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The present research focuses on synthesizing surface-modified egg shell powders using ultrasonic modification method for the
effective adsorption of malachite green dye (MG). The presence of functional groups and surface morphology of ultrasonic-
assisted egg shell powder (UAESP) was characterized using Fourier transform infrared spectrophotometer (FTIR) and scanning
electron microscopy (SEM) analysis, respectively. A batch adsorption study was performed to predict the optimum conditions,
and the results showed that maximum adsorption rate at the solution pH of 8.0 within the interaction time of 90min, dosage
of 1.5 g/L for MG dye concentration of 25mg/L, and temperature 30°C. The isotherm and kinetics modeling of the present
adsorption system can be well described by Freundlich and pseudosecond-order kinetics, respectively. The monolayer
adsorption capacity of UAESP for MG dye was originated to be 64.58mg/g. The results of the thermodynamic study reported
that adsorption removal of MG dye onto UAESP was exothermic and spontaneous. This study accredited that UAESP has
higher efficiency, cost-effective, and sustainable adsorbent for the removal of hazardous dyes on an industrial level.

1. Introduction

Environmental pollution, a global phenomenon, is greatly
exacerbated by industrialization and urbanization with its
deleterious implications on all organisms. Water pollution
and land pollution have risen in recent years due to the
introduction of excess effluent amount into the environ-
ment. Unmet needs for improved water availability have
compelled industrialists to concentrate on treatment tech-
nologies. Untreated industrial effluent causes water quality
to stagnate, threatening the lives of many organisms [1].
The dye effluent is extremely hazardous as it comprises a
large number of suspended solids, chemicals, COD, dye,

and heavy metals. Dye, as a visible pollutant, is highly unde-
sirable even in trace amounts [2–4]. Dyes are organic com-
pounds consisting of two main groups of compounds,
chromophores (responsible for the color of the dye), and
auxochromes (responsible for the intensity of the color).
The colorants in textile dyes prevent sunlight from probing
water, slowing the rate of oxygen uptake, and photosynthe-
sis. Aside from persisting as environmental pollutants, they
also act as cancer-causing, mutagenic, and lethal agents,
passing contaminants up the food chain from lower to
higher trophic levels [5, 6]. The color of the dye interrupts
the normal aesthetic life of marine organisms. MG dye, an
N-methylated diaminotriphenyl methane basic dye, is
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perhaps the most prevalently utilized dye in the textile, wool,
and leather industries [7]. The noxious and metal chelating
nature of MG dye harms the internal organs of organisms
ranging in trophic levels from medium to higher. In its
reduced form—leucomalachite green—MG dye acts as an
apoptotic agent as well as a tumor promoter [8, 9].

To treat dye-polluted water, conventional methods
including membrane separation, magnetic separation,
advanced oxidation processes, photocatalysis, reverse osmo-
sis, coagulation, adsorption, and ion exchange have been
used. Each degree has a varying level of success. The use of
environmentally and economically sustainable materials has
made adsorption, a viable and suitable wastewater treatment
process [10–13]. Adsorption to date is the most effective and
utilized technology globally to remove several pollutants in
wastewater. However, there are many challenges to adsorp-
tion processes such as reducing the high cost, through means
of separation of suspending adsorbents to be used again, as
well as the ease to synthesize [14]. On the other hand, adsor-
bents have a synergistic effect with their efficient adsorption
capacity to remove contaminants, high abundance, and par-
ticipation in waste minimization, helping alleviate ecological
and environmental problems [15].

Additionally, biobased adsorbent materials such as agri-
cultural, animal, and plant wastes outperform synthetic adsor-
bents. Carbon-based compounds with high superficial
properties and sorption abilities adsorb more adsorbate onto
adsorbents [16]. Commonly employed adsorbents for removal
of malachite green dye include sugarcane composite [17],
Livistona chinensis [18], Artocarpus odarotissimus biochar
[19], Coriolus versicolor [20], Limonia acidissimia—wood
apple shell [21], and Pinus roxburghii cone adsorbent [22].

