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Introduction

Environmental pollution is a global issue
described as introducing foreign chemicals or
energy ecosystems, disturbing the
equilibrium, and endangering living species [1].
Water, air, soil, and biological pollution are the
most common forms, and heavy metals,
synthetic colors, pesticides, and toxic, non-
biodegradable pharmaceutical
significant sources of concern [2,3]. Several
techniques have been developed for preventing
pollution, including membrane filtration,
adsorption, coagulation, precipitation,
oxidation. Adsorption is deemed better among
these approaches due to its low cost, simple
procedure, possible regeneration, and high
effectiveness in pollutant removal [4,5]. One
effective adsorbent is hydroxyapatite (HAp),
which is known for its thermal stability,
biocompatibility, and high adsorption capacity
for heavy metals and organic substances. HAp

into

residues are

and

can be
friendly natural materials, including calcium-
rich sources such as eggshells [6], mussel shells
[7], blood cockle shells [8], and cuttlefish bones
[9]. Additionally, gonggong shells
(Laevistrombus canarium.) hold potential as

synthesized from environmentally

precursors for HAp synthesis and can enhance
the economic value of these shells. Despite HAp's
promising performance as an adsorbent, its high
surface reactivity often to particle
agglomeration in solution, which reduces both
the active surface area and the adsorption
efficiency for pollutants [10]. To address this

leads

limitation, modifications were made by
combining HAp with polymers, such as
polyethylene glycol (PEG). PEG is a

biocompatible, flexible, hydrophilic, and non-
toxic polymer. It enhances the porosity,
dispersibility, and mechanical stability of
composite materials. However, PEG has the
drawback of thermal conductivity.
Therefore, combining PEG with HAp aims to
merge the advantages of both materials,
resulting in a composite that has the potential to
be used as an adsorbent material with high
porosity and surface area [11]. Prior research

low

of a
hydroxyapatite/chitosan  composite, which
improved the adsorption efficiency of
rhodamine B dye [12]. The optimal ratio for
forming the HAp/PEG composite is 70:30,
balancing the adsorption capacity of HAp with
the mechanical properties of PEG. Previous
studies by Jamarun, Trycahyani, et al. (2023)

showed successful in-situ synthesis
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demonstrated that using calcium oxide derived
from blood clam shells produced a 70:30
HAp/PEG composite with nano-sized crystals,
needle-like morphology, and an ideal calcium-to-
phosphorus (Ca/P) ratio, showing excellent
degradation and stability performance [13].

Recent studies have explored using biomass
waste and natural materials as precursors for
environmentally  friendly = materials in
adsorption and catalysis applications. For
instance, activated carbon synthesized from
husks  through  hydrothermal
carbonization demonstrates high adsorption
activity for methylene blue [14].

Biomass-based catalysts
eggshells and palm kernel shells have also been
employed in biodiesel production [15].

Active biochar obtained from pine waste has
also proven effective in adsorbing cationic and
anionic dyes, accompanied by a thorough
analysis of its adsorption behavior and
thermodynamic properties [16].

The efficacy of metal oxide-based materials
and nanocomposites, such as CuO-Fe;03; and
rGO/Fe304/Sn0;, has been demonstrated in the
removal of dye pollutants from aqueous
solutions [17,18]. These findings highlight the
need to develop hydroxyapatite
(HAp)/polyethylene glycol (PEG) composites
based on conch shell waste as efficient and
sustainable adsorbents for removing Rhodamine
B from liquid waste. Thus, the objective of this
study is to explore the synthesis
characterization of HAp/PEG 70:30 composites
derived from natural gonggong shell precursors
and to evaluate their potential as adsorbents for

coconut

derived from

urgent

and

Rhodamine B (RhB) with superior performance,
aiming to develop an environmentally friendly
alternative in waste treatment technology. Thus,
the objective of this study is to explore the
synthesis and characterization of HAp/PEG
70:30 derived
gonggong shell precursors and to evaluate their

composites from natural

potential as adsorbents for Rhodamine B (RhB)
with superior performance, aiming to develop an
environmentally friendly alternative in waste
treatment technology.

