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Synthesis and characterization of Fe3;04/Si0./C
nanocomposites and their potential for NH,* ion removal
from shrimp farm wastewater
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Abstract

The synthesized Fe304/SiO2/C nanocomposites are adsorbents for NHs" ion removal from Article History
shrimp farm effluent. Fe;O4 nanomagnets were synthesized via coprecipitation, coated with
silica and carbon using 2% NaOH activation, and PEG4000 as a binder. Structural characteristics
were investigated through XRD, FT-IR, and VSM. Physico-chemical parameters, Aozt Oeiskar®s, 2025
including adsorbent amount (0.05-0.3 g), contact time (10-70 min), and initial NH4CI Published  July 03, 2026
concentration (0.1-0.8 mg L), were investigated. Maximum NH4" removal efficiency (83.5%)
was achieved at 55 min with 0.2 g adsorbent mass, using a solution of 0.4 mg L™ NH.Cl at pH 7
and 25 °C. Pseudo-second-order kinetic model (R? = 0.9998) was satisfied with an
adsorption capacity of 0.037 mg g'. Langmuir isotherm estimated a capacity range of 0.005 to 1. Magnetic nanocomposites
0.087 mg g'. The adsorption process occurs exothermically, spontaneously, and is 2. NH," removal
physisorption. Filtrate analysis by UV-Vis with phenate reagents showed notable reduction in 3. Shrimp waste

NH;" levels post-adsorption (0.077-0.282 mg L) with GIS visualization, showcasing effective
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1. Introduction

The coastal region of Prigi Bay has seen significant changes
in recent years, particularly with the establishment of shrimp ponds
as a means of cultivating these crustaceans. However, this
development has raised concerns about the potential
environmental impact, especially if organic waste from shrimp
farming is not properly managed (Armid et al., 2021; Wijaya et al.,
2019a). Prior to the introduction of shrimp ponds, Prigi Bay
boasted good water quality, meeting the standards set by the World
Health Organization (WHO) (Suci er al., 2020; Wijaya et al.,
2019b). Therefore, recent research indicated that the ammonia
levels in the wastewater from these shrimp ponds, which are now
scattered along the coast, are poised to exceed established
thresholds and quality standards, potentially jeopardizing the bay’s
ecological health (Susetyaningsih et al., 2020). To address this
issue, there’s a growing need for effective treatment of shrimp pond
liquid waste to reduce ammonia concentrations before it's released
into the environment (Krishnani et al., 2006). Researchers have
carried out exploration to investigate total dissolved and natural
sources of metals and organic compound in marine Waters
(Wijaya et al., 2022a, 2022b).

The separation of dissolved ammonia, in the form of NH4",
can be achieved through various methods, including solvent
extraction (both liquid-liquid and liquid-solid colorimetric
methods) (Brzezinski, 1987), break point chlorination (Tsitsifli and
Kanakoudis, 2018), ion exchange (Sharma and Ahmad, 2018.),
and adsorption (Haghighi and Kurd, 2004). Among these
methods, adsorption stands out as a highly promising approach
due to its remarkable advantages, including high efficiency,
exceptional selectivity, cost-effectiveness, and eco-friendliness
(Sumantri et al., 2020; Zhang et al., 2016). Here, we focused on the
development of adsorbents, which exhibit superior selectivity and
efficiency in capturing NH4* on their surfaces.

The magnetic nanomaterial adsorbent is crucial for NH4*
ion removal due to their nanoscale size, extensive surface area, and
magnetic properties, enabling efficient recycling. However,
magnetic nanomaterials tend to agglomerate due to particle
attraction, oxidation, and leaching. In this study, we employed the
coprecipitation method to synthesize Fe;Os4 nanomagnetite with
SiO; and carbon, forming the Fe3;O4/Si02/C nanocomposite
(Ardiyanti ez al., 2018). SiO: serves as a coating to mitigate Fe;O,
particle agglomeration (Anbarasu et al., 2019; Feng et al., 2019).
Unlike prior research using glucose as an active carbon precursor
in Fe304/C preparation (C. Wang et al., 2019), we utilized
mangrove biochar. Mangrove leaf litter with its substantial surface
area and negative surface charge enhances cation exchange
capacity (CEC) for NH4* adsorption (Ding ez al., 2010).

In this research, the effect of carbon on the characteristics
of Fe304/Si02/C  nanocomposites was also observed.
Characterization of carbon, Fe3Os nanoparticles, and
Fe304/5102/C nanocomposites using Fourier Transform Infrared
(FT-IR) to identify functional groups, detailed information about
the crystallographic structure used X-Ray Diffraction analysis
(XRD), measurement of the magnetization used Vibrating-Sample
Magnetometry (VSM) methods, Scanning Electron Microscopy
and Energy Dispersive X-ray (SEM-EDX) to measure particle
diameter, morphology, and elemental content, and
Thermogravimetric Analysis - Differential Thermal Analysis
(TGA-DTA) to analyze weight changes, thermal stability, and
other thermal characteristics. NH4" adsorption was carried out in
various variations, including variations in the amount of
adsorbent, contact time, temperature, and variations in the
concentration of the standard solution, to find the kinetics,
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thermodynamics, and isotherms of NHs" adsorption by
Fe304/S102/C nanocomposites. The ammonia concentration was
determined using the UV-Vis spectrometric method, referring to
the phenate method and analysis of mapping levels using ArcGIS
software.