In the majority of developing countries, solid residues
such as animal waste are dumped into the ground, causing
harmful effects on organisms. Crab shells, fish bones,
chicken bones, egg shells, and other animal wastes are exam-
ples of animal residues. Egg shell is opulent animal waste
that is recycled in a limited range. Every year, millions of
egg shells are discarded as waste in the country without
being recycled [23–25]. Egg shells are a significant source
of waste in the chicken egg processing industry. As a natural
calcium carbonate source with other trace elements, it can be
used as a dye sorbent. Customarily, chemically synthesized
calcium carbonate was used in the pollutant removal pro-
cess. Although the calcium carbonate in egg shells is not as
pure as a chemical reagent, it can be used effectively in the
adsorption process. Cockle shell, chicken bones [26], cuttle
fish bone waste [27], mussel shell [28], and Labeo rohita fish
scale wastes [29] are examples of recent animal waste-based
adsorbents used in pollutant remediation.

Activated carbon has better prospects in adsorption
applications. The conventional adsorbent materials can be
modified to activated carbon with better porosity and sur-
face area. In the physical methods, material is carbonized
in oxygen absence. Fixed concentrations of activating
reagents are added to eliminate the moisture content and
modify the chemical properties of the adsorbent materials
[30, 31]. The reduced requirement inactivation procedure
has made the ultrasound technique a better process. The

pressure waves in the medium generate the ultrasound
waves leading to modification. Negative pressure exists when
the acoustic pressure amplitude exceeds the static pressure.
Negative pressure in the solid-liquid aqueous system causes
molecular expansion. It also breaks the molecular bond cre-
ating cavities and pores. For material activation, a frequency
of 35 kHz is preferable [32–34]. Many recent adsorption
studies have used reactive adsorbents such as ultrasonicated
dragon fruit peel biomass [35], ultrasound pretreated peanut
husk powder [36], and ultrasonication modified corn-pith
[37]. As ultrasonically treated shells have not been used pre-
viously, the ultrasonicated egg shell powder is being investi-
gated in this study for malachite green dye adsorption.

In the present research, UAESP is utilized as an adsor-
bent for the sorption of MG dye from synthetic solutions.
To depict the properties of the modified adsorbent, scanning
electron microscopy (SEM) and Fourier transform infrared
(FTIR) were used. By utilizing UAESP, batch experimental
studies were carried out using the various variables for
instance time, pH, temperature, the dose of UAESP, and ini-
tial concentration of MG dye. The adsorption equilibrium
data were applied to isotherm and kinetic modeling study
to determine the mechanism of MG dye sorption onto ultra-
sonicated egg shell powder. The influence of temperature on
the sorption framework was predicted by scrutinizing ther-
modynamic experiments.

2. Experimental Study

2.1. Adsorbate. Malachite green, a cationic dye, was acquired
from E. Merck in Bangkok, Thailand, and included as an
adsorbate in the current study. 1 liter of standard MG dye
aqueous solution was obtained by dispersing 1 g of dye in 1
liter of distilled water. Dilutions of the standard typically
result from in-stock solutions with concentrations extending
from 25mg/L to 150mg/L. The dye concentration was
assessed using ultraviolet-visible spectroscopy at 620nm.

