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ABSTRACT

The adsorptive removal of malachite green (MG) dye using ultrasonic-assisted Delonix Regia seeds
(UADRS) was studied in both experimental and theoretical studies. The physical and chemical
characteristics of newly prepared adsorbent — UADRS were determined using scanning electron
microscopy, Fourier-transform infrared spectroscopy, Brunauer-Emmett-Teller, thermogravimetric
analysis and X-ray diffraction. The batch adsorption tests showed that adsorption was increasingly
positive under the accompanying conditions: MG dye concentration = 50 mg L, solution pH = 8.0,
contact time = 60 min, dosage = 0.7 g L™ and temperature = 30°C. Adsorption results were demon-
strated to characterize fundamental parameters such as the adsorption equilibrium and kinetics.
Equilibrium adsorption information was best obtained from the Freundlich isotherm model, and the
maximum adsorption capacity was found to be 456.9 mg g'. The adsorption kinetic demonstrates a
superior fit to the pseudo-first-order kinetic model. The adsorption thermodynamic investigations
exhibited that adsorption was a chemisorption procedure with an exothermic and unconstrained
sorption process. Sticking probability proclaimed that the present adsorption study was ideal at

lower temperature and the sticking ability of MG dye onto UADRS was exceptionally high.
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1. Introduction

Textile industries are majorly responsible for generating
a large amount of wastewater due to different processing
steps such as pre-treatment, bleaching, dyeing, printing,
and finishing. Wastewater from a textile unit consists of
many toxic pollutants such as dyes, detergents, color res-
idues, inorganic salts, catalytic chemicals and stabiliz-
ing agents [1-3]. Textile industries directly discharge the
untreated wastewater into the environmental water bodies,
which causes several health issues to humans, animals, and
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plants. The environmental problems created by the textile
industry wastewater are due to increased oxygen demand,
high color, and a large number of suspended solids [4,5].
Also, textile dyes in high concentrations inhibit sunlight
penetration, respiration activities and consequently upset
the biological and photosynthesis processes in the aquatic
environment [6-8]. Among the different dyes, malachite
green (MG) is considered the most toxic, due to its respi-
ratory toxicity, carcinogenic and mutagenic properties; it
lasts for a long time in water and is difficult to be degraded
by microorganisms [9,10]. Different physicochemical and
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biological treatment strategies including ion exchange, pre-
cipitation, reverse osmosis, electrochemical treatment, ultra-
filtration, and membrane separation have been accounted
for to remove the toxic dyes from wastewater [11-19].

Nowadays, the adsorption process is the utmost favorable
technique for the removal of organic and inorganic contam-
inants from the water environment. Adsorption technique
has several advantages such as low cost, higher removal rate,
regeneration of adsorbent and higher affinity towards the
dye [8,20-24]. In the adsorption technique, several research-
ers have successfully implemented activated carbon (AC) as
an effective adsorbent. AC has superior potential towards
the dye removal due to its high surface area, adaptabil-
ity and high porosity [25]. However, considering cost as a
factor, agricultural waste biomass has been considered for
the preparation of low cost-efficient adsorbent material
for the removal of toxic dyes from the wastewater [26-33].
The agricultural waste biomass includes a cashew nutshell
[34], tamarind seeds [35], cotton flower [36], peanut hull [37],
rice husk [38], Jatropha curcas pods [39] and palm oil [40].

Adsorbents derived from naturally occurring agricul-
tural biomass such as Delonix Regia seeds can be utilized
for the removal of toxic dye from the water ecosystem. The
novelty of the present research is to prepare an effective
absorbent — ultrasonic-assisted Delonix Regia seeds (UADRS)
for the effective removal of MG dye. The adsorption of MG
dye was examined using raw Delonix Regia seeds. Due to its
low surface area and porosity, UADRS was synthesized and
adapted, to modify the surface of Delonix Regia seeds. The
external morphology and the structure of the incorporated
adsorbent material were portrayed by different systems, for
example, Fourier-transform infrared spectroscopy (FTIR),
scanning electron microscopy (SEM), Brunauer-Emmett-
Teller (BET), thermogravimetric analysis (TGA) and X-ray
diffraction (XRD). The parameters such as MG dye concen-
tration, pH, contact time, adsorbent dose and temperature
were studied by batch adsorption study. The adsorption
process, rate, and mechanism were predicted by the adsorp-
tion isotherm model and adsorption kinetic model, respec-
tively. The thermodynamic examinations were performed to
perceive the nature of the adsorption process.

