The following formulas were used to
compute the capacity of adsorption (g,) and percentage of
removal (% removal):

(C, - C,) x 100

%removal = C ,
° (1)
(CO - Ce) xV
L=y
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where C, is the initial concentration of the adsorbate (mg/L),
C, is the equilibrium concentration of the adsorbate (mg/L),
q, is the adsorption capacity at equilibrium (mg/L), V is the
volume of the solution in L, and W is the weight of the
adsorbent in g.

2.5. Error Analysis. The excel function and origin Pro21 soft-
ware were used to evaluate the models using various error
functions. The various error functions are given in the
following equations:

1 n
RMSE = N-2 ;(quodel - qecal) >
ARE = @ ; (qemodel B qecal) ,
P i=0 quodel
2
Hybl‘ld — 100 i (qf.’model B qecal) , (2)
N-P i=1 Gecal
MPSD = 100 x Z qemodel q6cal> ,

N - P qecal

2
n
Z qemodel qecal)
i=1 9ecal

3. Results and Discussion

3.1. Characterization. The high porosity of the adsorbent can
be determined by the SEM images. A micrograph of NC leaf
materials shows impurities and fragments, which appear as
bars or wires (Figure 1(a)). This phenomenon was also
reported by Peng et al. [19] and Yu et al. [20]. Following
MB loading, the surface morphology of NC leaves was more
regular than the unloaded sample (Figure 1(b)). Besides, the
SEM images revealed that the biomass consisted of irregular
spherical lumps with a porous structure, which provided
effective adsorption sites for MB and thus occupy the pores
after successful adsorption. The dye solution occupies the
pores after adsorption as shown in Figures 1(a) and 1(b).
The EDAX data show the elemental composition of unloaded
and MB loaded NC leaves (Figures 2(a) and 2(b)). The EDAX
analysis reveals that the elements present before and after
adsorption are carbon, nitrogen, oxygen, calcium, and potas-
sium, as observed in Figures 2(a) and 2(b). It was found that
the amount of carbon and oxygen reduced after MB adsorp-
tion. The chemical composition (%) of carbon was 61.21%
before adsorption which slightly reduced to 60.46% after
adsorption while the chemical composition (%) of oxygen
composition decreased from 37.42% to 18.64% after adsorp-
tion. A sharp increase in nitrogen chemical composition (%)
from 1.48 to 19.76% indicates that MB has been successfully
absorbable on the material’s surface.

The FTIR analysis of NC biomass on loaded MB and
unloaded NC leaves is shown in Figure 3. The peak at
3383.39cm™ and 3356.50 cm™ indicates the presence of free
~OH groups [21]. The peak near 2920 cm™ ascertain to -CH
stretching. The peaks near 1623 and 1735cm™ correspond

to -NH, deformation and the -C=O group, respectively
[22]. The peaks at 1460cm™* and 1160 cm™" correspond to C-
CH, deformation and C-N stretching. The common admix-
tures such as quartz with characteristic absorption bands at
642-646cm ', 782cm ™', and 797-801cm ™' and amorphous
silica at 892.85cm ™" are also clearly indicative [23].

3.2. Water Sampling Parameters. During February and
March 2019, a monthly water sampling was performed.
The samples were collected from three locations, i.e., Kat-
ghar, Chachar, and Kareli sewage belts of Yamuna River,
Allahabad, and satellite locations are shown in Figures 4(a)
and 4(b). The water samples were collected from the point
source and 50m upstream and downstream. The analysis
of wastewater samples from different locations after treat-
ment with the adsorbent (NC leaves) is reported in
Tables 1 and 2, and the % decrease in water quality param-
eters can be seen in Table 3 and is shown in Figure 5.
According to WHO, the WHO permissible limit of pH for
marine organisms is around 6.5-9.0 and for drinking and
irrigation purposes is 6.5 to 8.4 (WHO, 2008). Based on
the results, all sewage belts have pH levels of around 9-10,
which shows that the water is alkaline and not harmful,
but not recommended for drinking. For sampling area 1,
TDS levels are in the range of 304-350 mg/L, which indicates
good water quality as they fall within the permissible limit
for drinking. According to the data, as the temperature
increases, the TDS level also increases in the range of 450-
460 mg/L, which is above 300 mg/L, showing deposition of
dissolved salts from agricultural and industrial drains. Due
to the correlation between conductivity and TDS, the TDS
level increases with an increase in water temperature.

