
Research Article
Isothermic and Kinetic Study on Removal of Methylene Blue Dye
Using Anisomeles malabarica Silver Nanoparticles: An Efficient
Adsorbent to Purify Dye-Contaminated Wastewater

M. Prabhahar ,1 K. Gomathi ,2 R. Venkatesh,3 V. Mago Stalany,4 D. S. Vijayan ,5

Larissa R. Sassykova ,6 S. Sendilvelan ,7 V. Shanmuga Priya,2 G. O. Jijina,8

and Rabin Selvaraj 9

1Department of Mechanical Engineering, Aarupadai Veedu Institute of Technology, Vinayaka Mission’s Research Foundation,
Deemed to Be University, Chennai, Tamilnadu, India
2Department of Biotechnology, Dr.M.G.R. Educational and Research Institute, Chennai, India
3Department of Mechanical Engineering, Vinayaka Missions Kirupananda Variyar Engineering College, Vinayaka Mission’s
Research Foundation, Deemed to Be University, Chennai, Tamilnadu, India
4Department of Fire Technology and Safety Engineering, Noorul Islam Centre for Higher Education, Thuckalay, Tamilnadu, India
5Department of Civil Engineering, Aarupadai Veedu Institute of Technology, Vinayaka Mission’s Research Foundation, Deemed to
Be University, Chennai, Tamilnadu, India
6Al-Farabi Kazakh National University, 71, Al-Farabi Ave., Almaty 050040, Kazakhstan
7Department of Mechanical Engineering, Dr.M.G.R. Educational and Research Institute, Chennai, India
8Department of Biomedical Engineering, Aarupadai Veedu Institute of Technology, Vinayaka Mission’s Research Foundation,
Deemed to Be University, Chennai, Tamilnadu, India
9Department of Hydraulic and Water Resource Engineering, Institute of Technology, Jigjiga University, P.O. Box 1020, Ethiopia

Correspondence should be addressed to Rabin Selvaraj; rabinselvaraj@jju.edu.et

Received 9 July 2022; Revised 9 August 2022; Accepted 13 August 2022; Published 28 August 2022

Academic Editor: Ibrahim H. Alsohaimi

Copyright © 2022 M. Prabhahar et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Remediation of industrial discharged dyes to the water bodies is much needed in the current scenario. Here in this, we prepared
silver nanoparticles using Anisomeles malabarica. The synthesized nanoparticles were characterized by Fourier transform infrared
study, scanning electron microscopy, dynamic scanning calorimetry, and thermogravimetric analysis. All the characterization
studies suggested that the formation of silver nanoparticles was successful. The synthesized silver nanoparticles were used as an
adsorbent to adsorb the methylene blue. To achieve this, optimum pH of the adsorbent to adsorb the dye was studied, and it
was found to be pH7. The adsorbent dose to adsorb the dye was found to be 0.1 g/L. From the isotherm theoretical studies, it
was found that the adsorption isotherm follows Langmuir adsorption, and the qmax was found to be 97.08. From the kinetic
study, the rate of the reaction follows the pseudosecond-order kinetics with regression > 0:9. From the study, it was inferred
the nanoparticles synthesized can act as a good adsorbent and can be used to purify the wastewater contaminated with
methylene blue.

1. Introduction

Discharge of industrial unremediated waste is the biggest
threat to the environment [1]. Pollutants from industrial
waste affect the biotic and abiotic components of the envi-
ronment [2]. Among the discharges of wastes by industries,

dyes hold a prominent position [3]. As dyes are widely used
in various industries like textile, leather, paper, and plastic
[4–6], dyes are not just static pollutant chemical structure
invades various processes and affects the environment [7].

Discarded industrial waste to the water bodies affects the
various life processes in the water bodies as dyes prevent the
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entry of sunlight and minimize photosynthesis [8]. Dyes are
highly carcinogenic [9]. Humans adhere to the contaminant
environment have a fair chance to get varied metabolic dis-
orders such as cancer [10], degenerative diseases, and delete-
rious inflammatory problems [11].