2. Materials and methods
2.1. Collection and preparation of adsorbent

In this study, Delonix regia seeds were utilized as an
adsorbent for the removal of MG dye from the aqueous
solution. The Delonix regia seeds were collected from dif-
ferent farm fields near Thiruporur, Tamilnadu, India. The
collected seeds were washed continuously using distilled
water to remove the dust particles. The samples were
dried in an oven at the temperature of 80°C for about 6 h
to remove the total dampness content. These dried samples
were pulverized to residual form and gathered in a plastic
dish for corrosive treatment. 0.1 M hydrochloric acid (HCI)
was added to the sample where it stayed for around 5 h.
The surface-modified material was washed using refined
water to remove the abundant measure of HCl present
in it. It was washed until the pH of the water wound up
nonpartisan. At that point, the adsorbent was permitted to

dry for around 24 h at 60°C in a hot air oven. The resul-
tant material was further utilized for the preparation of
UADRS. The ultrasonication was done with an ultrason-
icator (Sonics Materials Inc., Newtown, USA) at a waged
recurrence of 24 kHz and a motorized tumult of 500 rpm for
around 1 h. The resultant material was sifted by using the
Whatman 42 filter paper. The filtered material was dried at
40°C for around 24 h. The subsequent material was called
ultrasonic aided Delonix regia seeds and it was viably uti-
lized as an adsorbent material for the expulsion of MG dye
from the aquatic environment.

2.2. Preparation of absorbate

MG dye, a crystalline powder (molecular formula:
C,H,CIN,; A_ = 61832 nm; molecular weight: 364.911)
was purchased from E. Merck, India. The stock arrange-
ment of 1,000 mg L of MG dye was set up by softening
the obligatory measure of MG dye crystal-like powder in
1,000 mL of refined water. The readied stock arrangement
was debilitated by utilizing distilled water to achieve the
waged arrangement of various MG dye concentrations
(50-250 mg L™). The pH of the solution was changed by
fitting an incentive by including 0.1 N NaOH or 0.1 N HCL
The pH of the arrangement was determined with Hanna
pH meter (HI 98107, Hanna equipment Pvt. Ltd., Mumbai,
India) utilizing a joined glass cathode.

2.3. Characterization study

The characterization of newly prepared UADRS was
determined by different studies such as FTIR, SEM, BET,
TGA, and XRD. FTIR studies can be used to determine the
functional groups present on the surface of the adsorbent
material. Furthermore, the nature of the interaction between
the UADRS and MG dye was determined. SEM investigation
can be utilized to decide the surface morphology of UADRS.
BET investigation can be utilized to decide the surface prop-
erty of UADRS. TGA analysis can be used to determine
the thermal stability of the UADRS. XRD analysis can be
used to identify the different phases of UADRS.

2.4. Batch adsorption experiments

Batch adsorption experiments were carried out for dif-
ferent factors influencing parameters such as concentration
of MG dye (50-250 mg L), contact time (10-90 min), pH
(2.0-10.0), dosage of adsorbent (0.1-0.8 g L!) and tempera-
ture (30°C-60°C) to understand the rate of adsorption of
MG dye from the synthetic solution. In each examination,
the fixed amount of UADRS was included in the 100 mL
flask, which comprises of 100 mL of MG dye solution. The
mixtures were disturbed at 80 rpm in an incubation shaker
(Orbitek, India) through various time intervals. After the
prescribed time interval, the samples were retrieved from
the shaker and the adsorbent material was filtered by using
Whatman 42 filter paper. The MG dye concentration in the
arrangements was estimated using a UV Visible spectro-
photometer (JASCO, USA). The removal rate of the MG
dye was determined by making use of the accompanying
condition:
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Percentage removal = % x 100 1)

e

where C, is the initial pollutant concentration (mg L™) and
C, is the final pollutant concentration in the solution (mg L™).

2.5. Isotherm study

The adsorption isotherm plays an important role in the
evaluation of the interaction between the adsorbent sur-
face at equilibrium condition and the dispersion of the MG
dye in the solution. The batch adsorption study was carried
out by changing the concentration of MG dye from 50 to
250 mg L. A fixed amount of UADRS was included in each
conical flask, which comprises 100 mL of various concentra-
tions of MG dye at an ideal condition. When the framework
achieved the equilibrium time, the samples were retrieved
from the shaker. The expended UADRS was recuperated
from arrangement blends by using the Whatman 42 channel
paper. The concentration of the MG dye in the filtrate was
analyzed by using UV Visible spectrophotometer. The mea-
sure of MG dye adsorbed onto the UADRS at a parity-time
was controlled by using the accompanying mass equality
condition:

C,-C\Vv
q:u @)

m

where g, is the adsorption capacity at equilibrium (mg g™),
V is the volume of pollutant solution (g) and m is the mass
of UADRS (g).