The degree of hardness is a popular way to classify hard-
ness as soft water in the range of 75 mg/L, moderate water as
75 mg/L to 150 mg/L, hard water in the range of 150-300 mg/
L, and very hard water above 300 mg/L according to BIS,
WHO. The water samples for all three locations show that
water is hard as hardness lies in the range of 150-300 mg/L
due to the presence of calcium and magnesium salts of car-
bonates, bicarbonates, sulfates, and chlorides [1, 2]. The
BOD values for sample locations in sampling areas are in
the gamut of 1-20mg/L within the permissible limit of
CPCB (central pollution control board) which is less than
30 mg/L. In the sampling areas, COD values within the range
of 20-300 mg/L were within the permissible range of 250 mg/
L for CPCB. In one sample, COD exceeded the permissible
limit, perhaps due to dissolved organics. According to
Table 1, the BOD/COD ratio serves as an indicator of river
pollution; it reflects organic pollutants’ biodegradability.
For Katghar and Chachar, the BOD/COD ratios are around
0.2, indicating biodegradability, while for Kareli stream, the
ratio is below 0.05, indicating toxicity.

The wastewater samples collected from three belts of
Yamuna River were treated with NC leaves. The results are
reported in Table 3 and Figure 5. The results show a decrease
in water quality parameters like COD, hardness, TDS, and
electrical conductivity after treatment with the adsorbent.
The decrease in concentration levels of all four cases was
reported after treatment with adsorbent. The absorbent
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FIGURE 1: SEM image of Neolamarckia cadamba: (a) unloaded; (b) loaded with methylene blue.
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FIGURE 2: EDAX analysis of Neolamarckia cadamba: (a) unloaded; (b) loaded with methylene blue.

shows a good decrease in the values of TDS and hardness for
all the sampling locations. This is due to the high adsorption
capacity of NC leaves and porosity [24]. Hence, the adsor-
bent can be used for the treatment of the quality of the river
water due to its good absorptive property.

3.3. Contact Time and Kinetic Study. The effect of contact
time on MB adsorption was measured in the range of 5 to 180
minutes and at 30°C. The adsorption was rapid at first, but soon
slowed. Initially, the adsorption was fast in the beginning due to
the sorption of dyes on the unfilled area, and a slowdown in
adsorption occurred later when the sites were occupied. In
120 minutes, the equilibrium was reached, and after that, the
adsorption of MB declined as shown in Figure 6(a). It is because
dye molecules tend to aggregate, making them difficult to
adsorb. The same result was noted by El-sayed, for the adsorp-
tion of MB onto palm kernel fiber [25].

To predict the kinetics of MB onto NC leaves, various
kinetic models were used such as pseudo-first-order,
pseudo-second-order, intraparticle diffusion, and Elovich
equation.

A linear pseudo-first-order equation is given as

kit
2.303°

log (9, - q,) =log q, (3)

where g, is adsorption capacity at equilibrium for dye solu-
tion (mgg') and g, (mgg') is dye solution’s adsorption
capacity at time t for k, is the rate constant (min"). The
result of log (q,-q,) vs. t plot is reported in Table 4. As the
experimental g, value does not match the calculated g, value,
and the R* value is also low, the MB adsorption cannot
follow pseudo-first-order kinetics.
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FIGURE 3: FTIR spectra of (a) unloaded Neolamarckia cadamba; (b) loaded with methylene blue of Neolamarckia cadamba leaves.