2.2. Synthesis and Characterization—UAESP. Egg shells were
collected and cleansed thoroughly in distilled water several
times to eliminate impurities. After that, the shells were
dried, crushed, and ground into a fine powder. The pow-
dered egg shells were sieved until the particle size was less
than 74 microns. A known quantity of derived powder is
mixed with a known volume of distilled water. The sample
was modified using an ultrasonication process. In an ultraso-
nicator (Sonic Materials Inc., Newtown, USA) to 500 rpm
and 24 kHz frequency, the solution mixture was agitated
for 1 hour. The sonicated mixture was filtered and dried
for 12 hours at 50°C. The resultant modified adsorbent pow-
der was termed ultrasonic-activated egg shell powder
(UAESP). The schematic diagram for the preparation of
UAESP was shown in Figure 1. FTIR (Perkin Elmer, FTIR
C100566, UK) analysis from 400 to 4000 cm-1 in ATR
(Attenuated Total Reflectance) mode was applied to investi-
gate the superficial functional moieties of UAESP. Scanning
electron microscopy (SEM) (Phenom-World BV, Eindho-
ven, Netherlands) has also been used to examine the mor-
phology of the sample before and after adsorption.
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2.3. Batch Experimental Studies. To check the coherence of
parameters influencing the adsorption process such as
adsorbent dosage (0.25–2 g/L), solution pH (2.0-10.0), con-
centration of MG dye (25–150mg/L), period (10–120min),
and process temperature (303–333K), a notable quantity
of prepared adsorbent is blended with desired concentra-
tions of aqueous MG dye solutions. Then, the mixture was
left for agitation in a shaker at 300 rpm speed, and other
parameters were kept constant. A known amount of sam-
ples was drawn out at regular time interludes, centrifuged,
and analyzed for leftover dye concentration by UV spectros-
copy analysis.

%removal of MGdye =
Ci − Cf

� �

Ci
× 100, ð1Þ

where Ci and Cf mean the concentration of MG dye (mg/L)
before and after adsorption.

2.4. Experimental Study of Isotherm Plot. For the analysis of
isotherm, experiments with MG dye concentrations (25–
150mg/L) with a known adsorbent dosage (1.5 g/L) were
performed at a consistent temperature (303K) and pH (8)
in a shaking incubator. Following the preordained time,
spent adsorbent was retrieved from the adsorption solutions
by centrifugation at 4000 rpm for 15min. Using UV spec-
troscopy analysis, analysis of supernatant for dye concentra-
tion was executed. The adsorbent adsorption capacity at
equilibrium was determined by the equation

qe =
Ci − Ceð ÞV

m
: ð2Þ

Here, qe signifies the equilibrium adsorption ability (mg/
g) and m and V are the mass of adsorbent (mg) and MG dye
solution volume (L).

The data from isotherm experiments would be fitting
with Freundlich, Langmuir, Temkin, and Sips model, and
parameter values were evaluated by fitting those isotherm
curves by MATLAB R2020a software. The isotherm equa-
tions are as follows:

Langmuir model [38]:

qe =
qmKLCe

1 + KLCe
: ð3Þ

Here, qm, KL, and qe denote Langmuir maximum adsorp-
tion ability (mg/g), energy constant of Langmuir isotherm,
and MG dye adsorbed per unit UAESP quantity (mg/g).

Freundlich isotherm [39]:

qe = KFC
1/2
e : ð4Þ

KF and n denote Freundlich constant (L/g) and its
exponent.

Sips model [40]:

qe =
KsC

βs
e

1 + αsC
1/βs
e

, ð5Þ

where Ks notes the adsorption capability of Sips isotherm
(mg/g) and βs denotes the Sips isotherm model exponent.

Temkin isotherm [41]:

qe =
RT
b

ln ACeð Þ: ð6Þ

Temkin isotherm constants are denoted by A and b.

2.5. Experimental Study of Kinetic Plot. Adsorption kinetic
studies can guesstimate the mechanism and rate of the
adsorption process. At time intervals ranging from 10 to
120min, the kinetic experiments were performed out under
optimal parameter conditions. In a shaking incubator, the
samples were agitated for varying amounts of time. The
supernatant was recovered through repeated centrifugation,
and the remnant absorbance was recorded using

Collection of egg shell

Drying

Crushing and grinding

Sieved to 74 microns

Sonicated egg shell powder

Filtered & dried for 12 hr at 50 °C

UAESP

Ultrasonication (500 rpm, 2 kHZ, 1 hr)

Figure 1: Schematic diagram for the preparation of UAESP.
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Figure 2: FTIR study of UAESP.
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spectrophotometry. The removal efficacy can be calculated
on the basis:

qt =
Ci − Ctð ÞV

m
: ð7Þ

Ct and qt represent the concentration of MG dye at a
specified time “t” and the amount of MG dye adsorbed per
unit quantity of UAESP.