Four experimental isotherm models such as Langmuir,
Freundlich, Temkin, and Toth model, defined the perfor-
mance of the UADRS for the removal of MG dye from the
aqueous solution.

Langmuir model can be described by the following
equation [41]:

o=t e ®
1+(K,C,)
where g, is the maximum monolayer adsorption capacity
(mg g™), and K, (L mg™) is the Langmuir constant related to
the affinity of the dyes to the adsorbent.
Freundlich model can be described by the following
equation [42]:

1
q, = K:C; @)

where K, (mg g™)(L mg™))"/is the Freundlich constant used
to measure the adsorption capacity, and 1/n is a dimension-
less parameter, which shows how adsorption fluctuates as
an element of the concentration.

Temkin model can be described by the following
equation [43]:

q :%(lnA C,) ()

e

where A and B are the Temkin isotherm constants.
Toth model can be described by the following
equation [44]:

C
g = —— e )

mT
i + CmT
K, °

where K, is the Toth equilibrium consistent, mT is the Toth
demonstrate exponent and g, is the Toth greatest adsorption
limit (mg g™).

2.6. Kinetic study

The kinetic investigations were coordinated to inves-
tigate the removal rate and mechanism for the removal of
MG dye by UADRS. The adsorption kinetic examinations
were finished by changing the contact time (10-90 min)
and at an ideal condition of initial MG dye concentration =
50 mg L7, pH = 8.0, temperature = 30°C, adsorbent mea-
surements = 0.5 g L7 of UADRS. When the framework
achieved the harmony time, the samples were returned
from the shaker. The expended UADRS was recuperated
from arrangement blends by utilizing the Whatman 42
channel. The leftover MG dye concentration in the filtrate
was investigated by utilizing a UV Visible spectrophotom-
eter. The proportion of MG dye adsorbed at different time
intervals (g, mg g') was figured using the formula:

(C,-C)V

q=—"—"" 7)
m

where g, is the pollutant concentration in the solid phase at
any time ¢ (mg g™'), C, is the pollutant concentration at time
t (mgL™)

Pseudo-first-order kinetic model is expressed as fol-
lows [45]:

9, =q,(1-exp(-k;t)) 8)

where k| is the pseudo-first-order kinetic rate constant (min™')
and t is the time (min).

Pseudo-second-order kinetic model is expressed as
follows [46]:

2k t
g, = . q.%; ©9)
+q.k,t

where k, is the pseudo-second-order kinetic rate constant
(g min™ mg) and ¢ is the time (min).

Elovich kinetic model is expressed as follows [47]:

q,=(1+B;)In(1+0,Bt) (10)

where (3, (g mg™) is the desorption consistent identified
with the enactment vitality of chemisorption and «a, is the
underlying adsorption rate (mg g™ min™).
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2.7. Thermodynamic study

The thermodynamics studies were carried out by differ-
ing the temperature from 30°C to 60°C to get the data about
the vitality deviations. The thermodynamic paradigm was
clarified by the thermodynamic constraints, such as Gibbs
free energy (AG®, k] mol™), entropy change (AS°, k] mol™) and
enthalpy change (AH®, k] mol™). The thermodynamic para-
meters were determined from the accompanying conditions:

AG® = RTInK. (11)
C

K — __Ae 12

=T (12)

logK AS AH (13)

T2303R  2.303RT

where R is the universal gas constant (8.314 JK mol™), T is
the temperature (K), K_is the equilibrium constant. C, _ is the
amount of MG dye adsorbed onto the adsorbent (UADRS)
per liter of MG dye solution at equilibrium (mg L™).
The estimations of AS®° and AH° were resolved from the
incline esteem and the catch estimation of the plot between
of log K_and 1/T.

2.8. Single stage batch adsorber

Adsorption isotherm study assumes an imperative part
in the design of a single-stage batch adsorption system.
The motivation behind the configuration is to estimate the
amount of adsorbent dosage expected to treat the known
volume of the effluent. The best-obeyed adsorption isotherm
model was utilized to outline a single-stage batch adsorption
system.