Convert coloured dyes into the colourless product, and
discharging to the environment is also equally worse than its
coloured product [11]. The best solution for remediation of
dyes would be adsorbing the dye molecule by adsorbing agent
and reusing and recycling it [12]. Thisminimizes the evolution
of dye pollutants and also does not affect industries [12].

Varied adsorbing techniques are being emerged in the
scientific community. Still, lacunae are observed in the field
remediation of dyes [13–15], incomplete adsorption, usage
of a large quantity of adsorbing material, cost of the adsorb-
ing, etc. [15]. Nanoparticles used currently degrade the dyes
by photocatalytic mechanism [16].

Here in this study, silver nanoparticles are prepared using
Anisomeles malabarica as an adsorbing agent. Anisomeles
malabarica is a shrub grown all over Tamilnadu which has
the potency to adsorb solid particulates in the air and the envi-
ronment. The novelty in this study is to produce a sustainable
recycled adsorbable material that has high potency to adsorb
the dyes at a low cost. The adsorbing ability of Anisomeles
malabarica silver nanoparticles (AM-Ag-Np) was evaluated
by a kinetic study using various isothermic adsorption kinetics
such as Langmuir, Freundlich, and Temkin. The nanoparticles
were characterized by scanning electron microscopy (SEM),
Fourier transmission infrared (FTIR), dynamic light scatter-
ing, and thermogravimetric analysis.

2. Materials and Method

Chemicals were bought from SD chemicals, India. The che-
micals were used in the used of analytical grade.
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Figure 1: GCMS analysis of Anisomeles malabarica extract.

Figure 2: SEM analysis of AM-Ag-Np.
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Figure 3: FTIR analysis of AM-Ag-Np.
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2.1. Methods

2.1.1. Preparation of Anisomeles malabarica Ethanol and
Aqueous Extract. 250 g of Anisomeles malabarica leaves
was washed properly in the tap water to remove the specks
of dirt and other soil particles which were adsorbed by the
leaves. 250 g of leaves was added to the 500ml of boiling water.
The solution was boiled for 20 minutes. After 20 minutes, it
was cooled completely and filtered. The filtered solution was
stored and used for the preparation of Ag-NP [17].

2.1.2. GCMS Analysis. GCMS technique was generally used
to identify the phytocomponents present in the extract.
GCMS analysis of the Anisomeles malabarica leaf was per-
formed using the GC Shimadzu Qp 2020 system software
adopted to handle mass spectra [18].

2.1.3. Preparation of Anisomeles malabarica Silver
Nanoparticles (AM-Ag-Np). An aqueous solution of 1mM sil-
ver nitrate was prepared. 260ml of silver nitrate solution
(1mM) was mixed with 40ml of Anisomeles malabarica aque-
ous extract, and the solution was stirred in the dark chamber.
The formation of AM-Ag-Np was observed by the colour
change from a pale colour to dark brown colour [19].

2.1.4. Scanning Electron Microscopy. The surface morphol-
ogy and size of the AM-Ag-Np were measured by SEM anal-
ysis. According to the protocol given in the reference, the
sample was prepared and analysed using (Zeiss EVO 40)
scanning electron microscope [20].

2.1.5. FTIR Analysis. FTIR analysis was carried out to check
functional groups in the nanoparticles. The AM-Ag-Np was
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Figure 6: Effect of pH in adsorption of methylene blue.
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characterized using FTIR (Perkin Elmer). All spectra were
recorded in the range 300-4000 cm-1 [21].

2.1.6. DSC Analysis. Thermograms of SA-Ag-NP were
obtained using a Shimadzu DSC-50. The AM-Ag-Np was
heated from 20 to 350 C at a constant heating rate of 10 c/
min under the nitrogen environment [22].

2.1.7. TGA Analysis. Thermogravimetric analysis (TGA) was
carried out for AM-Ag-Np. The AM-Ag-Np was placed in
alumina crucibles heated at varying temperatures in a nitro-
gen environment [22].