Experimental
Materials

The material used in this study was gonggong
clam shells (Laevistrombus canarium), which
were
Tanjungpinang, Riau Islands. Chemicals such as
diammonium hydrogen phosphate
((NH4).HPO4), acetic acid (CH3COOH 100%),
ammonium hydroxide (NH4OH 25%), sodium
hydroxide (NaOH), and Rhodamine B were
purchased from Merck. Additionally, phosphate
and carbonate buffer solutions were used to
regulate the pH, while deionized (DI) water was
used as a solvent.

obtained from a local market in

Methods
Preparation of calcined powder

The gonggong shell is cleaned with deionized
water and dried at 105 °C for 24 hours. After
drying, the shell is ground and calcined at 900 °C
for 5 hours to produce calcium oxide (CaO). The
chemical reaction during the calcination process
is displayed in the following chemical reaction

(1) [19].
CaCO3+ heat - CaO + CO, (D
Synthesis of HAp/PEG composite

HAp/PEG composites were synthesized with
a composition ratio of 70:30 using the method
detailed in the previous study [20]. Initially, 2
grams of CaO powder were weighed and
dissolved in 71.4 mL of 1M CH3COOH solution.
The resulting solution was filtered, and dropwise
additions of 118 mL of 0.18 M (NH4):HPO4
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solution were made until a Ca/P molar ratio of
1.67 was achieved. Next, 1.536 grams of PEG
were weighed and dissolved in 30 mL of
deionized water before being gradually added to
the mixture until it became homogeneous. The
pH of the mixture was then adjusted to 11 using
a 25% NH4O0H solution and stirred for 3 hours at
65 °C. Finally, the resulting HAp/PEG sol was
filtered, dried at 110 °C for 5 hours, and the final
product was labeled HAp/PEG.

Characterization

Characterization of HAp/PEG composites
includes analysis of elemental composition,
functional groups, crystallinity, specific surface
area, and morphology. The composition of
calcined gongong shell was analyzed using X-ray
fluorescence spectroscopy (XRF, PANalytical
Epsilon 3). Functional groups were analyzed
using a Fourier Transform Infrared (FT-IR
Spectrometer PerkinElmer) in the 4,000-500 cm-
1 wavelength range. Crystallinity was tested with
an X-Ray Diffractometer (XRD, PANanalytical
X'Pert PRO-MPD PW3040/60) at an angle of 26
= 10-90°, while crystal size was calculated using
the Scherrer equation. The surface area was
determined through the N; adsorption-
desorption method using a Brunauer-Emmett-
Teller (BET, Quantachrome NOVA 800)
instrument. Morphological and
composition analysis was performed using Field
Emission Scanning Electron Microscopy
equipped with Energy Dispersive Spectroscopy
(FESEM-EDS, Thermo Fisher Quattro S). In
addition, the concentration of Rhodamine B
before and after contact with the HAp/PEG
composite was measured using a UV-Vis
(Genesys 20 Thermo

elemental

Spectrophotometer
Scientific).

Determination of pHpzc

The solid addition method determined the
zero-charge point (pHpz.). 0.1 g of HAp/PEG
composite powder was added to 10 mL of 0.01 M
NaCl solution. The solution's initial pH (pH;i) was
adjusted using 0.1 M NaOH or HCI solution. The
mixture was then stirred for 24 hours,
centrifuged, and the final pH (pHf) was
measured. The pHp,. value was obtained from
the relationship between ApH and pH; [21].