2.9. Sticking probability

The sticking probability (5*) was used to determine
the sticking capacity of MG dye to remain adsorbed
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indeterminately. The sticking probability can be calculated
by using the following formula

s =(1—0)exp[— ;TJ

O represents that surface coverage, E, represents that
activation energy. The surface coverage was evaluated by
utilizing the following condition

(14)

0-1-S

. (15)

3. Results and discussion
3.1. Characterization studies
3.1.1. FTIR Studies

The surface chemistry of the adsorbent material plays an
important role in determining the adsorption mechanism.
The FTIR analysis might be connected to locate the organic
and inorganic materials present on the surface of the
UADRS. The adsorption component is completely subject
to the communication amid the MG dye and the UADRS.
The FTIR study annals the ranges from a maximum point
of confinement of around 4,000 cm™ down to 400 cm™.
Fig. 1a demonstrates that FTIR examination of UADRS. In
Fig. 1a the extraordinary wide band at 1,582 cm™ demon-
strates the nearness of aromatic ring stretch (C=C-C) of aryl
group and the band vibrations at 558 and 529 cm™ relates
to the nearness of aliphatic organohalogen compound group
frequencies of aliphatic-iodo compounds (C-I Stretch). The
pinnacle vibrations at 495 and 476 cm™ demonstrates the
nearness of thiol group frequencies of polysulphides (5-S
Stretch). The extreme tops at 455 and 427 identify with that
of the quality of aryl disulfides (S-S Stretch). The FTIR report
reports that the carbonate ion was present in the peak value
at 443 cm™ that indicates that the stretching vibrations of
ionic groups. The FTIR considers detailed that the nearness
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Fig. 1. (Continued)
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Fig. 1. (a) FTIR image of UADRS, (b) SEM analysis of UADRS, (c) BET analysis of UADRS, (d) TGA analysis of UADRS, and (e) XRD
image of UADRS.
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of the aryl group is in charge of the development of bond
collaboration (electrostatic and covalent) amid the MG dye
and the UADRS. The presence of ionic groups might be the
major reason for the formation of a covalent bond between
the UADRS and MG dye. The nearness of the aliphatic clus-
ter is responsible for the arrangement of the framework
with a fractious connected arrange because of its developed
thickness afterward alteration. FTIR results showed that the
presence of thiol, aryl, ionic groups, covalent and electro-
static interaction confirms that UADRS has good adsorption
capacity for the removal of MG dye.

3.1.2. SEM analysis

The exterior form, shape, and structure of UADRS was
revealed by the SEM images with different magnifications of
8.8 mm of x3,500 and 10 um, 8.9 mm of x2,000 and 20 pum,
8.8 mm of x1,500 and 30 um, 8.8 mm of x1,000 and 50 pum,
8.8 mm of x400 and 100 um, respectively. Fig. 1b demon-
strates the homogeneous and generally permeable structure
in the UADRS. The isolated pores of varying dimensions
from micro to transitional pores. Layers of carbon that are
interconnected are seen. The structures signify the presence
of macropores very clearly and it is responsible for the high
surface area of UADRS. The proximity of the tremendous
level of a surface area and size of pores might be a direct
result of the take-up of water particles and the closeness of
void volume outwardly of the adsorbent material during
ultrasonication process. SEM analysis reported that UADRS
has a good number of pores and large cavities, which will
enhance the adsorption capacity by forming the matrix layer
with a cross-linked network. These qualities exhibit that
UADRS has an overwhelming adsorption limit concerning
the clearing of MG dye from the fluid arrangement.

3.1.3. BET analysis

BET analysis can clear up the surface adsorption of MG
dye on a solid surface of a UADRS. BET is a fundamental
examination for the estimation of the specific surface area of
the adsorbent. The surface area can be used to predict bio-
availability. The effect of the total surface area is a fundamental
aspect of the adsorption process. Fig. 1c shows the BET sur-
face area tests for UADRS. BET surface area, pore-volume,
correlation coefficient and molecular cross-sectional area of
UADRS were observed to be 1.3579 m? g™, 0.003620 cm?® g7,
0.9993499 and 0.1620 nm?, exclusively. BET results showed
that present adsorbent material - UADRS has enlarged
pore volume and efficient molecular cross-sectional area,
which shows that superior adsorption capacity for the
removal of MG dye from the aqueous solution.

3.1.4. TGA analysis

TGA is an analytical technique used to determine a
UADRS’s thermal stability and its fraction of volatile com-
ponents by monitoring the weight change that occurs as
a sample is heated at a constant rate. Fig. 1d shows the
TGA twist of UADRS using an SDT Q600 V8.0 instrument.
The TGA examination of UADRS found in the temperature
district of 70°C-85°C created the impression that 9.89% of

weight adversities, as a rule, result in the vaporization of
water and period of non-combustible gases. In the TGA
examination, the couple of cellulosic macromolecules of
UADRS, for instance, glucose, xylose, mannose, galactose
and arabinose experience pyrolysis movement and get
vaporized. As shown by the TGA examination, the adsor-
bent material has a midpoint estimation of 65.68°C and an
end set estimation of 110.08°C. Over this temperature, the
UADRS will be corrupted. The expansion in thermal sta-
bility of joined cellulosic fiber might be because of the fuse
of increasingly covalent bonding. The grafted item shaped
a cross-linked sort of system on the cellulosic macromole-
cules. When heated forms an insulative carbonaceous char
boundary superficially, along these lines restraining cor-
ruption and thus expands thermal dependability of united
cellulosic macromolecules.