2.1.8. Adsorption Test. Methylene blue stock concentration
was prepared by dissolving 1000mg of dye in one litre of dis-
tilled water. For adsorption batch experiments, the solutions
were prepared by diluting the stock solutions to the desired
concentrations. To find the optimum pH, experiments were

conducted by varying the pH (3-11). The optimum adsor-
bent dose was decided by doing an adsorption study at a
particular pH with a fixed dye concentration and varying
the adsorbent (0.5-1.5 g/L). The varying concentration of
methylene from 10 to 500mg/L was used for kinetic study,
and the adsorption time was in the range of 5-60min. The
kinetic study was done to detect the reaction time to achieve
equilibrium. To determine the adsorption equilibrium, the
methylene blue (Ci) was varied from 50 to 100mg/ml with
a fixed adsorbent dose. After equilibrium, the solution was
centrifuged and the supernatant was analysed using UV vis-
ible spectroscopy. The adsorption capacity (qe) and the effi-
ciency of the dye removal by the adsorbent at the
equilibrium were using the following equation:

qe =
Ci − Ceð Þ
W

: ð1Þ

Percentage of removal efficiency was determined by the
following equation:

qe =
Ci − Ceð Þ
Ci

× 100: ð2Þ

qe is the adsorption capacity expressed in mg/g. Ci and
Ce represent the initial and equilibrium concentrations
(mg/L) of the adsorbate.

Adsorption isotherms (Langmuir, Freundlich, and Tem-
kin) were applied to reveal the equilibrium adsorption kinet-
ics. equation (3) represents Langmuir’s isotherm.

qe =
qmaxKLCe

1 + KLCe
: ð3Þ

The linear form of the above equation was represented as

1
qe

= 1
KL qmax

+ 1
Ce

+ 1
qmax

: ð4Þ

qmax is the maximum adsorption capacity (mg/g). KL (L/
mg) is the Langmuir isotherm constant.

The separation factor was represented by the following
equation:

RL =
1

1 + Ci RLð Þ : ð5Þ

The RL is the constant indicating the adsorption possibil-
ity which may be favorable or unfavourable.

Freundlich isotherm is represented by

qe = K f Ce
1/n: ð6Þ

The linear form of Freundlich isotherm is represented as
follows:

Logqe = LogKf +
1

n LogCe
: ð7Þ
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Figure 7: Effect of adsorbent dose in adsorption of methylene blue.
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Figure 9: Freundlich isotherm plots for adsorption of methylene blue.
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2.1.9. Kinetic Study. Adsorption reaction of methylene blue
was analysed for the rate order; it follows whether it follows
pseudofirst-order or pseudosecond-order kinetics.

Ln qe − qtð Þ = 1nqe − K1t: ð8Þ

Equation (8) represents pseudofirst order.
qt represents adsorption capacity.

t
qe

= 1
k2q2eð Þ + 1

qe
: ð9Þ

In equation (9), K2 represents equilibrium rate
constants.

3. Results and Discussion

3.1. Characterization of Nanoparticles. From GCMS analysis,
it was inferred that Anisomeles malabarica has more active
components such as phenolic and flavonoids compounds
as shown in Figure 1. These components help in the forma-
tion of silver nanoparticles [23].

3.2. SEM Analysis. The morphological characterization of
AM-Ag-Np was done through SEM analysis as shown in
Figure 2. From the results, it was observed that synthesized
nanoparticles showed a crystalline-like structure [24].

3.3. FTIR Analysis. The spectrum of FTIR peaks in the
range such as 3736 cm-1, 3710 cm-1, 3544 cm-1, 2970 cm-1,
2859 cm-1, 2163 cm-1, 1773 cm-1, 1677 cm-1, 1687 cm-1,
1696 cm-1, and 1535 cm-1 was observed as shown in
Figure 3. From the peaks, it was deduced that there is a
distortion of phenolic-OH groups. This distortion may be
due to the involvement of phenolic compounds in the
extract in the reduction of silver irons while the formation
of nanoparticles. This clearly states the interaction of plant
extract in silver nanoparticle formation [25].