2. Experimental details

2.1. Extraction and refining of carbon

The mangrove leaves were thoroughly cleaned and then
subjected to oven drying at 60 °C until dryness. Subsequently, the
dried mangrove leaves were pulverized and sieved to obtain a 200-
mesh-size powder. The resulting mangrove leaf powder was
carbonized using a furnace at 400 °C for 2 h. The resulting carbon
powder from the dried mangrove leaves was subsequently
employed in the next stage (Ding et al., 2010).

The mangrove carbon leaf was chemically activated using
2%w/v NaOH. The carbon was soaked in 2% NaOH for 24 h, then
filtered and washed with distilled water until the filtrate solution
reached a neutral pH. After the neutralization process, the carbon
was oven-dried at 60 °C to eliminate any remaining distilled water
(Ding ez al., 2010).

2.2. Extraction and refining of silica (SiO,)

The sand from Prigi Beach was processed by drying it at
60 °C for four days, sieving it to a 100-mesh size, and removing
impurities. Subsequently, 120 g of the sand sample were treated
with a mixture of 50 mL hot distilled water, 150 mL 37% HCI, and
50 mL 65% HNOs. The mixture was allowed to settle for 20 hin a
fume hood. The reflux method was carried out at approximately
70 °C for 2 h, followed by filtration and neutralization to achieve
a pH of 7. The residue was dried for 1 h at 60 °C and then calcined
in a furnace at 600 °C for 4 h.

Furthermore, the calcined sand sample was subjected to
three cycles of evaporation by adding 30 mL hot distilled water and
30 mL concentrated HCI, followed by heating on a hot plate within
a fume hood. An additional treatment was conducted with 30 mL
of concentrated HCI at 60 °C for 35 min. The residue from this
process was neutralized with distilled water, resulting in 40 grams
of white silica powder.

2.3. Synthesis Fe;0, nanoparticles

The synthesis of Fe3Os nanoparticles followed the same
procedure as the prior study, encompassing the subsequent steps:
A mixture of 75 mL of 0.19 mol/L FeSO,-7H,O solution and
75 mL of 0.25 mol/L FeCl;-6H,0O solution was combined in a
250 mL beaker. The mixture was then heated to a temperature of
90 °C, and 10 mL of 25% NH4OH was added. This solution was
stirred for 30 min using a magnetic stirrer. The resulting black
precipitate was filtered using distilled water until it reached a
neutral pH of 7. The precipitate was subsequently dried in an oven
at a temperature of 50-60 °C for a duration of 5 h. To achieve
homogeneity, the solids obtained were ground using a mortar and
pestle (Rianna et al., 2022).

2.4. Synthesis Fe;04/Si0,/C nanocomposites

The synthesis of Fe3;04/Si02/C composite was carried out
by adding polyethylene glycol (PEG) through the wet mixing
method (Fig. 1). The first step was to start by melting 0.7 g of PEG
4000 by stirring and heating it at 60 °C, 0.7 g SiO2 powder was then
added while still stirring until mixed. 0.7 g Fe3sO4 powder and 0.7g
of carbon powder were added and stirred until mixed and formed
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precipitate. The precipitate was then dried in an oven at 35 °C to
form Fe304/Si02/C powder (Feng et al., 2019).

Figure 1. The application of Fe;O04/Si02/C nanomagnetite by an
external magnet.
Source: Elaborated by the authors.

2.5. Characterization of Fe;0, nanoparticles and
Fe;04/Si0,/C composites

The first characterization of Fe3Os and Fe;04/Si02/C
nanoparticles was carried out using an infrared spectrometer
(FTIR, Shimadzu IR Prestige 21) to determine the functional
groups of the compounds. Furthermore, determining the
crystallinity was characterized by XRD (PANalytical X'Pert Pro),
while VSM (DXV-100~550 Series) was employed to determine the
magnetic moment. SEM-EDX (Merk FEI, Type: Inspect-S50)
were employed in conjunction with ImageJ to measure particle
diameter, morphology, and elemental content, and TGA-DTA
(Merk Linseiss, Type: STA PT 1600) to analyze weight changes,
thermal stability, and other thermal characteristics.

2.6. The NH," adsorption experiment

The NH4" adsorption experiment was conducted using a
batch technique. Initially, different amounts of Fe304/SiO2/C
nanocomposite, such as 0.01, 0.05, 0.1, 0.15, 0.2, and 0.3 g, were
entered into separate Erlenmeyer flasks. Subsequently, 10-50 mL
of a 0.4 mg L! NHs'solution was added to each flask. The
Erlenmeyer was shaken at 150 rpm for one hour. The purpose of
the experiment was to determine the optimum amount of mass
adsorbent. The variation of contact time between adsorbent and
adsorbate from 10 to 70 min was carried out to determine the
optimum contact time, and the variation of NH4Cl standard
solution from 0.1 to 0.8 mg L™ was used to determine the
optimum concentration. The optimum temperature was set at
300.15-333 K. The solutions were filtered using Whatman 42 filter
paper to separate the nanocomposite from the solution. The
resulting filtrate was analyzed to determine the NH4"
concentration using phenate reagent and UV-Vis spectroscopy at a
wavelength of 640 nm. The result was the concentration at
equilibrium NH4", and to calculate the amount of NH4" adsorbed
on the adsorbent Fe;04/SiO»/C under various conditions. The
Eq. 1 was used:

_ (Co-ce).V

Ge="—"1"" @M

m

The ge (mg g!) shows the adsorption capacity. C, and C.
(mg L™) indicate the NH4" concentration before and after the
adsorption process, respectively. m (g) and V (L) are the adsorbent
mass and the volume of the solution, respectively. The percentage
of adsorption NH4" is calculated using the Eq. 2.
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Co—Ce

Adsorption % = x 100 2)

3. Result and discussion

3.1. Characterization of Fe;O, nanoparticles, SiO,,
carbon, and Fe3;0,/SiO,/C nanocomposites

The FTIR serves as a valuable tool for analyzing the
absorption patterns of atomic functional groups in materials. We
conducted FTIR tests on Fe3O4, SiO;, carbon and the
Fe304/S102/C nanocomposite, as shown in Fig. 2. The analysis
focuses on the correlation between wavenumbers and
transmittance. We also verify and match functional groups based
on prior research.
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Figure 2. The infrared spectra of (a) Fe3Os, (b) SiO2, (c) Carbon,
(d) Fe304/Si02/C nanocomposites synthesized with PEG as
binder.

Source: Elaborated by the authors.

Our investigation involves the examination of
functional groups within the Carbon, SiO:, and ferrimagnetic
Fe304 core-shell samples, within the infrared absorption range of
500-4000 cm™'. Notable findings include Si-O bond rocking
vibrations at 468 cm™!, O-H (silanol) bond vibrations within the
range of 800-870 cm™', which is a characteristic of the SiO2
molecule, and O-H bond vibrations related to water molecules
within the range of 1050-1115 cm™. The presence of Fe3Os in
Fe304/S102/C is indicated by Fe-O-Fe group vibrations between
572-587 cm™. Symmetrical stretching vibrations of Si-O-Si and Si-
O bonds occur at wavenumbers of 793, 1092-1098 cm™, and 954-
964 cm™. Additionally, the C=0 group appears at absorptions of
1693.56 and 1697.41 cm™, which is a typical group in
active carbon (Pires ez al., 2015), while the C-O bond vibrations at
1342 and 1635 cm™ were caused by the influence of the PEG
media binder. The functional group for the H-C-H bond was at
1351 and 1637 cm™ (Munasir et al., 2017). Referring to the CoH
bond vibration, a CH (water molecule) may also occur at 2919 and
3313 cm™ functional groups like the H-C-H bond are detected at
1351 and 1637 cm™. Vibrations associated with CH
(water molecule) and O-H functional groups occur at 2919 and
3313 ecm™.

Our initial characterization serves the purpose of
determining the crystalline structure and phases present in the
Fe3Os and carbon within the Fe304/Si0O2/C nanocomposite
samples. We analyze the XRD pattern of both Fe;O4 nanoparticles
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and Fe304/Si02/C nanocomposites, as shown in Fig. 3. This
analysis involves a comparison of the diffraction peaks of Fe;Oq
with the reference data obtained from the Crystallography Open
Database (COD) under ID number 1011052. Cubic Fe;O4adopts
a face-centered structure. The positions of the diffraction peaks at
26: 30.18, 35.55, 43.20, 53.57, 57.15, and 62.78° correspond to the
(111), (220), (311), (400), (422), (511), and (440) planes of Fe3Os,
respectively. Meanwhile, the broad diffraction pattern observed
within the 26 range of approximately 11-23° signifies the presence
of a non-crystalline (amorphous) carbon phase. Further diffraction
patterns for Fe;Os and carbon coincide with PEG diffraction peaks
at 20 values around 19 and 23°, indicative of the PEG’s diffraction
pattern (Dindar et al., 2010). These diffraction patterns provide
confirmation of the successful formation of the Fe304/Si02/C
composites.

19.23
23.28

— Fe;0,/Si0,/C
—Fe;0,
——— Carbon

35.55
62.78

4320 57.12
53.57

35.55

20 (degree)

Figure 3. XRD Patterns of (a) Fe;Os4, (b) Carbon,
(c) Fe3s04/Si102/C nanocomposites synthesized with PEG as
binder.

Source: Elaborated by the authors.

The magnetic properties of FesO4, and Fe3;O4/S102/C were
analyzed (Fig. 4), showing superparamagnetic behavior with no
hysteresis loops, indicating their potential for magnetic separation
and reuse in adsorption-desorption processes. The saturation
magnetization (Ms) values were measured at 56.13 and
16.68 emu g for the magnetic FesOs mixed with Fe;Os, and
Fe304/5102/C, respectively. The SiO2 and carbon coating led to a
decrease in saturation magnetization, but the material could still
be easily separated from the reaction medium using an external
magnet. This suggests that the nanocomposite remains suitable for
magnetic separation and reuse as an adsorbent, as even an Ms
value of around 8 emu g™ was reported (Han ef al., 2018), which
shows a sufficient magnetic response for this purpose. The
magnetic separation of Fe3;O4/Si02/C could be achieved within
40 sec (Fig. 4) by placing a magnet near the vessel containing the
suspension. The SiO. and Carbon coating's main effect was
reflected in the temperature dependence of the high field, with
deviations from the Bloch law at low temperatures, associated with
the occurrence of surface spin disordered effects (Larumbe ez al.,
2012).
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Figure 4. Magnetic curves of FesOs and FesO4/Si02/C
nanocomposites synthesized with PEG as binder.
Source: Elaborated by the authors.