3.1.5. XRD analysis

Fig. 1le demonstrates the XRD image of UADRS. The
crystal-like idea of the mixes was controlled by utilizing the
procedure of XRD. The solid diffraction of UADRS was seen
in the situation of 20 that proposes that UADRS shows
an orthorhombic crystal structure. The presence of aryl
functional groups (558 cm™) and thiol functional groups
(495 cm™) on the surface of the UADRS were affirmed by
FTIR studies. These functional groups were in charge of
ascending in the crystallinity record from the solid hydro-
gen holding. The diffraction file of UADRS was less extraor-
dinary and crystallinity record likewise diminished, as it
were, as appears in Fig. le. From that point forward, the
crystallinity was diminished, as it were, in which electrostatic
association framed by aryl utilitarian mixes affirmed. In like
manner, the XRD study of UADRS detailed that UADRS
has supplementary adsorption locales. This approach can
provide not only a quantitative estimation of the UADRS
phases but also some useful information on the sorbent
structure and microstructure such as lattice parameters,
average crystallite size, and microstrain. Subsequently, the
XRD considers point by point that UADRS material has an
incredible adsorption limit concerning MG dye adsorption
from the aqueous solution.

3.2. Influence of initial MG dye concentration
on the MG dye adsorption

Fig. 2a displays the impact of MG dye concentration
on the adsorption of MG dye onto UADRS. The impact of
initial MG dye concentration was analyzed by varying the
MG color focus from 50 to 250 mg L™. It was seen that the
percentage removal of MG dye was diminished with an
expansion of MG dye concentration. This might be because
of the immersion of the accessible dynamic destinations on
the adsorbent surface. At a lower MG dye concentration,
the proportion of adsorbent to MG dye concentration was at
most extreme, demonstrating higher MG dye evacuation at
lower MG dye concentration. At higher MG dye concentra-
tion, the proportion of adsorbent to MG dye concentration
was at least, showing lower MG dye concentration. In any
case, practically 100% of MG dye was removed from the
aquatic medium, indicating that the UADRS can be used as
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Fig. 2. (a) Initial MG dye concentration effect on the adsorption of MG dye onto UADRS and (b) Adsorption isotherm fit for the

removal of MG dye onto UADRS.

an overwhelming adsorbent for the incredible removal of
MG dye from the fluid arrangement.

3.3. Isotherm study

Isotherms have a basic impact in prescient demons-
trating methods, which are utilized for the development of
adsorption framework. Adsorption equilibrium informa-
tion was fitted with the distinctive isotherm conditions and
anticipated pictures are exhibited in Fig. 2b. The determined
adsorption isotherm parameters, correlation coefficient (R?)
qualities and error esteems are recorded in Table 1. The
best-fitted adsorption models can be distinguished by either
R? qualities or error values. Freundlich isotherm (R?=0.9933)
gives the best outcome to the adsorption framework as
looked at with the other isotherm models. This reveals
insight into the character of the adsorption process; here
it is portrayed by the multilayer adsorption process. The

estimation of n was observed to be more noteworthy than
one, which demonstrates the MG dye adsorption onto
UADRS was physical adsorption.

3.4. Influence of the contact time on the MG dye adsorption

Fig. 3a demonstrates the impact of contact time on the
adsorption of MG dye onto UADRS. The effect of contact
time on the adsorption of MG dye onto UADRS was car-
ried out by fluctuating the contact time from 10 to 90 min
and possession distinctive constraints as steady. Fig. 3a
shows that the rate of removal of MG dye was extended
with the development of contact time from 10 to 60 min
and additional elevation in time has no noticeable outcome
on MG dye adsorption. The motive might be that at intro-
ductory a liberal superficial assortment stretches plentiful
superficial unique locale to MG dye adsorption be that as
it may, over the long haul UADRS surface may have been
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Table 1
Isotherm results for the adsorption of MG dye onto UADRS