FIGURE 4: (a, b) Location of water sampling.

The linear pseudo-second-order equation is given as

t 1, ot
— =79, +—. (4)
QI k2 Qe

q, is the adsorption capacity of dye solution at equilib-
rium (mg/g), g, is the adsorption capacity at time t for dye
solution (mg/g), and k, is the constant for 2nd order (g/
mg/min). A plot of t/q, vs. t was plotted as shown in
Figure 6(b) and reported in Table 4. According to the data,
the g, experimental value matches the g, calculated value,

and the R? value is also higher, so the adsorption of MB onto
NC was followed by pseudo-second-order kinetics.

The adsorption process can also be determined using the
diffusion model based on pore diffusion. The intraparticle
diffusion model is given as

q,=Kigt"” +C, (5)
where g, is the adsorption capacity of dye solution at time ¢

(mg/g) and K4 is the intraparticle diffusion constant. The
values of Ky, C,and R* values are calculated from the plot
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TaBLE 3: Adsorption effect of Neolamarckia cadamba leaves on water quality parameters of three locations of Yamuna River.

Parameters Before adsorption

After adsorption

1* sampling Katghar ~ Chachar  Kareli ~ Katghar ~ % decrease =~ Chachar % decrease ~ Kareli ~ % decrease
TDS (mg/L) 332 319 332 264 20.48 289 9.40 242 27.10
Conductivity 0.976 0.988 1.038 0.762 21.9 0.862 12.75 0.838 19.26
Hardness (mg/L) 250 200 200 35 86 25 87.5 25 87.5
COD (mg/L) 144 36 60 50 65.2 15 58.3 20 66.6
2" sampling Katghar Chachar Kareli Katghar % decrease Chachar % decrease Kareli % decrease
TDS (mg/L) 463 455 463 397 14.25 382 16.04 397 8.65
Conductivity 1.356 1.324 1.304 1.192 12.09 1.15 13.11 1.20 7.97
Hardness (mg/L) 225 160 230 30 86.6 25 84.3 25 89.1
COD (mg/L) 120 124 122 80 333 60 51.6 65 46.7

500

450

Concentration (mg/L)

Chachar

Katghar

Kareli | Katghar | Chachar | Kareli

Before adsorption After adsorption

Water sampling areas

H TDS

Hardness
B COD

(a)

Concentration (mg/L)
[3e]
w
(=)

Katghar | Chachar

Kareli |Katghar |Chachar | Kareli

Before adsorption After adsorption

Water sampling areas

B TDS

Hardness
B COD

(b)

FIGURE 5: Graphical representation of the analysis conducted for various water quality parameters at different locations collected at (a)

sampling area 1; (b) sampling area 2.

of g, vs. t'/* and reported in Table 4. It is found that the
intraparticle diffusion model is the only rate-determining
step. The intercept value is indicative of the boundary-layer
thickness. The thickness of the border layer can be directly
correlated with the intercept value [4].

The Elovich equation:

g, =A+BInT. (6)
A and B are Elovich constants. The Elovich equation is
used to describe the process of chemisorptions.

3.4. Effect of pH. Among numerous parameters for the
adsorption of pollutants by utilization of waste materials,
pH is the most critical. It was decided to study the adsorp-
tion process at pH 5 because from the results it was observed
that the amount of MB adsorbed increases from 2 to 5 values
of pH but decreases after pH value 5 (Figure 7). Due to a

lower pH (<2), H" ion in the solution will further disrupt
the bonding between the adsorbent and the MB dye, since
more carboxyl and siloxane groups in the adsorbent will
bind the H" and become positively charged. At higher
pHs, the dye was unable to capture OH" in the solution, so
there was free OH™ in the solution. The carboxyl group in
the adsorbent was a partially positive active group, which
means that when the color base is added, it tends to be par-
tially negative in nature. As a result, dye and free OH" ion
competed for the surface of the adsorbent, resulting in a
decrease in dye adsorption. The solution pH changes with
the interaction between MB and NC leaves during the
adsorption process since the charges are dependent on the
pH in the aqueous phase.