The measurement results of the particle size distribution of
FesO4 nanoparticles (Fig. 5a) indicate that the particles exhibit
mesoporous sizes ranging from 2 to 50 nm, with an average
diameter of 26.4 nm, classifying them as nanomaterials (1-
100 nm). Some particles agglomerate to form larger aggregates due
to van der Walls forces and magnetic core attraction (Ma'rufah et
al., 2019; Rianna et al., 2022) with a maximum size of 146.2 nm.
Other studies have shown that agglomerated particles can reach
sizes of 4-6 pm depending on the synthesis method (Rianna et al.,
2022). Furthermore, Transmission Electron Microscopy (TEM) is
recommended for future studies to provide more accurate particle
size analysis. The EDX analysis (Fig. 5b) reveals that the
composition of Fe;Os nanoparticles consists of 66.2% iron (Fe) and
33.8% oxygen (O) without any impurities (Rianna et al., 2022;
Tatinting et al., 2021).

The results of SEM analysis indicate that Fe304/SiO2/C
nanoparticles (Fig. 6a) exhibit homogeneous morphology with a
consistent pore distribution on the surface, making them ideal for
ammonium ion (NHi") adsorption. The adsorption of NH."
depends on the surface area and pore size of the adsorbent, with
nanoparticles featuring smaller pore sizes facilitating stronger
interactions with NH4" ions (Zheng et al., 2019). Measurements
conducted using Image] software on SEM images at a
magnification of 20,000x (Fig. 6b) reveal an average particle
diameter of 82.6 nm, with the smallest particle measuring 72.7 nm
and the largest measuring 98.9 nm. This size is larger than that of
the Fe;O4 particles, indicating aggregation during synthesis due to
the addition of PEG, SiO: (Antarnusa et al., 2022; Feng et al.,
2019). This study successfully synthesized nanocomposites within
the nanomaterial category (1-100 nm).

The SEM-EDX analysis of the Fe;04/5i02/C
nanocomposite (Fig. 7) reveals four main elements: carbon (C) at
65.8%, oxygen (O) at 27.3%, aluminum (Al) at 0.2%, silicon (Si)
at 3.4%, and iron (Fe) at 3.2%. The elevated levels of carbon and
oxygen are attributed to the biochar carbon in the composite. The
lower iron percentage is due to the SEM-EDX technique, which
primarily scans the sample surface. This data reflects the surface
composition of the nanocomposite, indicating successful synthesis
of Fe;04/Si02/C with minimal impurities, specifically aluminum
from silica alumina.
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The thermal stability of the Fes304/SiO./C (Fig. 8)
nanocomposite was analyzed using TGA and DTA over a
temperature range of 19-1000 °C. The TGA curve indicates a mass
loss of 5.92% between 19-190 °C, attributed to the removal of
adsorbed water molecules and hydroxyl groups. A second mass
loss of 16.01% occurs between 190-451 °C due to the
decomposition of hydroxyl functional groups and the degradation
of the carbon structure. The third mass loss of 3.01% between 450-
874.4 °C is associated with the condensation of silanol groups into
siloxane and the decomposition of organic residues (Fattahi and
Dekamin, 2023). The nanocomposite remains stable at
temperatures between 450-921 °C, with a total mass loss of only
3%. The DTA curve displays both endothermic and exothermic
signals. Endothermic peaks at 306.7°C and 387.9°C are related to
the decomposition of carboxylate groups and the release of COa.
The exothermic peaks indicate the thermal degradation of residual
lignin, hemicellulose, and cellulose between 268-400 °C (Vu et al.,
2018). An endothermic signal at 501-802 °C signifies the phase
transition from magnetite (FesO,4) to hematite (Fe,Os) (Mazo-
Zuluaga et al., 2003; Mahdavi et al., 2013). Hematite stabilizes at
507 °C, but its stability decreases due to the deoxidation process
(Zhao et al., 2006).

149

928

49—

ol

10 20 3.0 40 50 6.0 70 8.0 9.0 100

Det: Element

Figure 5. SEM (a) results and EDX (b) spectrum of nanoparticles
Fe3Ou.
Source: Elaborated by the authors.
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Figure 6. SEM photos of nanocomposites Fe3O04/Si02/C
enlargement (a) 50000x, and (b) 20000x.
Source: Elaborated by the authors.
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Figure 7. EDX spectrum of nanoparticles Fe3O4/Si02/C.
Source: Elaborated by the authors.
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Figure 8. TGA/DTA analysis curve of Fes304/Si02/C

nanocomposite.
Source: Elaborated by the authors.

3.2. Influence the amount of adsorbent and contact
time

The efficiency of NH4* adsorption is in direct correlation
with the amount of adsorbent applied, and this relationship is
illustrated in Fig. 9a. A remarkable 83.4% NH4" adsorption
efficiency was achieved when 0.2 grams of adsorbent were
employed. The escalation in adsorbent mass release, in an
increased number of active sites, significantly enhances the
adsorption capacity of NH4" by Fe;04/SiO2/C nanocomposites.
Consequently, the optimal adsorbent mass selected for our
investigation stands at 0.2 g.