Pseudofirst-order kinetics [42], pseudosecond-order
kinetics [43], and Elovich kinetics [44] are represented by
following equations:

qt = qe 1 − exp −k1tð Þð Þ, ð8Þ

qt =
q2ek2t
� �

1 + qek2tð Þ , ð9Þ

qt = 1 + βEð Þ ln 1 + αEβEtð Þ: ð10Þ
Rate constant of pseudofirst-order and pseudosecond-

order rate constant is denoted by k1 and k2, respectively.
Then, αE denotes the desorption constant (g/mg), and βE
denotes adsorption rate (mg/gmin).

2.6. Thermodynamic Studies. The nature and energy changes
in MG dye adsorption by UAESP can be projected by exper-
iments conducted at diverse temperatures extending from
303 to 333K. The results of these experiments are used to
calculate the parameters for instance ΔH0, ΔS0, and ΔG0

by equations:

ΔG° = −RT ln Kc, ð11Þ

Kc =
CAe

Ce
, ð12Þ

LogKc =
DS°

2:303R −
DH°

2:303RT , ð13Þ

where CAe, R, Kc, and T represent MG dye adsorbed onto
UAESP (mg/L), universal gas constant (8.314 J/Kmol), con-
stant of equilibrium, and temperature (K).

3. Experimental Outcomes

3.1. Characterization of Ultrasonicated Adsorbent. The FTIR
results interpret the existence of functional moieties on the
exterior of the UAESP. Figure 2 shows the FTIR results of
UAESP. Peak values at 2513 and 1794 cm-1 reveal the occur-
rence of aldehyde and carbonyl groups in the UAESP. The
peaks at 1394 and 1083 cm-1 allow the identification of other
functional groups such as phenol (O-H bend) and primary
amines with C-N stretch. A sharp 871 cm-1 peak indicates
C-O-O stretching in peroxides, and an absorption peak at
711 cm-1 predicts O-H out-of-plane bend. In particular,
FTIR analysis reveals the alcoholic, amino, phenolic, and
peroxide moieties in UAESP biomass. The inclusion of more
negatively charged groups in UAESP may form interlinkages
with positively charged malachite green dye, allowing for
easier removal from aqueous solutions.

Figures 3(a) and 3(b) illustrate the SEM characterization
of UAESP (ultrasonic-assisted egg shell powder) before and
after the MG dye adsorption process (b). Micrographic
images of UAESP reveal voids or spaces with conglomerated
masses. Before adsorption, the UAESP surface has porous
structures with uniform particle distribution and a smooth
surface. Following the MG dye adsorption method, micro-
graphs show numerous rough grooves on the adsorbent sur-
face, as well as the perishing of pores on the exterior of
UAESP. The before and after adsorption process results
show the alteration of porous structures in UAESP by MG
dye. Because the adsorption process is primarily determined
by surface characteristics, SEM characterization confirms
MG dye adsorption onto UAESP.

3.2. Impact of Parameters on MG Dye Adsorption

3.2.1. Adsorption Dosage. The percentage removal of MG
dye from studies performed with a dose of UAESP extending
from 0.25 to 2.0 g/L is depicted in Figure 4(a). UAESP dos-
age was escalated from 0.25 to 1.5 g/L; the removal percent-
age elevated because of constant accumulation of binding
locates by MG dye. The same removal was noticed after a
dosage of 1.5 g/L because of the overload of active locales
on the UAESP locates. Furthermore, the obscene quantity
of adsorbent to limited adsorbate, MG dye concentration,

(a) (b)

Figure 3: (a) SEM analysis—before adsorption. (b) SEM analysis—after adsorption.
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and the assemblage of locates, are the reasons for reduced
removal. For practical applications, the adsorbent dosage
must be fixed for larger effluent volumes. According to the
findings of this study, optimal UAESP dosage of 1.5 g/L is
effective in removing MG dye from aqueous solutions.

3.2.2. pH. The surface properties of the adsorbent can be
altered by pH, which is a significant factor in the adsorption
process. Experiments with pH ranging from 2.0 to 10.0 were
performed to estimate the pH effect on MG dye sorption, as
shown in Figure 4(b). The figure shows that MG dye sorp-
tion improved with pH values extending from 2.0 to 8.0.