3.5. Adsorption Isotherm. To observe the adsorption behav-
ior of NC leaves onto MB, there are a variety of isotherm
models such as Langmuir, Freundlich, Temkin, and D-R.
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FIGURE 6: (a) Effect of contact time; (b) pseudo-first-order kinetics; (c) pseudo-second-order kinetics; (d) intraparticle diffusion model for
the adsorption of methylene blue onto Neolamarckia cadamba.

TaBLE 4: Kinetic parameters for the removal of methylene blue on

Neolamarckia cadamba leaves. 14
Kinetic model Parameters Values 12 1
e(cary (MGG 1.169 10
11.167
Pseudo-first-order qe(exl’)(mg§ ) > 8-
k, (min™) 0.0283 E,;
R? 0.9765 <~ 6
o
Ge(caty (M) 11.21 4 -
-1
11.167
Pseudo-second-order Te(exp) (r:lgg )1 2
k, (gmg min™) 1
R? 0.0859 0 ' . ' .
0 2 4 6 10 12
Kig 0.03 pH
Intraparticle diffusion model C 10.094 Ficure 7: Effect of pH for the adsorption of MB ions onto
R? 0.8605 Neolamarckia cadamba leaves.
A 9.48
Elovich model B 0.3414
R? 0.9748
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FIGURE 8: (a) Freundlich isotherm plot; (b) Langmuir isotherm plot for the adsorption of methylene blue onto Neolamarckia cadamba
leaves; (c) Temkin isotherm plot for the adsorption of methylene blue onto Neolamarckia cadamba leaves.

The Langmuir model suggests that dynamic monolayer for-
mation, i.e., molecules absorb and are desorbed under the
same equilibrium conditions, occurred on the homogenous
surfaces (all binding sites having the same energy). The non-
linear equation of Langmuir isotherm is given as

bC,
1= 1+bC,”’

— Imax

(7)

where g, is the equilibrium adsorption capacity at vari-
ous concentrations (mg/g), g, is dye solution monolayer
adsorption capacity (mg/g), C, is the adsorbate concentra-
tion (mg/L), and b is the Langmuir constant (L/mg). A plot
of 1/q, vs. 1/C, is plotted as shown in Figure 8(b), and values
are given in Table 5.

The Freundlich isotherm model considers surface het-
erogeneity and multilayer adsorption. The nonlinear form
of its equation is given as

q,=KxC.", (8)

where g, is the adsorption capacity at equilibrium (mg/g)
and 7 and K are Freundlich constants. A plot of log g, vs.

TaBLE 5: Adsorption isotherm for the removal of methylene blue
on Neolamarckia cadamba leaves.

Isotherm Parameters Values
. 101.4
. b 0.2001
Langmuir )
R 0.903
Chi-sqr 5.37
n 1.14
Ky 16.57
Freundlich
R? 0.8862
Chi-sqr 6.33
B, 14.355
Ky 0.6634
Temkin 5
R 0.9925
Chi-sqr 0.373
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FiGUure 9: Thermodynamic plot of Neolamarckia cadamba for the adsorption of methylene blue.
TaBLE 6: Thermodynamic parameters for the removal of methylene blue on Neolamarckia cadamba leaves.
Temperature (K) K. AG® (K Mol™ K™) AH® (k] Mol K™) AS° (k] Mol™) R?
293 7.7504 -4.9882 -18.5782 -0.0469 0.8704
303 4.8336 -3.9689
313 3.7728 -3.4553
TaBLE 7: Comparative study of adsorption capacity (q,,,,) of Neolamarckia cadamba with other adsorbents.
Adsorbent Gmax (ME/Q) References
Lathyrus sativus husk 98.33 [4]
Magnetic mesoporous silica (SBA-15-HESI-Fe;0,) 172.3 [16]
Activated carbon of lemon peels 38 [17]
Gnetum gnemon shell waste 35.58 [28]
Luffa acutangula carbon 10.32 [29]
Goethite 75.80 [30]
Salix babylonica 42.74 [31]
Salix alba L 35.46 [31]
H,PO,-treated eucalyptus leaves (PEUL) 194.34 [32]
Neolamarckia cadamba leaves 101.4 This study

log C, is plotted as shown in Figure 8(b), and values are
tabulated in Table 5.