The influence of contact time on NH4" adsorption by
Fe304/Si02/C nanocomposites is investigated, as shown in
Fig. 9b. It is evident that adsorption levels increase with extended
contact time. Maximum adsorption occurred after 55 min,
followed by a decrease in adsorption at 70 min of contact time.
The optimal equilibrium adsorption capacity for NHi" was
0.023 mg g1 at 55 min, decreasing to 0.020 mg g-1 at 70 min. This
phenomenon is attributed to the adsorbate molecules not entirely
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[ ]
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—~ [ | —_
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S 80 "
: z
Z
&
78 -
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i a)
76 : ;
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0.0 0.05 0.10 0.15 0.20 0.25 0.30
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Figure 9. Influence of the sum of adsorbent (a), contact time (b).
Source: Elaborated by the authors.
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binding to the active sites of the adsorbent due to saturation,
resulting in partial desorption and a subsequent decrease after the
optimum condition. This suggests that as contact time increases,
the available surface area decreases, affecting the adsorbent’s
ability to adsorb NH4*" molecules. Concurrently, the rate of NH4*
molecule desorption increases until it reaches equilibrium. This
indicates that the adsorbent has reached its optimal contact time
(Galamini ef al., 2020; Sohaimi et al., 2021; Tabak et al., 2010).

3.3. Adsorption kinetics of NH,*

The adsorption kinetics of NH4* were examined, involving
the assessment of NHi" adsorption by Fe;04/Si02/C
nanocomposites over a range of contact times spanning from 10 to
70 min. To analyze the NH4* adsorption data, we employed both
the pseudo-first order and pseudo-second order kinetic models.
These models are characterized by linear Eq. 3 and Eq. 4, as
expressed below:

Pseudo-first-order equation:

kot
10g(qe- q¢ ) =logqe- 555 ©)
Pseudo-second-order equation:

PRararais @

qe k, 2 e

where, ¢ (mg g-1) and ¢. (mg g-1) serve as indicators of the quantity
of NH4" absorbed at a given time and at equilibrium, respectively.
In the context of the pseudo-first order and pseudo-second order
kinetic equations, k; (min-1) and k> (g/mg min) represent the rate
constants. The determination of these rate constants, k; and ko,
involves analyzing the gradient of the natural logarithm of (g - ¢v)
against time (t) and the intercept of the graph of w against t, as
presented in Fig. 10a (Aurich ef al., 2017). Analysis data of the
initial concentration, concentration at some time, and
concentration at equilibrium are processed to find out the
appropriate kinetics model. The results of the experiments
are carried out at 25 °C (298 K), initial NH4" concentration of
0.4mg L', volume of solution 25 mL, and weight of
Fe304/5102/C nanocomposites 0.2 g are presented in Table 1.

10 20 30 40 50 60 70

time (minute)
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Table 1. Experimental results at 25 °C (298 K), contact time 10-70 min.

. . G qt t/q:
Tme i) mgr  mgg) % ?  (mingmg)
0 0.400 0 -0.398 0
10 0.109 0.0363 -2.700 275.326
25 0.107 0.0366 -2.758 683.618
35 0.108 0.0371 -2.904 944175
45 0.101 0.0373 -3.001 1205.819
55 0.093 0.0383 - 1565.863
70 0.126 0.0382 -3.904 1832.810

Source: Elaborated by the authors.

In this study, the adsorption kinetics followed a pseudo-
second order model (Fig. 10b). The linear regression coefficient
(R? indicates that the pseudo-second-order kinetics model
provides a more suitable explanation for the NH4" adsorption
process by Fe;O4/Si02/C nanocomposites (Table 2). This assumes
that the extended contact between nanocomposites and NH4" ions
elevates the time-to-capacity ratio, causing the valence forces'
impact on shared electron usage between the adsorbent surface and
organic molecules, influencing the adsorption rate.

The pseudo-second order model is a better fit for the
experimental data of NHi" adsorption by Fe;04/SiO2/C
compared to the first-order pseudo model. This is due to the ge
value (0.037 mg g') calculated using the pseudo-second
order model, which was almost close to the experimental ge value
(0.038 mg g, and the correlation coefficient (R?) of the pseudo-
second order model was higher than that of the pseudo-first order
model. The higher R? value indicates a better fit of the model to the
experimental data. The pseudo-second order model assumes
chemisorption or strong surface complexation, which is more
likely to occur in the case of NH4" adsorption by Fe304/SiO2/C.
Therefore, the results suggest that the dominant mechanism
controlling the rate of NH4" adsorption is strong surface
complexation or chemical adsorption.

https://doi.org/10.26850/1678-4618.eq.v51.2026.1583
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R?=10.9392

Log (g—Ce)
[ |

(2)

5 10 15 20 25 30 35 40 45 50
t (minute)
1800

1600
v = 26.572x - 13.303

1400 Rz =0.9999

1200
= 1000 -
800
600
400

- (b)

200 +

5 10 15 20 25 30 35 40 45 50
t (minute)

Figure 10. Adsorption kinetics curves (a) pseudo-first order;

(b) pseudo-second order.
Source: Elaborated by the authors.

Table 2. Kinetic parameters of uranium adsorption by Fe3O4/Si02/C based on pseudo-first order and pseudo-second order.

Pseudo-first order

Pseudo-second order

Ton Ammonium
Jeexp eycal

k1 (min™)

R? ge (Calorie) k> (g mg™! min™) R?