Batch adsorption studies

The HAp/PEG composite was tested for
Rhodamine B adsorption by introducing 0.1 g of
composite into 10 mL of dye solution with an
initial concentration of 4 mg/L, at pH values
ranging from 6 to 11. The pH of the solution was
adjusted using 0.1 M NaOH or 0.1 M HCI, with
buffer solution employed as a stabilizer. The
influence of adsorbent dosage was examined at
0.05, 0.1, 0.15, 0.2, and 0.25 g, while the effect of
contact time was studied at 30, 60, 90, 120, and
150 minutes under constant stirring at 250 rpm.
Variations in initial dye concentration were
investigated within the range of 4-100 mg/L. The
residual RhB concentration in the filtrate was
analyzed using a UV-Vis spectrophotometer at
the maximum wavelength of 553 nm. The
adsorption capacity of the composite was
calculated using Equation (2), while the
percentage of RhB removal was obtained by
Equation (3). The adsorption mechanism was
further evaluated through isotherm and kinetic
studies, where equilibrium data were fitted to
the Langmuir and the Freundlich models, and
kinetic data were analyzed using the pseudo-
first-order and pseudo-second-order models.

Co-Ce
W

Adsorption capacity (qe) = xV 2)

CO'Ce
Percent removal of RhB (%R) =

x 100 (3)
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Where, Co and C. represent the initial and
equilibrium concentrations of RhB (mg/L),
respectively; V denotes the volume of the
solution (L); W is the mass of the adsorbent (g);
ge represents the adsorption capacity (mg/g);
and %R indicates the percentage of RhB removal.

Reusability study

The HAp/PEG composite regeneration after
Rhodamine B adsorption was carried out using a
0.1 M NaOH eluent. 0.15 g of the composite was
introduced into 10 mL of a 20 mg/L RhB solution
at pH 11, adjusted with buffer, and stirred for
120 minutes at 250 rpm under room
temperature  conditions. The  produced
precipitate was centrifuged and dried.
Subsequently, the dried precipitate was
immersed in 10 mL of 0.1 M NaOH solution and
treated under the same conditions as the
adsorption process to release the bound RhB.
Following desorption, the precipitate was
washed with distilled water until neutrality was
achieved, and then dried again for use in the
subsequent regeneration cycle. This adsorption-
desorption process was repeated multiple times
to evaluate the stability and reusability of the
HAp/PEG composite.

Results and Discussion
Elemental composition

The elemental composition study of a calcined
gonggong shell is shown in Table 1. Calcined
gonggong shell powder has calcium as the
dominant, followed by silica (Si), aluminum (Al),
and phosphorus (P). The high
concentration supports the appropriateness of
gonggong shell as a natural precursor for the
synthesis of hydroxyapatite, which is consistent

calcium

with earlier studies on bamboo shells, which also
found calcium to be its main component [22].

Table 1. The X-ray fluorescence of Gonggong

shell
Compounds Composition (%)
CaO 95.089
P20s 1.014
Al203 0.447
SiO2 0.163
Others 3.287

Vibrational results

The FTIR spectrum of the HAp/PEG
composite is shown in Figure 1, confirming the
presence of characteristic functional groups
from both components. The broad absorption
band at 3,433 cm! indicates the stretching
vibration of the -OH group originating from HAp
and PEG. The phosphate group (P043-) is marked
by sharp peaks at 564 cm-! (bending vibration),
602 cm! (symmetric stretching), and 1,036 cm!
(symmetric stretching) [19]. Additionally, the
characteristic band of PEG is detected at 1,455
cm! associated with the C-H group. The absence
of clear absorption bands from the C=0 and C-0
groups in this spectrum is likely due to the low
concentration of PEG and overlap with the
phosphate band of HAp, indicating a strong
interaction between PEG and HAp [23]. This is
reinforced by the report from Azzaoui et al.
(2023), which states that the dissolution of PEG
in water produces PEG-OH, which is capable of
coordinating with Ca?+ and PO43- ions, thereby
supporting the formation of a stable HAp/PEG
composite structure [11].