The high reliance of MG sorption on functional group pro-
tonation and deprotonation makes the process more com-
patible with a suitable pH. Electrostatic interaction between
UAESP and MG dye molecules at alkaline pH range due to
the influence of highly negatively charged molecules.
Because of MG dye hydrolysis above that pH, the pH value
of 8.0 was optimal.

The pH at which the sorbent surface charge takes a zero
value is defined as the point of zero charge (pHpzc). At this
pH, the charge of the positive surface sites is equal to that of
the negative ones. The knowledge of pHpzc allows one to
hypothesize on the ionization of functional groups and their
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Figure 4: (a) Impact of adsorbent (UAESP) dosage on MG dye adsorption. (b) Impact of solution pH on MG dye adsorption. (c) Impact of
Initial MG dye concentration on MG dye adsorption. (d) Influence of contact time on the adsorption of MG dye. (e) Influence of
Temperature on the adsorption of MG dye.
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interaction with dye species in solution; at solution pHs
higher than pHpzc, sorbent surface is negatively charged
and could interact with dye positive species, while at pH
slower than pHpzc, solid surface is positively charged and
could interact with negative species.

3.2.3. Concentration of MG Dye. To find the impact of the
concentration of MG dye on sorption, studies with varied
ranges of 25 to 150mg/L were carried out, as shown in
Figure 4(c). At high MG dye concentrations, instantaneous
saturation of MG dye molecules on the UAESP surface
resulted in a lower percentage removal. Even though the
dye concentration increases, the fixed UAESP dosage has
a limited number of active locations. When the adsorbent-
to-dye dosage ratio is low, high energy sites are saturated,
and removal decreases due to low energy adsorption sites.
Moreover, at high concentrations, mass transfer resistance
between UAESP and MG dye molecules induces the resis-
tance driving force, which influences the process. UAESP
detected maximum sorption at an MG concentration of
25mg/L.

3.2.4. Contact Time. At an adsorbent dosage of 1.5 g/L, the
concentration of MG -25mg/L, and a solution pH of 8.0,
the impact of contact time was investigated over 10 minutes
to 120 minutes, the results of which are shown in
Figure 4(d). The increased likelihood of dye molecule colli-
sion with UAESP surface improves the sorption process.
Also, the adsorption process continues until the system
attains equilibrium. As a result, adsorption was rapid, and
after 90 minutes, removal was at its peak and remained con-
sistent. Because the exterior located on the UAESP surfaces
are completely engaged by MG dye molecules. This process
is also aided by fewer adsorbent sites and a higher dye con-
centration. In subsequent time intervals, adsorbent mole-
cules repel each other, slowing the adsorption process. The
operation time of 90min is ideal for current MG dye adsorp-
tion by UAESP.

3.2.5. Temperature. The impact of temperature on MG
adsorption onto UAESP is displayed in Figure 4(e). With
increased temperature, the removal percentage of MG dye
was originated to decrease. At higher temperatures, the
superficial activity of the adsorbent decreases. Also, adsor-
bent requires more energy to be stable in a liquid medium

for a prolonged period which alters the balance in the sorp-
tion technique. The vapor pressure in the adsorption system
raises, and adsorbent density gradually diminishes that also
affects the biosorption process. This result signifies the exo-
thermic nature and low-temperature favourness of adsorp-
tion system. The highest percentage removal of MG dye
was experimental at a temperature of 303K.

3.3. Isotherm Modeling. Adsorption isotherm models are
critical in ascertaining the mechanism of interaction of
UAESP with MG dye and the sorption capability of UAESP.
The correlation of equilibrium curves is critical in the design
of improved and optimised adsorption systems. Table 1
summarises the values of isotherm parameters and their cor-
responding goodness of fit obtained from the studies.
Figure 5(a) illustrates the isotherm fit for MG dye adsorption
onto UAESP.