NH4* 0.038 0.0026

0.0205

0.932 0.037 53.075 0.999

Source: Elaborated by the authors.

3.4. Isotherm adsorption of NH,*

The adsorption capacity is estimated by using adsorption
equilibrium models in this research. Two equilibrium models are
employed: the Langmuir and the Freundlich adsorption isotherms.
The Langmuir isotherm suggests that the adsorbent surface
contains multiple active sites where molecules bind (monolayer),
while the Freundlich isotherm assumes a heterogeneous surface.
The assessment of NH4" adsorption by Fe304/SiO2/C
nanocomposites covers a concentration range of the standard
solution from 0.1 to 0.8 mg L™'. To evaluate the NH4" adsorption
data, linear equations representing these models are utilized, as
shown by Eq. 5 and Eq. 6.

Freundlich model equation:

1
log,, = logKs, ZlogCe 5)

@creative
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Langmuir model equation:

C 1 C
- = 4 €
de KL gm am

(6)

In the equations, g, (mg g') represents the maximum
monolayer adsorption capacity, while ¢, (mg g') is the
equilibrium amount of NH4" adsorbed per unit mass of the sorbent.
Ce (mg L) stands for the equilibrium concentration of ammonium
ions in the aqueous solution, and Co (mg L™) is the initial
ammonium ion concentration. K; (L/mg) is the Langmuir
constant related to adsorption energy, and K;(mg g™'), along with
1/n are associated with the sorbent's adsorption capacity and the
intensity of the adsorption process (heterogeneity parameter),
respectively (Sharifnia et al., 2016). The experimental parameters
are in Table 3. Figure 11 depicts the adsorption isotherm of
ammonium ions using the nanocomposite adsorbent over the
initial concentration range of 0.1-0.8 mg L.
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Table 3. Experimental results at 25 °C (298 K), initial NH4" concentration of 0.1-0.8 mg L.

C, C.(mgL™) Co-Ce g.(mg g™) 1/g.(gmg™) 1/C.(L mg™) log C. log g.
0.1 0.057 0.043 0.005 184.275 17.672 -1.247 -2.265
0.2 0.080 0.120 0.015 66.414 12.572 -1.099 -1.822
0.4 0.088 0.312 0.039 25.633 11.376 -1.026 -1.409
0.6 0.099 0.501 0.063 15.965 10.109 -1.005 -1.203
0.8 0.103 0.697 0.087 11.475 9.723 -0.988 -1.060

Source: Elaborated by the authors.

18 y
y=0.044x + 9.6158
16 R2=10.9853
S 14+
12 4
d
10 4 -
v (a)
T T T T T T T
0 50 100 150 200 250 300 350
1,
L6
v = 4.0279% + 5.348 n
14 | |R2=09543 .
12 .
g 1o
=)
=]
= 08
n
0.6
0.4
(b)
0.2

2125 -120  -115  -1.10 -1,05 -100 -095  -0,90
logCe

Figure 11. Isotherm adsorption curves for (a) Langmuir; (b)
Freundlich.
Source: Elaborated by the authors.

The adsorption isotherm follows the Langmuir isotherm
type (Fig. 11a). The linear regression coefficient (R?) for the
Langmuir isotherm is higher than that of the Freundlich isotherm
(Fig. 11b), with values of 0.9853 and 0.9543, respectively. These
results indicate that the NH4" adsorption by the nanocomposite
can be better explained by the Langmuir isotherm. In the
Langmuir isotherm, the adsorption mechanism involves a
chemisorption process with the occurrence of chemical bonds
between the adsorbent and adsorbate. The Langmuir model states
that the existing valence forces can attract adsorbed molecules to
the surface of the adsorbent (Syafiuddin ef a/., 2018; Utomo ez al.,
2012).

The explanation provided earlier states that the pseudo-
second-order kinetics model is used to describe the adsorption rate
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on the surface, based on the assumption of strong surface
complexation, which is consistent with the Langmuir adsorption
isotherm by stating that the adsorption rate occurs in parallel with
the remaining solute concentration. In the context of the adsorbent
and adsorbate reaction, this model indicates that the adsorption
reaction occurs through a chemical mechanism involving the
compatibility between the donor and acceptor molecules on the
adsorbate surface (Syafiuddin e al., 2018; Utomo et al., 2012). This
model is characterized by a higher correlation coefficient (R?) and
a better fit to the experimental data compared to the pseudo-first-
order model. On the other hand, the Langmuir adsorption is used
to describe monolayer adsorption on a surface containing a limited
number of identical sites. The relationship between the two lies in
the fact that the equation of the Langmuir isotherm model leads to
the equation of the second-order kinetic model, which explains
monolayer adsorption on a surface containing a limited number of
identical sites. The compatibility between the adsorbate and
adsorbent molecules occurs through strong binding between the
donor and acceptor atoms on the adsorbate surface (Sharifnia et
al., 2016; Utomo ez al., 2012).

