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Heat storage is a major problem in the world. Many research is going on the heat storage application. This research
investigates the novel Ag/MgO/biochar nanocomposites for heat storage. Ag/MgO/biochar nanocomposites were fabricated
using solvent-free ball milling techniques. According to several analytical measurements, the Ag/MgO nanoparticles in
biochar are uniformly dispersed across the carbon interface. This type of adsorbent material has been characterized by
different techniques such as X-ray diffraction pattern analysis (XRD), FTIR analysis, scanning electron microscope (SEM),
and transmission electron microscope (TEM) as all indicate the surface morphology and successful ball milling synthesis of
Ag/MgO nanocomposites. The UV visible spectroscopy wavelength range of AgNPs and MgONPs is 330 nm and 470 nm,
respectively. FTIR analysis revealed that different functional groups of modified biochar nanocomposites such as O-H group are
3728 cm™ and for C-H bond is 932 cm™, C-O group is 1420 cm ™, and C=0 is 1785 cm’’, respectively. Adsorption tests showed
that 1.0 gL' dosage with 60% phosphate removal, an ion, and 0.2 gL' of dosages that had 85% methylene blue decomposition,
a charged synthetic dye, were the lowest absorption levels. This research suggests that ball milling offers the advantages of
stabilization and chemical adaptability for customized remediation of different atmospheric contaminants. Ball milling is a facile
and feasible process to fabricate carbon-metal-oxide nanomaterials.

1. Introduction

Due to its low cost, high efficiency, and ease of implementa-
tion, the adsorption technique is one of the most effective
techniques for removing organic dyes from water [1].
Recent research has extensively investigated the effects of
adsorption and photocatalytic techniques on metal oxide/
biochar nanocomposites [2]. Water pollution is one of the
main causes of eutrophication, environmental threats,
human welfare, and animal planet. Wastewater reclamation
is required for various applications as a financially sustain-

able and effective technologies for removing unwanted con-
taminants. In terms of wastewater generation, this strategy
is a better option in light of the emergence of renewable
techniques [3, 4]. This approach has gained importance
among most of the country’s population due to the ground-
water issues crisis due to fluctuating precipitation and
uneven access to many freshwater resources, particularly
for farming. Adsorption process, catalysis, improved oxida-
tive degradation, electrochemical analysis, and microbial
degradation are among a few of the remediation techniques
invented to reduce the hazards brought on by natural dyes.
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Depending on the pH value, phosphorus in different forms of
the critical nutrients PO43-, H2PO4-, and HPO42 enhances
aquatic plants growth [5-7]. In general, biochar (BC) has
low adsorption capacity due to restricted adsorption location,
low area of surface impact, and negatively discharged surface
on phosphorus [8, 9]. Solid BC is produced by biomass using
the pyrolysis method under low oxygen (no oxygen) environ-
mental conditions at high temperatures. To develop the
adsorption, modification of BC with various MO, such as
La203, CaO, and MgO, is of great importance. Biochar sur-
face modification is performed by impregnation fabrication
techniques, which have high adsorption capacity and high
phosphorus removal from various water resources. For bio-
medical applications, excellent features such as ease of fabri-
cation, recyclability, and surface functionalization have
allowed biochar to be used in various industries. Several stud-
ies have revealed that MgO exhibits effective adsorption mea-
surements for decreasing PO, from water. The maximum
absorption coefficient was obtained at 121.25mgg™" for
MgO modified biochar using the impregnation technique
investigated by Li et al. [7, 8]. Rather than standard impreg-
nation, the emerging ball milling approach is a solvent-free
modification technique that requires adding oxides to the
modified biochar surface [10, 11].