3.4. Dynamic Scanning Calorimetry (DSC) and
Thermogravimetric Analysis of AM-Ag-Np. From the results,
it was inferred that the thermal properties of synthesized
nanoparticles were changed as the Anisomeles malabarica
formed a protective layer over silver nanoparticles as shown
in Figures 4 and 5 [22].

3.5. Effect of pH in Adsorption of Methylene Blue. The find-
ing of optimum pH in the adsorption of methylene blue is
important as the pH plays an important role as the increase
or decrease of pH modifies the charge of the dye of nanopar-
ticles. The modification of charges leads to favourable turns
or unfavourable results [26]. To get proper adsorption find-
ing, the optimum pH is mandatory. pH in the range of 3-11
was used to find the optimum pH. It was observed that pH7
was found to be the optimum pH for the adsorption of
methylene blue as shown in Figure 6.

3.6. Adsorbent Dose Fixation. A varied adsorbent dose was
taken in the range of 0.5-1.5 g/L. From the results, it was
inferred that a steady increase in adsorption of methylene
blue was observed when the adsorbent increased from 0.5
to 0.1 g/L. Further increasing the mass of the adsorbent does
not alter the adsorption. From the graph, it was observed
that the optimum adsorbent dose of nanoparticles was found
to be 0.1 g/L as shown in Figure 7.

3.7. Isothermal Studies to Determine the Adsorption. A deep
understanding of the adsorption isothermal study is impor-
tant as it specifies appreciated information on the equilib-
rium concentration of the adsorption, adsorbent surface
abilities, and binding capacity. This information in turn pro-
vides an acceptable understanding of the capability of adsor-
bent in the adsorption of the dye [27].
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Figure 10: Temkin isotherm plot for adsorption of methylene blue.

Table 1: Isotherm and the values of their parameters.

Type of isotherm Parameters Value

Langmuir

qmax (mg/g) 97.08738

KL 0.057597

RL 6.75966

R2 0.97942

Freundlich

Kf 7.974804

1/n 0.55867

R2 0.95804

Temkin

BT 29.80148

KT 0.4129

R2 0.93304
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To have deep insights, three isothermal theoretical
models were studied, namely, Langmuir (Figure 8), Freun-
dlich (Figure 9), and Temkin (Figure 10) [28, 29]. From
the isothermal adsorption results out, of three theoretical
models, Langmuir isotherm was found to be the best theo-
retical model for this particular dye adsorption studies as
the linear coefficient R2 was found to be >0.98. Other theo-
retical model shows less R2 when compared to the Langmuir
isotherm. The qmax was found to be 97.08mg/g as shown in
Table 1.

3.8. Kinetic Study. The kinetic study is the most important
prominent parameter to envisage the potency of the adsor-
bent [30, 31]. From the kinetic study, it was inferred that
there is a gradual increase in the reaction rate; this is due
to the vacancy of the active sites on the adsorbent that the
reaction rate increases. When time increases after some time,
the reaction becomes stationary. On analysing the kinetic
parameters, it was inferred reaction rate order was found
to be pseudosecond-order kinetics. R2 was found to be
0.99934 as shown in Figure 11.

Though a lot of adsorption techniques are followed to
adsorb the dye, still lacunae is inevitable. Here in this study,
nanoparticle was prepared to have more surface area and to
have efficient adsorption. Also, the Anisomeles malabarica is
known for adsorbing pollutants in the environment. So Ani-
someles malabarica silver nanoparticles will be the solution
for the lacunae identified in the adsorption of dyes.