The adsorption mechanism is likely to be electrostatic
interaction between negatively charged surface and the cat-
ionic dye molecules. Adsorption isotherm gives us valuable
information regarding the adsorbate–adsorbent interaction.
A few of the most common isotherms models like Freun-
dlich isotherm, Langmuir isotherm, and Temkin isotherm
are developed by taking into consideration the effects of
adsorbate–adsorbent interactions, and it is based on the
assumption that heat of adsorption of all molecules in the
layer decreases linearly as surface coverage increases. The
increase in initial dye concentration equals the increase in
the total amount of dye molecules in the fixed solution vol-
ume and adsorbent mass. Thus, more adsorbates could bind
to the active sites on the adsorbent at higher dye concentra-
tion, resulting in higher adsorption capacities.

The Langmuir isotherm, which describes the homoge-
neous adsorption system, does not provide the best fitting
results for the current study. The Langmuir isotherm’s
monolayer adsorption ability was estimated to be 64.58mg/
g. The Temkin model, which assumes a larger surface cover-
age area with linear adsorption heat diminishment, also did
not fit the current system. It is applicable at higher adsorbate
concentrations in the case of the sips isotherm. At lower
bioadsorbate concentrations, the Freundlich equation can
be used instead of the sips isotherm. The Freundlich iso-
therm model, which describes the multilayer interaction of
adsorbent with sorbate molecules, applies to surfaces with
heterogeneous distribution. Higher R2 values (R2—0.9919)

Table 1: Isotherm parameters and their goodness of fit for MG dye adsorption onto ultrasonic-assisted egg shell (UAESP).

S. no. Models Parameters R2 SSE RMSE

1 Langmuir
qm(mg/g) KL(L/mg)

0.9331 2.19 5.454
64.58 0.4104

2 Freundlich
n(g/L) KF((mg/g) (L/mg)(1/n))

0.9919 1.04 1.97
3.974 20.19

3 Temkin
AT(L/g) B(J/Mol)

0.9052 2.68 5.805
3.9 5.544

4 Sips
Ks(L/g) αs βs

0.9881 1.15 2.299
25.28 5.033 0.2514
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Figure 5: (a) Isotherm fit for the adsorption of MG dye onto UAES. (b) Kinetic fit for the adsorption of MG dye onto UAES. (c)
Thermodynamic study for the adsorption of MG dye onto UAES.

Table 2: Assessment of qm value of UAESP with the previously used materials for MG dye adsorption.

S. no. Adsorbent
Optimum conditions

Best fitted
model

Adsorption capacity
(qm) (mg/g)

ReferencesTime
(min)

Dosage
(g/L)

Temperature
(K)

1 CNF aerogel 40 2.5 — Langmuir 212.7 [45]

2 Opuntia ficusindica 120 4.0 298 Langmuir 200.1 [46]

3 Wood apple shell (WAS) 210 0.05 299 Langmuir 80.645 [21]

4
Ultrasonic-assisted egg shell

powder (UAESP)
90 1.5 303 Freundlich 64.58 This study

5 Functionalized Zea Mays Cob (FZMC) 120 — 298 Freundlich 64.52 [47]

6 Zingiber officinale (ginger) leaves 120 0.4 — Langmuir 48.91 [48]

7
Sulfur-treated tapioca peel

biochar
120 2.0 — Langmuir 30.18 [49]

8 Cd(OH)2-NW-AC 50 0.6 298 Langmuir 19.0 [50]

9 Chitosan-ZnO composite 180 6.0 293 Langmuir 11.0 [51]

10 Pinus patula biochar 60 6.0 — — 9.8 [52]

11 Brewers’ spent grain (BSG) 20 6.0 296 Langmuir 2.55 [53]

Table 3: Kinetics parameters for MG dye adsorption onto UAESP.