Crystallographic result

Figure 2 presents the XRD spectrum of the
HAp/PEG composite. The diffraction pattern
reveals sharp peaks, indicating a high HAp
crystallinity degree. The characteristic positions
are observed at 20 values of 25.92°, 29.40°,
31.74°,32.25°,34.08° 39.40°,46.72°,49.51°, and
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Figure 1. FT-IR spectrum of HAp/PEG composite
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Figure 2. XRD patterns of (a) standard Hap and (b)
HAp/PEG composite

53.29°, which correspond to the ICSD
standard #157481.
These results confirm that HAp is formed in a

hexagonal structure with an average crystallite

size of 31.64 nm, as calculated using the Scherrer
equation. Additionally, a weak peak at 23.2°
indicates the presence of PEG, but it does not
interfere with the HAp crystal structure [8]. PEG
regulates HAp crystal growth by inhibiting the
release of Ca2* slowing crystal
nucleation, resulting in relatively larger
crystallite sizes [24]. This finding is consistent
with other reports suggesting that compositing
HAp with polymers, such as alginate, also
modifies crystallite size, with pure HAp having a
smaller size than composite HAp [22].

The high crystallinity and phase purity
achieved significantly contribute to structural
stability and the availability of active sites, which
are crucial for practical adsorption applications
[25].

ions and

Morphology results

Figure 3 shows FESEM images of HAp/PEG
composites, revealing irregular morphology
with particle sizes varying from small to large
(Figure 3a). Further magnification reveals a fine
pore network formed due to the interaction of
PEG with HAp, where PEG molecules surround
Ca** ions, thereby reducing the tendency for
crystal agglomeration and resulting in a better
pore distribution [23]. These delicate pores are
important for increasing the specific surface area
and enlarging the capacity to trap pollutant
molecules, thereby strengthening the potential
for adsorption applications [26].

EDS analysis (Figure 3b) shows the main
elements that make up hydroxyapatite (Ca, P,
and O) and the C element from PEG. The Ca/P
ratio of the composite was obtained as 1.85,
which is higher than the stoichiometric ratio of
pure HAp (1.67), indicating the success of HAp
compositing with PEG [8].
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Figure 3. (a) SEM images of the HAp/PEG 70:30 composite observed at magnifications of 1,000 (left) and
8,000 (right), (b) EDS spectrum of the HAp/PEG composite

200 =
= L0.015
~—~ \ >
o “ =
> 1604 & #. L0.010E
e @ 3
o 1S =
N2 E 5 h.”‘ L0.0052
o S 2
L 1204 ¢ > . ©
X 5 L0.000
o ————
3 0 20 40 60 80
s 80« Pore width (nm)
2
2
g 40
=g AdsOrption
0= === Desorption

00 02 04 06 08 10
Relative pressure (P/P)

Figure 4. BET specific surface area (pore size distribution and pore volume inset) measured from N2
adsorption-desorption isotherms on HAp/PEG composites
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BET analysis

Figure 4 shows the results of the BET analysis
of the HAp/PEG composite with a specific
surface area of 73.001 m?/g, pore volume of
0.285 cm3/g, and average pore size of 12.11 nm.
The nitrogen adsorption-desorption isotherm
follows type 1V, indicating mesoporous
characteristics. The surface area value is
relatively large compared to previous reports
[24]. A large surface area provides significant
advantages, as it can increase the adsorption
capacity of materials toward pollutants [27].

Batch mode adsorption studies
Determination of pHpzc

pHpze is an important parameter in
understanding the properties of adsorbent
surfaces because it determines the interaction
between the material surface and the adsorbate
molecules. An adsorbent surface with a balance
of positive and negative charges (zero charge
point) is shown in Figure 5. Based on the results

4

3. \

~ - ®

T 2 \

o e PH,.=614

I"' 1 - \

& o;‘

%- O -

T 4 4 6 8\ 10 o
) .\.
-3

pH.

Figure 5. Point of zero charge of HAp/PEG
composite

of the ApH curve against pH;, the pHp,c value of
the HAp/PEG composite was obtained to be 6.14.
When the pH of the solution is higher than the
pHpzc value, the adsorbent surface is negatively
charged, while at pH conditions lower than pHp,,
the surface tends to be positively charged [28].

This explains that cationic RhB dye interacts
more easily with the surface of the HAp/PEG
composite at pH conditions above pHp,, thereby
increasing the adsorption capacity. In contrast,
at pH conditions below 6.14, the positive charge
on the adsorbent surface is not favorable for the
adsorption of anionic molecules [21,29].