4. Conclusion

In the research work, Anisomeles malabarica silver nanopar-
ticles were synthesized and characterized by SEM, DSC, and
TGA. The optimum pH for the adsorption of methylene
blue was found to be pH7. From the SEM results, the size
of the particles was found to be 100nm. The optimum dose
of adsorbent was found to be 0.1 g/L. From the adsorption
isotherm theoretical study, it was found that adsorption of
methylene by nanoparticles follows the Langmuir isotherm.
From the kinetic study, it was inferred rate of the reaction
of dye adsorption follows pseudosecond-order. This study
suggests that nanoparticles effectively adsorb the methylene
blue.

Data Availability

There are no relevant data to be made available.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] P. Sharma, V. K. Gaur, S. Gupta et al., “Trends in mitigation of
industrial waste: global health hazards, environmental impli-
cations and waste derived economy for environmental sustain-
ability,” Science of The Total Environment, vol. 811, article
152357, 2022.

[2] W. Tang, B. Guo, Z. Li, X. Zhao, and G. Xueyuan, “Flooding
and drainage induced abiotic reactions control metal solubility
in soil of a contaminated industrial site,” Chemosphere,
vol. 297, article 134032, 2022.

[3] S. Ambika and V. Srilekha, “Eco-safe chemicothermal conver-
sion of industrial graphite waste to exfoliated graphene and
evaluation as engineered adsorbent to remove toxic textile
dyes,” Environmental Advances, vol. 4, article 100072, 2021.

[4] A. Yadav, R. V. Patel, P. K. Labhasetwar, and V. K. Shahi,
“Novel MIL101(Fe) impregnated poly(vinylidene fluoride-co-
hexafluoropropylene) mixed matrix membranes for dye
removal from textile industry wastewater,” Journal of Water
Process Engineering, vol. 43, article 102317, 2021.

[5] H. A. Hamad, S. E. AbdElhafez, M. M. Elsenety et al., “Fabrica-
tion and characterization of functionalized lignin-based adsor-
bent prepared from black liquor in the paper industry for
superior removal of toxic dye,” Fuel, vol. 323, article 124288,
2022.

[6] M. C. Kannaujiya, R. Kumar, T. Mandal, and M. K. Mondal,
“Experimental investigations of hazardous leather industry
dye (Acid Yellow 2GL) removal from simulated wastewater
using a promising integrated approach,” Process Safety and
Environmental Protection, vol. 155, pp. 444–454, 2021.

[7] S. Singh, K. T. Adeyemi, and S. Vernwal, “Adsorption-micro-
bial fermentation based multi-step approach to dye remedia-
tion for safe and environment compatible waste water
treatment,” Challenges, vol. 7, article 100459, 2022.

[8] R. Al-Tohamy, S. S. Ali, F. Li et al., “A critical review on the
treatment of dye-containing wastewater: ecotoxicological and
health concerns of textile dyes and possible remediation
approaches for environmental safety,” Ecotoxicology and Envi-
ronmental Safety, vol. 231, article 113160, 2022.

[9] J.-J. Liu, C. He, T. Liu, J. Liu, and S.-B. Xia, “Two photochro-
mic hybrid materials assembled from naphthalene diimide as
photocatalysts for the degradation of carcinogenic dye basic
red 9 under visible light,” Journal of Molecular Structure,
vol. 1243, article 130804, 2021.

[10] S. Chen, S. Li, K. Fang et al., “Rapid determination of 93
banned industrial dyes in beverage, fish, cookie using solid-
supported liquid–liquid extraction and ultrahigh-
performance liquid chromatography quadrupole orbitrap
high-resolution mass spectrometry,” Food Chemistry,
vol. 388, article 132976, 2022.

[11] M. Köktürk, F. Altindağ, G. Ozhan, M. H. Çalimli, and M. S.
Nas, “Textile dyes Maxilon blue 5G and Reactive blue 203
induce acute toxicity and DNA damage during embryonic
development of Danio rerio,” Comparative Biochemistry and

70
60
50
40
30
20
10

−10
0

0 10 20 30 40 50 60
t

q t
 (m

g/
g)

qe

K2

R2

68.39945

0.028169

0.99934

Figure 11: Pseudosecond-order kinetic plot of adsorption of
methylene blue.