S. no. Models Parameters
Initial MG dye concentration (mg/L)

25 50 75 100 125 150

qe(exp) 32.86 62.59 82.38 123.97 145.64 161.25

1 Pseudofirst order

qe(mg/g) 32.91 63.43 83.97 125.5 149.1 166.9

k1(min-1) 0.0408 0.0396 0.0348 0.0316 0.0315 0.0312

R2 0.971 0.9696 0.9723 0.9772 0.9759 0.9829

2 Pseudosecond order

qe(mg/g) 39.18 76.04 103.1 157 187.7 212

k2(g/mgmin) 0.0013 0.0006 0.0004 0.0002 0.0002 0.0001

R2 0.9596 0.9636 0.9678 0.9729 0.9695 0.9763

3 Elovich

αE 0.1666 0.0628 0.0276 0.0126 0.0096 0.0074

βE 2.722 6.385 9.74 16.18 19.85 23.13

R2 0.92 0.9324 0.9467 0.9568 0.9624 0.9617
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and lower error values (SSE—1.04 and RMSE—1.97) of
experimental data were in better agreement with the Freun-
dlich isotherm. In general, KF values indicate the sorption
capacity of an adsorbent. Higher KF values in this context
represent the greater multilayer sorption ability of the syn-
thesised novel adsorbent—UAESP. The value n = 3:974,
which is greater than one, indicates that the physical nature
of the sorption technique is favorable. The capacity of
UAESP adsorbent with other previous adsorbents was com-
pared and shown in Table 2. It inferred better bioadsorption
capacity relative to most adsorbents.

3.4. Kinetic Modeling. The rate of adsorbent UAESP uptake
and the residence time of adsorption can be predicted by
kinetic investigation. Statistical parameters of the kinetic
were acquired from experiments and are represented in
Table 3. The kinetic fit for MG dye adsorption onto UAESP
was shown in Figure 5(b). From the investigation, kinetics of
MG dye removal by UAESP represented the finest fitting
with pseudosecond order. The model parameters R2 value
was greater with pseudofirst-order kinetics compared to
other models. The experimental value of adsorption ability
qe was originated to be in adjacent correlation with theoret-
ical qe value in case pseudofirst-order kinetics. This expli-
cates the physically controlled nature of adsorption
process. Also, the rate of sorption process diminishes with
high concentration of MG dye owing to its high binding site
competition in the UAESP surface, and low concentration
avails the maximum active sites for MG molecules to bind.
The preference of hydrogen bonds with van der Waals forces
was evident from physical attributes of current MG dye
sorption.

3.5. Thermodynamic Study. Thermodynamic parameters are
also significant in assessing the adsorption mechanism of the
current system. The thermodynamic variables—enthalpy
and entropy alteration (ΔH° and ΔS°)—were calculated
using a plot between log Kc and 1/T , as shown in
Figure 5(c). Table 4 shows the experimentally determined
thermodynamic study parameters. The presence of exother-
mic properties in the MG dye adsorption process is inferred
by the negative ΔH° values. As the adsorbate becomes
trapped on the surface of the UAESP, the randomness and
movement of molecules in the solid-liquid interface system
decreases, resulting in negative entropy (ΔS°) values. The
reduced change in Gibb’s free energy values with increasing
temperature confirms the process’s feasibility and spontane-

ity. Furthermore, the ΔG° values range from -20 to 0 kJ/mol,
explaining the physisorption MG dye removal process. Pre-
cisely, the exothermic, physisorption, feasibility, and sponta-
neity of MG dye adsorption onto UAESP have been
interpreted from thermodynamic experiments.

4. Conclusion

In this research study, ultrasonically activated egg shell pow-
der has been investigated for its adsorption properties for
MG dye removal. The characterization analysis—SEM and
FTIR—revealed that ultrasonic-activated egg shell powder
has better porous properties and groups. Batch experiments
revealed that optimal adsorption occurred at a solution pH
of 8.0, a UAESP dosage of 1.5 g/L for a concentration of
MG dye -25mg/L, a temperature of 30°C, and an interaction
time of 90 minutes. Pseudosecond-order and Freundlich
model best designate the kinetics and isotherm of the
adsorption system. Thermodynamic conducts disclose the
process’s spontaneous and exothermic nature. As a result,
ultrasonic-activated egg shell powder is a low-cost and effec-
tive adsorbent for dye removal from synthetic solutions.
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