435

Isotherm model Parameters R? SSE RMSE Equation
Langmuir q,=456.9 (mg g™) 0.8818 9.35 5.58 _ 456.9%0.3155xC,
K, =0.3155 (L mg") I = 17 03155xC,
F dlich K, =147.9 ((mg g')(L mg™)c'm 0.9933 5.88 1.02 1
reundlic ¢ («( j; g (L mg™)) 4. =147.9 CI0
n=23.006 (g L") ¢ ¢
Temkin A=12.01 0.9302 12.01 3.621 6 - 0.3638xT I:ln(12.01>< CL,)J
b=3.621 3.621
Toth 9..=302(mgg") 0.9338 50.26 50.03 B 30.2xC,
K, = 0.859 L oo
=0.8923 L cosos |
M {0.859 ‘

depleted accomplishing no supplementary removal process.
No huge expansion in rate launch was searched for all tried
MG dye focus after 60 min of contact time; this shows the
parity-time was fixed as 60 min for additionally endeavors.

3.5. Kinetic study

The kinetic study for the adsorption of MG dye on
UADRS performance fundamental employment in the
removal study, which gives information about the reaction
lane and the proportion monitoring instrument of exchange
reactions. The adsorption rate and the dynamic instrument
of the adsorption technique were assessed by using the
adsorption active examination. In the present investigation,
kinetic models were fitted with the exploratory information
to assess the finest dynamic model. Fig. 3b demonstrates the
adsorption kinetic investigations on MG dye adsorption by

Table 2
Kinetic results for the adsorption of MG dye onto UADRS

UADRS. The determined estimations of kinetic constraints
R? and sum of squared error (SSE), root mean squared error
(RMSE) appear in Table 2. The finest model was recognized
by contrasting the trial adsorption esteem (g, ) with the
determined adsorption limit (g, ). It is seen from Table 2
that the determined adsorption limit esteems (g, ) of pseu-
do-first-order were nearest to the test adsorption limit (qmp).
Additionally, the pseudo-first-order model demonstrates
had a superior fit to the exploratory information contrasted
with other active models, considering the higher relation-
ship coefficient esteems and low SSE and RMSE it appeared.
In perspective on all these, it very well may be presumed
that the pseudo-first-order kinetic model can around depict
all adsorption of MG dye on UADRS. This likewise proposes
removal study is constrained by physical adsorption includ-
ing the development of bonding forces (covalent, Vander
Walls) between MG dye and the superficial of the UADRS.

Kinetic model Parameters MG dye Concentration (mg L)
50 100 150 200 250
Pseudo-first-order k, (min) 0.0398 0.0346 0.0315 0.0268 0.022
9o (Mg ™) 105.3 2124 314.7 4279 554.4
porp (MG &) 99.85 195.92 284.9 370.89 449.56
R? 0.9846 0.9818 0.9801 0.9781 0.9674
SSE 6.91 33.1 86.8 192.2 253.0
RMSE 3.022 6.934 11.15 16.57 26.64
Pseudo-second-order k, (g mg™ min™) 0.0387 0.0313 0.0264 0.0210 0.0159
9o (Mg g™ 11.61 16.76 20.66 24.64 28.77
R? 0.9753 0.9705 0.9674 0.966 0.9574
SSE 10.5 55.0 142.6 298.4 650.3
RMSE 3.827 8.864 14.27 20.65 30.48
Elovich Kinetic a, (mg g min™) 0.0144 0.0042 0.0020 0.0008 0.0003
B, (g mg™) 14.53 33.79 54.71 85.11 126.6
R? 0.9589 0.956 0.953 0.9533 0.9475
SSE 17.5 82.2 205.6 409.7 800.4
RMSE 4.936 10.83 17.14 24.19 33.82
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Fig. 3. (a) Contact time effect on the adsorption of MG dye onto UADRS and (b) Adsorption kinetic fit for the removal of MG dye onto
UADRS.
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The pseudo-first-order kinetic model infers that the quantity
of adsorption destinations that were available superficially
of the UADRS is broadly more prominent than the quantity
of MG dyes that were adsorbed.

3.6. Influence of the pH on the MG dye adsorption

Fig. 4, demonstrates the impact of pH on the adsorption
of MG dye onto UADRS. The impact of pH study was per-
formed by shifting the arrangement pH from 2.0 to 10.0 and
keeping other parameters as steady. The adsorption blends
were worked under ideal conditions in an incubation shaker
for 60 min. The underlying grouping of MG dye was kept
up at 50 mg L. The removal rate of MG dye was gradually
expanded with the expansion in pH esteem. The extreme
expulsion of MG dye was seen at a pH estimation of 8.0.
Low expulsion of MG dye by the UADRS was seen at trun-
cated pH esteem, which might be expected to the developed
grouping of hydrogen particles contending with the MG
dye to be adsorbed onto the UADRS. At higher pH esteem
(pH 2 8.0), the evacuation of MG dye was accomplishing
the immersion condition due to the arrangement of metal
hydroxides. The last estimations of the arrangement pH
were observed to be underneath 9.0, which shows that no
precipitation happens amid the adsorption procedure.