The Temkin isotherm model is used to investigate the
absorbent’s adsorption potential on adsorbate. The nonlin-
ear equation of Temkin is given as

= I ALC, ©)

According to the data fitted, the adsorption of MB onto
NC leaves was best fitted by the Langmuir isotherm model
confirming the formation of a monolayer during the adsorp-
tion process. As Langmuir has a higher regression coeflicient
(R?), this suggests the Langmuir isotherm is the best choice
for fitting the data. The maximum adsorption capacity

(4py) came out to be 101.4mgg " which was higher than
several other adsorbents (Table 5).

The fact that the Langmuir isotherm model fitted well
for the adsorption of MB onto NC leaves attributes to the
distribution of the active site on the adsorbent surface
making it analogous [26].

3.6. Thermodynamic Study. In between the range of 293 and
313 Kelvin temperature, thermodynamic studies were con-
ducted and the following equations were used to calculate
the parameters such as enthalpy change (AH®), entropy
change (AS°), and Gibbs free energy change (AG®):

AG =-RTInK,, (10)

log K, = AS’/2.303R — AH*/2.303RT,where the equilibrium
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constant is denoted by the abbreviation (K_), solid-phase
concentration is denoted by C; at equilibrium (mg/L), and
C, is the equilibrium concentration of the solution (mg/L).
From the plot of log K, vs. 1/T, H* and AS’ are computed
as shown in Figure 9 and presented in Table 6.

The data reported in Table 6 show that AG® values are
negative and decrease with increasing temperature. Also,
the values of AH® and AS® are negative, which confirms the
exothermic reaction and randomness at the solution inter-
face during the adsorption of MB ions, as reported by
Guiza [27].

3.7. Comparative, Disposal, and Feasibility of the Adsorbent.
The adsorbent-feasibility check can be done by comparing
monolayer adsorption capacity (NC) with the capacities of
the other adsorbent for the removal of MB as reported in
Table 7.

An acceptable disposal method might be biochar derived
from dye-loaded adsorbents. Biochar prepared from dye-
loaded adsorbents is useful for avoiding secondary pollution
effects caused by MB-loaded adsorbents, for reducing
depleted adsorbents, and for purifying dye. A suitable
disposal method for contaminated adsorbents may be this
method. In recent years, biochar technologies prepared from
depleted adsorbents have been proposed and successfully
used to remove dye from wastewater.

4. Conclusion

In this study, we have examined the sustainable use of waste
biomass to treat industrial wastewater. According to the
results, NC leaves are good adsorbents for removing MB
and reducing TDS, conductivity, hardness, and COD in sew-
age belts in the Yamuna River like Kachar, Chachar, and
Kareli in Allahabad, U.P., India. As a result of the treatment
with NC leaves, the water quality of the sewage belts was
purified. The maximum removal was obtained at pH5 and
120-minute equilibrium time. The adsorbent followed a
pseudo-second-order kinetic model with a regression coeffi-
cient of 0.999. The adsorbent was best fitted by Langmuir
isotherm with a monolayer adsorption capacity of 101 mg/
g at 50 ppm of MB concentration. The thermodynamic data
revealed the reaction to be exothermic. An increase in
temperature is directly proportionate with a decrease in
spontaneity and decreased randomness at adsorbent-
adsorbate interaction. As a result of the acquired results, it
appears that biomass has a high capability to adsorb dye
molecules from wastewater, which makes it a promising
adsorbent for decolorization process.
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