Effect of pH

The pH of the solution plays an important role
in the dye removal process [30]. Based on the
pHpzc determination results, the HAp/PEG
composite was more effective at absorbing
Rhodamine B (RhB) at a pH above 6.14. Figure 6
shows that the efficiency of RhB removal
increased with an increase in solution pH, with
an optimum value achieved at pH 11 of 88.08%
and an adsorption capacity of 0.3523 mg/g.
These optimal conditions were obtained using
10 mL of RhB solution with a concentration of 4
ppm, 0.1 g of HAp/PEG composite mass, a
stirring speed of 250 rpm, and a contact time of
60 minutes. The increase in removal percentage
was in line with the increase in adsorption
capacity, as reported in previous studies [31,32].
at pH above 11,
decolorization occurred due to RhB degradation
before adding the adsorbent. The dominant
interaction mechanism is the electrostatic force
between the negatively charged active sites on
the surface of the HAp/PEG composite and the
positively charged RhB molecules [33].

However, spontaneous
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Figure 6. Effect of pH on RhB dye adsorption
Effect of adsorben dosage

The adsorbent dose is important for
providing an adequate number of active sites
and surface area for adsorption [34]. The
variation in the dosage of HAp/PEG composite
for the removal of Rhodamine B (RhB) was
studied in the range of 0.05-0.25 g with fixed
parameters of RhB concentration at 4 mg/L, pH
11, solution volume of 10 mL, contact time of 60
minutes, and stirring speed of 250 rpm.

The results showed that the optimum dose
was achieved at 0.15 g with a removal
percentage of 91.25% and an adsorption
capacity of 0.2433 mg/g (Figure 7). Increasing
the adsorbent dose to the optimum point
increased the number of active sites, thereby
enhancing the chance of interaction between
RhB and the composite surface [35]. However,
adding doses above 0.15 g reduced adsorption
capacity due to particle agglomeration and
overlap between active sites [36]. These findings
confirm that selecting the optimal dose is crucial
for obtaining the

maximum adsorption

performance while maintaining material usage
efficiency.

Effect of RhB dye concentration

The initial concentration of the dye is an
important factor in evaluating the maximum
capacity of the adsorbent to absorb dye
molecules [37]. Variations in RhB concentration
were studied in the range of 4-100 mg/L with
other conditions held constant.

100

Removal (%0)

20

0.05 0.10 0.15 0.20 0.25
Adsorben dosage (g)

Figure 7. Effect of adsorben dosage on RhB dye
adsorption

The results showed that the optimum
concentration was achieved at 20 mg/L with a
removal rate of 92.94% and an adsorption
capacity of 1.2391 mg/g (Figure 8). RhB
molecules adsorbed at
concentrations efficiently because the number of
available active sites on the HAp/PEG composite
is still sufficient. high
concentrations, RhB molecules compete to
occupy adsorption sites, resulting in saturation
and decreased removal efficiency [38].

can be low

Conversely, at
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Effect of contact time

Contact time is an important parameter in
determining the equilibrium of the adsorption
between the adsorbent and the
[32].
variation of 30-120 minutes was used to

process
adsorbate molecule A contact time
examine the performance of the HAp/PEG
in absorbing RhB, with other
conditions remaining constant. The adsorption
capacity increased with time, reaching an
optimum condition at 120 minutes with a
capacity of 1.2423 mg/g and a removal rate of
93.17% (Figure 9).

The significant increase in the early minutes

composite

was due to the abundance of active sites.
However, after 120 minutes, the adsorption rate
decreased, indicating that most active sites were
saturated and the system was approaching
equilibrium [2]. These findings confirm that
contact time is important in ensuring adsorption
effectiveness and material composite efficiency
[39].