3.7. Influence of UADRS dosage on the MG dye adsorption

Fig. 5 demonstrates the impact of dose on the adsorption
of MG dye onto UADRS. The effect of adsorbent dose was
considered by shifting the measurement from 0.1 to 0.8 g L™
and keeping different parameters as consistent. The working
conditions used for the present examination were introduc-
tory MG dye concentration of 50 mg L™, arrangement pH
of 8.0, the contact time of 60 min and temperature of 30°C.
This outcome demonstrates that the evacuation of MG dye
was expanded gradually with the expansion of the adsor-
bent portion from 0.1 to 0.5 g L™, due to the expansion in
the number of dynamic destinations on the UADRS super-
ficial. As the UADRS portion increments further from 0.5 to
0.8 g L7, the rate of removal of MG dye came to almost a
steady esteem. This is conceivable because of the moderately
low equilibrium concentration, low driving drive, and the
accessible dynamic locales bit by bit diminished. The ideal
measurements of UADRS for the expulsion of MG dye were
observed to be 0.5 g L.

100 ® © o
80
60 [ ]

40

% Removal

20 )

0 2 4 6 8 10
pH

Fig. 4. Solution pH effect on the adsorption of MG dye onto
UADRS.
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Fig. 5. Dosage effect on the adsorption of MG dye onto UADRS.

3.8. Influence of temperature on the MG dye adsorption

Fig. 6a shows the impact of temperature on the present
removal study. The temperature impact on the expulsion
of MG dye was thought about by moving the temperature
running from 30°C to 60°C and by maintaining each other
parameter constant. The working conditions used for the
present examination were MG dye centralization of 50 mg L7,
contact time 60 min, pH of 8.0 and UADRS bit of 0.5 g L™.
The expulsion of MG dye from the liquid course of action
was reduced with an extension in the temperature, which
exhibited that the adsorption progression was exothermic.
Temperature is related to the dynamic imperativeness of the
dyes in the liquid plan. As temperature increases, physical
mischief may occur on the adsorbent material and diminish
its adsorption limit; this might be possibly a direct result of
the weakening of adsorptive powers between the MG dye
and the UADRS. The extraordinary departure of MG dye
was accomplished at 30°C.

3.9. Thermodynamic study

Fig. 6b shows the thermodynamic examination for the
adsorption of MG dye onto UADRS. The estimations of
enthalpy and entropy were resolved from the incline and
intercept of the plot of In K vs. 1/T, separately. The evalu-
ated constraints are documented in Table 3. From the tab-
ulation report, negative estimations of AG® for every one
of the obsessions were very much arranged reached out
with an extension of temperature from 303 to 333 K which
relates that adsorption of MG dye onto UADRS was func-
tional and unconstrained. The reason behind this direct, the
increase of temperature improved the advancement of MG
dye ahead of time adsorbed, which made a case of desorp-
tion of the MG dye from the UADRS surface. In the pres-
ent framework, AG® respect was found in the focal point of
-20 to 0 k] mol™ for all contemplated temperature which
displays that present adsorption of MG dye onto UADRS
was physical adsorption. The negative estimations of AH®
address that adsorption of MG dye onto the UADRS was
exothermic. Likewise, negative estimations of AS® showed
diminished irregularity at the solid/fluid interface amidst
the adsorption procedure.
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Fig. 6. (a) Temperature effect on the adsorption of MG dye onto UADRS and (b) Thermodynamic study.

Table 3

Thermodynamic parameters for the removal of MG dye using UADRS

Concentration. of AH° AS° AG? (KJ mol™)
MG dye (mg L) (KJ mol™) (J mol' K™) 30°C 40°C 50°C 60°C
50 -73.027 -199.73 -13.469 -9.066 -8.287 -7.214
100 -39.356 -98.49 -9.668 -8.375 -7.314 -6.771
150 -21.176 —46.41 -7.097 —6.745 —-6.034 -5.792
200 -19.698 —44.44 —6.195 -5.824 -5.382 —4.855
250 -15.110 -31.93 —5.404 -5.193 —4.728 —4.494
3.10. Single stage batch adsorber 4
A schematic diagram for a solitary stage batch adsorber ~ 35 ||*75% M °
arrangement is shown in Fig. 7. The essential point of this 2 ® 80% e
planned design is to decrease the MG dye concentration = > 85% e
from C, to C, of plan volume V (L). The proportion of UADRS s 9z ) a i
used is M (g), and the MG color adsorbed onto the UADRS _g 90% "
was changed from g, (mg g™') to g, (mg g™). e 2 ||e95% v
The mass adjustment for the single-sort out gathering o 15 ¢
adsorption structure at parity condition can be given as a2 " e
seeks after (at time t =0, g,=0): 2 1 e
p .
0.5
V(C,~C.)=M(q.~q,)= Mg, (16) o .
0 2 4 6 8 10