6 Adsorption Science & Technology



Physiology Part C: Toxicology & Pharmacology, vol. 242, article
108947, 2021.

[12] N. Dobe, D. Abia, C. Tcheka, J. P. N. Tejeogue, and
M. Harouna, “Removal of amaranth dye by modified Ngassa
Clay: linear and non-linear equilibrium, Kinetics and Statisti-
cal Study,” Chemical Physics Letters, vol. 801, p. 139707, 2022.

[13] D. Pathania, V. S. Bhat, J. Mannekote Shivanna, G. Sriram,
M. Kurkuri, and G. Hegde, “Garlic peel based mesoporous car-
bon nanospheres for an effective removal of malachite green
dye from aqueous solutions: detailed isotherms and kinetics,”
Spectrochimica Acta Part A: Molecular and Biomolecular Spec-
troscopy, vol. 276, article 121197, 2022.

[14] T. Hien Tran, A. H. Le, T. H. Pham et al., “A sustainable, low-
cost carbonaceous hydrochar adsorbent for methylene blue
adsorption derived from corncobs,” Environmental Research,
vol. 212, article 113178, Part B, 2022.

[15] M. Shakly, L. Saad, M. K. Seliem, A. Bonilla-Petriciolet, and
N. Shehata, “New insights into the selective adsorption mech-
anism of cationic and anionic dyes using MIL-101 (Fe) metal-
organic framework: modeling and interpretation of physico-
chemical parameters,” Journal of Contaminant Hydrology,
vol. 247, article 103977, 2022.

[16] P. K. Ngoc, T. K. Mac, H. T. Nguyen et al., “Superior organic
dye removal by CoCr2O4 nanoparticles: adsorption kinetics
and isotherm,” Journal of Science: Advanced Materials and
Devices, vol. 7, no. 2, article 100438, 2022.

[17] S. Singla, A. Jana, R. Thakur, C. Kumari, S. Goyal, and
J. Pradhan, “Green synthesis of silver nanoparticles using
Oxalis griffithii extract and assessing their antimicrobial activ-
ity,” Open Nano, vol. 7, article 100047, 2022.

[18] A. Sadiqa, S. R. Gilani, A. Anwar, A. Mehboob, A. Saleem, and
S. Rubab, “Biogenic Fabrication, Characterization and Drug
Loaded Antimicrobial Assay of Silver Nanoparticles Using
Centratherum anthalminticum (L.) Kuntze,” Journal of Phar-
maceutical Sciences, vol. 110, no. 5, pp. 1969–1978, 2021.

[19] S. Kanimozhi, R. Durga, M. Sabithasree et al., “Biogenic syn-
thesis of silver nanoparticle using Cissus quadrangularis
extract and its invitro study,” Journal of King Saud Univer-
sity-Science, vol. 34, no. 4, article 101930, 2022.

[20] F. A. Alahdal, M. T. Qashqoosh, Y. K. Manea, M. A. Salem,
R. H. Khan, and S. Naqvi, “Ultrafast fluorescent detection of
hexavalent chromium ions, catalytic efficacy and antioxidant
activity of green synthesized silver nanoparticles using leaf
extract of _P. austroarabica_,” Environmental Nanotechnology,
Monitoring & Management, vol. 17, article 100665, 2022.

[21] V. Demchenko, S. Kobylinskyi, M. Iurzhenko et al., “Nano-
composites based on polylactide and silver nanoparticles and
their antimicrobial and antiviral applications,” Reactive and
Functional Polymers, vol. 170, article 105096, 2022.

[22] S. Vallinayagam, K. Rajendran, and V. Sekar, “Green synthesis
and characterization of silver nanoparticles using Naringi
crenulate leaf extract: key challenges for anticancer activities,”
Journal of Molecular Structure, vol. 1243, article 130829, 2021.