100

Removal (%0)
s 8 &

N
o

0 20 40 60 80 100
RhB dye concentration (mg/L)

Figure 8. Effect of the initial concentration of RhB
dye on adsorption by HAp/PEG composite

Removal (%0)
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90 120 150

Figure 9. Effect contact time on RhB dye adsorption
Adsorption Isotherm

Adsorption isotherm studies provide
information about the interaction between the
adsorbent and the adsorbate. Based on data on
the effect of initial RhB concentration variation,
the type of isotherm can be plotted and analyzed.
The experimental data were evaluated using two
commonly used adsorption isotherm models, the
Langmuir and the Freundlich models. According
to the Langmuir model, adsorption between
adsorbent and adsorbate occurs at a
homogeneous site with the formation of a

monolayer, as stated in Equation 4 [40]:

C 1 C
oot Q
9. Kaq, g,
According to the Freundlich model,
adsorption takes place on heterogeneous

surfaces and is reversible, resulting in the
formation of multilayer layers, as expressed in
Equation 5:

1
logq, =log K + Hlog Ce (5)



Eco-Friendly Waste-to-Resource ...

382

In the presented model, Kr (mg/g) is the
Freundlich constant and 1/n indicates the
surface heterogeneity factor. All constants and
correlation coefficients obtained from the two
isotherm models are summarized in Figure 10
and Table 2. The analysis results show that the
Langmuir isotherm has a higher R? value than
the Freundlich isotherm. This indicates that the
adsorption process of RhB by the HAp/PEG
composite tends to follow the Langmuir model,
which occurs in a monolayer. This mechanism
occurs through the interaction of the -OH group
on the surface of the HAp/PEG composite with
the cationic part of the RhB molecule [41].
Additionally, the equilibrium factor (Ry) analysis
results show that the adsorption process is
favorable, with an Ry value of 0.821. Similar
studies have been reported for the adsorption
isotherm of RhB dye on various adsorbents that
follow the Langmuir isotherm model [32,42,43].

Adsorption Kinetics

Adsorption kinetics aims to identify a suitable
model for characterizing the adsorption process,
so that it can be determined whether the
interaction between the adsorbent and
adsorbate occurs through a chemical mechanism
(chemisorption) or a physical mechanism
(physisorption) (Rich et al,, 2021). Kinetic data
were obtained from experiments with varying
contact times and analyzed using two models,
namely the first-order pseudo model and the
second-order pseudo model.

The first-order pseudo model is expressed in

Equation 6 [40]:
In (q,-q,) =In q -kt (6)

Where, ki (mint) is the pseudo-first-order
rate constant, qc (mg/g) and q: (mg/g) are the
adsorption capacities at equilibrium and at each
time t (min), respectively.

y =0.3134x + 5.7266
R?=0.7215

Celqge

0 10 20 30 40 50 60
Ce

y=0.5121x - 1.1624
R?=0.5910

o 1 2 3 4
In(Ce)

Figure 10. Langmuir isotherm (a) Freundlich
isotherm for adsorption of RhB dye

Table 2. Langmuir and Freundlich parameters for
adsorption of RhB onto HAp/PEG composite

Langmuir Freundlich
Qm KL RL R2 Kr n R2
(mg/ (L/m (mg/
g g g

319 005 08 072 006 19 059
47 21 15 88 52 10
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Additionally, the pseudo second-order model
is expressed in Equation 7:

t_ 1,1, -
= + —
q, k.92 q,

Where, k; (g/mg.min) is the pseudo-second-
order rate constant.

Based on Figure 11 and Table 3, the second-
order pseudo model shows a higher R? value
than the first-order pseudo model. This result
indicates that the adsorption mechanism is
controlled by chemisorption, where electrostatic
interactions occur between charged groups on
the surface of the HAp/PEG composite and RhB
molecules. The calculated ge value (qe, cal) is in
line with the experimental value (qeexp),
thereby reinforcing the suitability of the pseudo-
second-order model for the experimental data.
This finding is consistent with previous reports
on RhB adsorption on various adsorbents that

follow the pseudo-second-order model
[12,30,32].
The regeneration process of HAp/PEG

composites is an important aspect for evaluating
their long-term usability. This study tested
HAp/PEG  composites  through
adsorption-desorption cycles. The desorption
process was performed by contacting the
composites with 10 mL of NaOH solution (0.1 M)
for 120 minutes. NaOH was chosen as the eluent
based on its basic properties, which can break
the bonds between the HAp/PEG composite and
RhB molecules, allowing the dye molecules to be
released again [44]. The reuse performance of

several

the HAp/PEG composite is shown in Figure 12.
The results indicate that the composite remains
efficient in removing RhB after four regeneration
cycles, with removal percentages of 96.08%,

y = -0.0005x - 0.762
R?=0.0018

In(ge-qt)