Freundlich isotherm shows the best-fitted model adsorp-
tion isotherm appear for the MG dye onto the UADRS.
The single-organize clump adsorber was arranged by using
the Freundlich adsorption isotherm appear. Updating the
Eq. (15) can be given as seeks after

M:(CU_CL’)V:(CU_CP)V (17)

1

ke

Fig. 7 demonstrates the straight conspiracy of the
measure of adsorbent (g) vs. volume of the arrangement
of starting MG dye concentration (L) of 300 mg L™ for 75%,
80%, 85%, 90% and 95% of expulsion at various arrangement
volumes (1-10 L).

Volume of MG Dye solution (L)

Fig. 7. Pictorial representation of single-stage batch adsorber.

3.11. Sticking probability

The estimations of staying likelihood (5*) and actuation
vitality (E ) are shown in Table 4. The estimations of S* were
seen that underneath 1, subsequently the staying likelihood
of MG dye onto the UADRS is high and besides negative
estimation of E, analyzes that adsorption of MG dye particle
onto UADRS was continuously extraordinary at the lower
course of action temperature. Thus, the adsorption process
was exothermic.
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3.12. Comparison of adsorption capacity of UADRS

Assorted adsorption studies about utilizing distinctive
kinds of adsorbent materials for the evacuation of MG dye
have been accounted for. The most extraordinary monolayer
adsorption points of confinement of UADRS were differen-
tiated and various adsorbent materials and the result are
listed in Table 5. The report shows that UADRS has a higher
adsorption limit 456.9 mg g™ that exhibited that UADRS
is to be considered as promising and effective adsorbent
material for the ejection of MG dye from the contaminant
liquid.

4. Conclusion

In this study, Delonix regia seeds were synthesized via
ultrasonic technique and utilized as an adsorbent material
for the adsorption of MG dye from the aqueous solution.

Table 4
Sticking probability of MG dye onto UADRS

Concentration of MG dye (mg L™) E, (K] mol™) 5*

50 -1.030 0.049

100 -0.543 0.208

150 -0.281 0.521

200 -0.253 0.719

250 —-0.189 0.926
Table 5

Comparison of adsorption capacity of UADRS with other
adsorbents for the adsorption of MG dye

S.No Adsorbents g, (mgg") References

1 UADRS 456.9 This study

5 Base-rgo.dified Artocarpus 5.6 (48]
odoratissimus leaves

3 TEPFRCA 333.33 [49]

4 ZnQ nanoparticles loaded 026 [50]
activated carbon
Boron-doped mesoporous

5 . 310 [51]
carbon nitride

6 Refiuced graphene 249 [52]
oxide-Agarose hydrogel

- Gr(?undnut shell derived 299 (53]
activated carbon

8 CNF aerogel 212.7 [54]

9 Bentonite 178.6 [55]

10 Rice straw-derived char 148.6 [56]

11 Waste fruit residues 37.03 [57]

12 Wood apple shell 34.56 [58]

13 Annona squamosa seed 2591 [59]

14 Cashew nut bark carbon 20.09 [60]

15 CPAC 44 [61]

16 Neem sawdust 4.354 [62]

The newly synthesized UADRS was characterized by FTIR,
SEM, BET, TGA and XRD analysis. The characterization
reports expressed that the prepared adsorbent had suffi-
cient external possessions for the expulsion of MG dye. The
adsorption isotherm examines demonstrate that Freundlich
isotherm display fitted great with the exploratory informa-
tion which depicts that the present research is heterogeneous.
The monolayer adsorption limit for the expulsion of MG dye
was observed to be 456.9 mg g™. Kinetics and thermody-
namic analyses showed that the MG dye adsorption process
was chemisorption, impulsive in nature. Lastly, the present
study concluded that readied UADRS has higher adsorption
limit esteem. Thus, UADRS can be successfully used as a
minimal effort adsorbent for the removal of MG dye particles
from the aquatic environment.
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