3.5. Thermodynamic adsorption of NH,*

The mechanism by which temperature affects NH4*
adsorption can be confirmed using thermodynamic parameters of
adsorption (AG, AH, and AS). These parameters can be calculated
based on thermodynamic laws using the following equations:
where the equilibrium constant (K;) is related to the amount of
ammonium ions (C.) adsorbed onto the adsorbent from the
solution at equilibrium (mg/L) (Eq. 7), while Cs is the equilibrium
concentration of ammonium ions in the aqueous solution (mg/L).
AH (enthalpy change) and AS (entropy change) are derived from
the slope and intercept of the van't Hoff plot of /n K¢ versus 1/T
(Eq. 8). The results of these calculations are presented in Table 4.
Gibbs free energy (Eq. 9) indicates the spontaneity of the
adsorption process, where more negative values suggest a more
favorable adsorption process.

Cq
K, = C_s (7

van't Hoff equations:

AS® AHO
b == ®

AG® = AH® — TAS° ©)

More negative AG values reflect an easier process.
Generally, the free energy change for physisorption ranges from
—20 to 0 kJ/mol, while chemisorption ranges from —80 to —400
kJ/mol (Ugurlu ef al., 2008; Uurlu and Karaolu, 2011). In this
study, AG for the adsorption of NH4* ions by the Fe304/SiO2/C
nanocomposite was observed to be —3.834 kJ/mol at 300.15 K and
—1.607 kJ/mol at 333 K. Additionally, the calculated AH for the
Fe304/5102/C nanocomposite is —24.09 kJ/mol. The negative AH
value indicates that the adsorption process of NH4* ions onto the
Fe304/S102/C nanocomposite is exothermic (releasing heat). The
low AH value reflects weak interactions between NH4" ions and the
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negatively charged sites on the Fes304/SiO2/C surface. The
negative entropy change (AS) for ammonium adsorption on
Fe304/5102/C (—67.47 J/mol K) concludes that this adsorption

https://doi.org/10.26850/1678-4618.eq.v51.2026.1583

process is spontaneous at low temperature ranges (Boopathy et al.,
2013).

Table 4. Thermodynamic parameters of NH4" adsorption of Fe;O4/Si02/C nanocomposites.

Ton AG° (kJ/mol) AH° (kJ/mol) AS°(J/mol-K)
300.15 303.15 313K 323K 333K
NHa* -3.834 —3.631 -2.957 -2.282 —-1.607 2409 6747

Source: Elaborated by the authors.

3.6. FTIR Spectra analysis before and after the NH,*
adsorption process by Fe;0,/SiO,/C nanocomposites

The analysis of NH4" adsorption by the Fe3;04/SiO2/C
nanocomposite (Fig. 12) using FTIR spectroscopy reveals
significant changes in the wave numbers of several functional
groups after adsorption. The shift of the OH group from 3313.5 to
3394.3 cm™! indicates a chemical interaction between NH4" ions
and hydroxyl groups. Minor changes were also observed in the
C=0 bonds (from 1670.2 and 1600.1 to 1672.3 and 1636.6 cm™)
and C-O bonds (from 1417.3 to 1394.5 cm™), suggesting the
involvement of carboxyl and hydroxyl groups in bonding with
NH,".The increase in peaks within the OH region indicates the
diffusion of water vapor from the air into the nanocomposite
during the batch application method, enhancing the sharpening of
O-H bonds in the FTIR spectrum (R. yu Wang e al., 2019;
Rahman ez al., 2017). The minor changes in the vibrational modes
of carboxylate and hydroxyl groups after adsorption imply that the
quantity of Fes04/Si02/C  nanocomposite exceeds the
concentration of the adsorbed NH4" ions (R. yu Wang et al., 2019;
Rahman et al., 2017; Shooto, 2020). According to Ainane et al.
(2014), changes in vibrational intensity with minimal positional
shifts confirm that the adsorption process is of the inclusion type,
where molecules or ions are trapped within the porous structure of
the adsorbent (Ainane et al., 2014). This observation is also
applicable to the Fe;04/Si02/C nanocomposite in the adsorption
of NH4" ions.

Wl \/\A
Y W

Transmittance (%)

4 1671.33§ : MY Iy \ A
‘T/ 16356 1460,1 AL \
33943 \

— Fe;0,/Si0,/C before
— Fe;0,/8i0,/C after

T I T T T I T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 12. FTIR spectrum (a) before and (b) after adsorption.
Source: Elaborated by the authors.
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3.7. Mapping adsorption of NH," in shrimp farm
wastewater

Figure 13 illustrates the location of shrimp farm
wastewater and Table 5 reveals that the investigation carried out
at 16 pond locations indicates that the wastewater contains
ammonia levels surpassing the established quality standard. The
table illustrates that the data on ammonia levels in wastewater
exceeds the >0.2 mg L' threshold set by the US-EPA.

MAPPING OF AMMONIA CONCENTRATION
IN SHRIMP PONDS WASTE OF PRIGI
TRENGGALEK SOUTH BEACH

ALf Alfarisyi Syah
FMIPA
Universitas Negeri
Malang

Legend
© Sampling Point
Ammonia Levels / (mg/L)
[ 001124153 - 0.121414144
[ 0.12424215- 0.271219512
[ 028124195 - 0371150153
[ 0382180553 - 0493182332
[ ] oasatezas2 - 053587374
[ 03557374 - 0504627686
[E 0584627686 - 067985332
[ 067985332 - 0740914779
[ 0740914779 - 0777425298

0 001 002 0,04 0,06 0,08

Figure 13. Sampling location: shrimp farm wastewater using Arc-
GIS.
Source: Elaborated by the authors.