30 60 90 120 150
t (min)
180
160 = b) ]
1404 'y = 0.8781x + 13.859
o 120 o R*=0.8969
S 100 =
80 o
60 o
40
] ] ] ] ]
30 60 90 120 150
t (min)

Figure 11. Pseudo-first order kinetics (a) Pseudo-
second order kinetics and (b) of HAp/PEG composite

Table 3. Kinetic data predicted by pseudo-first order
and pseudo second order kinetic models for the
adsorption of RhB onto HAp/PEG composite

Pseudo-Frist Order Pseudo-Second

Order
Je-€X (ecCa k1 R2 ge,Ca k2 R2
p 1 (min 1 (min
(mg/ (mg/ ) (mg/ 1)
g g g)
1.24 046 0.00 0.00 1.13 0.05 0.89

00 70 04 18 9 56 69
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Figure 12. The removal efficiency of RhB dye by the HAp/PEG composite at different regeneration cycles

Figure 13. Possible mechanism of RhB adsorption onto HAp/PEG composite

88.03%, 79.52%, and 50.75%, respectively.
These findings demonstrate that the HAp/PEG
Regeneration composite has good regeneration
capabilities and holds the potential to be an
effective adsorbent material for repeated
applications in the removal of organic pollutants
from aquatic environments.

Adsorption mechanism

Based on the HAp/PEG composite
characterization results and its application in the

adsorption process of RhB dye, the possible
adsorption mechanism can be explained as
follows. As illustrated in Figure 13, FTIR
that  HAp/PEG
composites are rich in -OH, PO43, and C-H
functional groups that facilitate bonding with
RhB molecules. XRD results
crystallinity of HAp/PEG composites, which
potentially supports bonding with RhB
molecules. Additionally, the high specific surface
area and smooth particle morphology increase

characterization shows

confirm the
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the contact between the composite and RhB
molecules, thereby enhancing adsorption
interactions. The RhB structure has positively
charged N* groups that can interact with
negatively charged sites on the adsorbent
surface. Isotherm and adsorption Kinetics
analyses support this mechanism, showing the
formation of a monolayer and a tendency for
chemisorption interactions. Therefore, the
mechanism of RhB adsorption by the HAp/PEG
composite can involve electrostatic interactions,
hydrogen bonding, and adsorption through pore
filling.

Conclusion

This study demonstrates that gonggong shell
(Laevistrombus canarium) has the
potential to serve as a natural source of calcium
precursors for the synthesis of
hydroxyapatite/polyethylene glycol (HAp/PEG)
composites using the in-situ sol-gel method. The
resulting composite exhibits characteristic
functional groups and crystallinity that meets
the standards of ICSD#157481, along with an
irregular spherical morphology and a high
specific surface area. In adsorbing Rhodamine B
(RhB) dye, optimal conditions were identified at
pH 11, an adsorbent mass of 0.15 g, an initial
concentration of 20 mg/L, and a contact time of
120 minutes. The adsorption process adheres to
the Langmuir isotherm model, indicating
monolayer formation, and follows pseudo-
second-order kinetics. The main adsorption
mechanisms hydrogen bonding,
electrostatic interactions, and pore filling.
Additionally, the HAp/PEG composite displayed
the ability to regenerate up to four cycles

waste

include

without significant performance loss. These
findings confirm that the HAp/PEG composite
derived from gonggong shell waste
sustainable environmentally friendly
adsorbent material, with potential applications

is a
and

in wastewater treatment and environmental
remediation.
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