[23] K. P. Anjali, R. Raghunathan, G. Devi, and S. Dutta, “Photocat-
alytic degradation of methyl red using seaweed mediated zinc
oxide nanoparticles,” Biotechnology, vol. 43, article 102384,
2022.

[24] J. S. Tazikeh and S. Amin, “Zendehboudi Experimental study
of asphaltene precipitation and metastable zone in the pres-
ence of polythiophene-coated Fe3O4 nanoparticles,” Journal
of Molecular Liquids, vol. 301, article 112254, 2019.

[25] J. Zeng, P. Qi, J. Shi et al., “Chitosan functionalized iron nano-
sheet for enhanced removal of As(III) and Sb(III): Synergistic
effect and mechanism,” Chemical Engineering Journal,
vol. 382, article 122999, 2020.

[26] J. Wang, W. Xu, L. Chen, X. Huang, and J. Liu, “Liu Prepara-
tion and evaluation of magnetic nanoparticles impregnated
chitosan beads for arsenic removal from water,” Chemical
Engineering Journal, vol. 251, pp. 25–34, 2014.

[27] P. V. Sierra, T. Eric, G. José, and F. L. Hernández, “Arsenic
sorption on chitosan-based sorbents: comparison of the effect
of molybdate and tungstate loading on As (V) sorption prop-
erties,” Journal of Polymers and the Environment, vol. 28,
no. 3, pp. 934–947, 2020.

[28] F. Silva, L. Nascimento, M. Brito, K. da Silva, W. Paschoal Jr.,
and R. Fujiyama, “Biosorption of methylene blue dye using
natural biosorbents made from weeds,” Materials, vol. 12,
no. 15, p. 2486, 2019.

[29] S. Pal, S. Ghorai, C. Das, S. Samrat, A. Ghosh, and A. B. Panda,
“Carboxymethyl tamarind-g-poly(acrylamide)/silica: a high
performance hybrid nanocomposite for adsorption of methy-
lene blue dye,” Industrial and Engineering Chemistry Research,
vol. 51, no. 48, pp. 15546–15556, 2012.

[30] A. Ullah, M. Zahoor, W. U. Din et al., “Removal of methylene
blue from aqueous solution using black tea wastes: used as effi-
cient adsorbent,” Adsorption Science & Technology, vol. 2022,
article 5713077, 9 pages, 2022.

[31] Y. Li, X. Zhang, R. Yang, G. Li, and C. Hu, “Removal of dyes
from aqueous solutions using activated carbon prepared from
rice husk residue,” Water Science and Technology, vol. 73,
no. 5, pp. 1122–1128, 2016.

7Adsorption Science & Technology


	Isothermic and Kinetic Study on Removal of Methylene Blue Dye Using Anisomeles malabarica Silver Nanoparticles: An Efficient Adsorbent to Purify Dye-Contaminated Wastewater
	1. Introduction
	2. Materials and Method
	2.1. Methods
	2.1.1. Preparation of Anisomeles malabarica Ethanol and Aqueous Extract
	2.1.2. GCMS Analysis
	2.1.3. Preparation of Anisomeles malabarica Silver Nanoparticles (AM-Ag-Np)
	2.1.4. Scanning Electron Microscopy
	2.1.5. FTIR Analysis
	2.1.6. DSC Analysis
	2.1.7. TGA Analysis
	2.1.8. Adsorption Test
	2.1.9. Kinetic Study


	3. Results and Discussion
	3.1. Characterization of Nanoparticles
	3.2. SEM Analysis
	3.3. FTIR Analysis
	3.4. Dynamic Scanning Calorimetry (DSC) and Thermogravimetric Analysis of AM-Ag-Np
	3.5. Effect of pH in Adsorption of Methylene Blue
	3.6. Adsorbent Dose Fixation
	3.7. Isothermal Studies to Determine the Adsorption
	3.8. Kinetic Study

	4. Conclusion
	Data Availability
	Conflicts of Interest