According to the data presented, it is evident that
the ammonia content in the wastewater is within the range of
0.321-0.771 mg L. Elevated levels of total ammonia in the water
can be attributed to various factors, including shrimp excretion,
stocking density, aquatic organisms, and environmental
conditions. Shrimp feed, rich in protein at 40%, contributes to the
release of toxic ammonia compounds as the feed decomposes and
settles in the sediments. Therefore, this study employs
Fe304/5102/C nanocomposite adsorbents to mitigate ammonia
concentrations in shrimp pond wastewater.
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Table 5. Ammonia Level in the water of the shrimp farm of Prigi
Bay.

Location ABS NH," levels (mg L")
1A 0.397 0.388
B 0.745 0.735
1C 0.781 0.771
1D 0.419 0.410
2A 0.651 0.642
2B 0.383 0.374
2C 0.369 0.360
2D 0.447 0.438
3A 0.341 0.332
3B 0.519 0.510
3C 0.373 0.364
3D 0.335 0.326
4A 0.461 0.452
4B 0.706 0.697
4C 0.329 0.320
4D 0.364 0.355

Source: Elaborated by the authors.

The concentration of ammonia for marine aquatic
organisms is less than 0.3 mg L', while the US-EPA standard
requires a concentration below 0.1 mg L™!. Elevated ammonia
levels in aquatic environments can harm the quality of dissolved
oxygen and have an impact on aquatic organisms. Most of the
ammonia originates from commercial shrimp feed used in ponds,
with most of it being discharged into the environment. This
discharge can pose a threat to aquatic ecosystems and lead to
eutrophication. Consequently, an efficient method is required to
reduce ammonia levels in shrimp pond wastewater. Figure 14
illustrates the NH4" adsorption process with Fe304/Si0O./C.

https://doi.org/10.26850/1678-4618.eq.v51.2026.1583

a) b) ©)

Figure 14. Examples of the absorption of NH4" by Fe304/Si02/C
(a) wastewater shrimp farm, (b) after the addition of adsorbent,
and (c) absorption of NH4* by Fe;04/Si0,/C adsorbent.

Source: Elaborated by the authors.

As shown in Fig. 14a-c, a bottle containing NH4" solution
was incorporated with Fe3;04/Si02/C powder, and it
appeared black. The solution was then shaken and allowed to
settle (1-2 min). The sample wastewater shrimp farm changed
color to nano-spare black. The next step is to place an external
magnet, as shown in Fig. 14c. The pure water and NH4" absorbed
by Fe;04/S102/C particles were separated in the external magnetic
field.

Figure 15 shows the adsorption mapping of shrimp farm
wastewater by Fe304/Si02/C adsorbent before (a), and after
adsorption (b). Samples were subjected to adsorption using
nanocomposite Fe304/Si02/C with optimized amount and
duration, followed by UV-Vis phenate analysis.

MAPPING OF AMMONIA CONCENTRATION

TRENGGALEK SOUTH BEACH

IN' SHRIMP PONDS WASTE OF PRIGI SHRIMP PONDS WASTE AFTER ADSORPTION

MAPPING AMMONIA LEVEL IN

yrudeTE
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Alif Alfarisyi Syah
FMIPA
Universitas Negeri
Malang

Legend
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[ 041241214 0.52412414
[ 055241244 - 0.556437377
[ 05557377 - 0 61151555
[ 05124155 - 0712155626
[ 07124151 - 0812155326

0,04 0,06 0,08 1:1.500

Figure 15. Adsorption mapping of shrimp farm wastewater by Fe;O4/SiO2/C adsorbent before (a), and after adsorption (b).

Source: Elaborated by the authors.

As shown in Fig. 15 the subsequent ArcGIS mapping
illustrated a significant reduction in shrimp pond wastewater
levels, with concentrations decreasing from the initial range of
0.321-0.771 mg L™ (Fig. 15a) to a range of 0.077-0.282 mg L™
(Fig. 15b). This substantial reduction, ranging from 42.7% to
82.1%, wunderscores the effectiveness of the method in
environmental preservation. It particularly addresses the issue of
mitigating the discharge of ammonia-rich wastewater from shrimp
ponds, emphasizing the potential for broader environmental
benefits.

@creative

7. Conclusions

Fes04/Si02/C  nanocomposites ~ were  successfully
synthesized, and carbon was used to efficiently extract from
mangrove leaf biochar. SiO2 were also successfully extracted from
silica sand. The synthesis of Fe3O4/Si02/C nanocomposites was
effectively carried out using PEG as a binder. Fe3;Osnanoparticles
with a SiO2/C layer provided numerous functional group
components, such as Fe-O, Si-O-Si, Si-OH, C-H, OH", which were
advantageous for supporting the adsorption process. The optimal
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conditions for NH4" adsorption by the nanocomposites were
determined as an adsorbent mass of 0.2 g and a contact time of
55 min. Pseudo-second-order models, Langmuir isotherm types
can be used to explain the adsorption of NH4" by Fe30s/Si02/C
nanocomposites, and the adsorption process occurs
exothermically, spontaneously, and is physisorption. Application
of Fe304/Si02/C nanocomposites in reducing NH4" levels in
shrimp pond wastewater resulted in a substantial reduction,
ranging from 42.7% to 82.1%, showing the effectiveness of this
method in environmental conservation.
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