The synthesis of nanocomposites through ball milling
approaches is the most widely recognized technique that
improves the physical and chemical properties of metal
oxide with biochar nanocomposites [12, 13]. The physical
properties of the nanomaterials can be enhanced by ball
milling the composites into nanoparticles, which will
improve the overall ability to adsorption capability [13,
14]. The modified biochar composites (CuO, MgO, and
Fe,0,) with different metal oxides were fabricated through
ball milling for disposal of methylene blue from the water
content [15]. According to the observations of those investi-
gations, ball milling provides a large surface area and chem-
ical bonding of the biochar [16, 17], which allows the
nanocomposite produced from biochar-containing metal
oxides to have better removal efficiency than pure biochar.

For the first time, Persicaria salicifolia biomass was
investigated to support less harmful chemical compounds
as natural and eco-friendly chemicals for phytofabrication
of zinc oxide-silver sponsored activated carbon nanocom-
posite (Ag/ZnO@BC). About 20 nm in diameter and spread
evenly on the surface of the biochar substrate, MgO nano-
particles were used in the nanocomposite to create nanos-
caled geometries and microporous structures, according to
the physicochemical parameters of the prepared nanostruc-
tured materials. MgO/biochar nanomaterials were prepared
using a simple ball milling technique to provide dual adsorp-
tion. At moderate adsorbent concentrations of 1.0gL-1 and
0.2gL-1, adsorption tests showed 62.9% removal of phos-
phorus, 87.5% removal of methylene blue, and charged
molecular dye. Desorption capacity of this novel nanocom-
posite as photocatalysts in various systems revealed its
strong photodegradation efficiency, which reached 70.3%
under optimal process parameters: 50 ppm of TC, pH®6,
0.01g of Ag/ZnO@BC, 25°C temperature, and 100 mM
H,O, relative to parameters.
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The synthesis of MgO nanoparticles with Ag is the prep-
aration of modified biochar materials through solvent-free
ball milling techniques, which is the main innovation of this
investigation. In this study, inspired by the research above,
modified Ag/MgO/biochar nanocomposites were fabricated
by ball milling process followed by ball milling techniques
and phosphorus elimination from pollutant water. Subse-
quently, the experimental study aimed to investigate (i) the
properties of modified Ag/MgO/biochar nanocomposites,
(ii) effect of AgNPs and MgONPs on Escherichia coli pneu-
monia, including S. aureus and E. coli species of antibacterial
activity, (iii) scanning electron microscope (SEM) and trans-
mission electron microscope (TEM) studies reveal the
surface morphological changes on biochar nanocomposites,
and (iv) adsorption performance of removal of methylene
blue (MB) and phosphates by using Ag/MgO/biochar
nanocomposites.

2. Materials and Methods

2.1. Materials. Silver nitrate (AgNO;) -99.9% and magne-
sium chloride hexahydrate (MgCl,.6H,0) synthesized the
Ag/MgO biochar nanocomposites.

2.2. Synthesis of Biochar AgIMgO Biochar. 5g of rice straw
powder was mixed with 0.175g of magnesium chloride
hexahydrate (MgCL,.6H,0) and 0.08g of Ag.NO, for
Mg: Ag weight ratio is 1:1 and 3:1wt% ratio for Ag:BC
and Mg: BC, respectively. This solution was then mixed with
100 mL of deionized water, and the samples were diluted for
approximately 30 minutes, stirred for an additional 30
minutes, and heated to 70°C. The mixture was further dried
completely at 60°C. Dry rice straw powder was oxidized in
an electric furnace at 600°C for three hours to convert
MgO and Ag ions into MgONPs and AgNPs. This produced
the biochar element, which was used to create unique bio-
composites (Ag/MgO@BC), which were finally obtained.
Figure 1 shows the detailed flow chart for synthesising mod-
ified biochar nanocomposites.

2.3. Characterization of Modified Ag/MgO Biochar. The pho-
tosynthesis of Ag/MgO with biochar absorption quantitative
measurement was confirmed by UV-visible spectroscopy
(IG-28ms). The wavelength range for UV analysis is
665 nm was followed. Furthermore, the elemental composi-
tions of modified biochar surfaces were analyzed by
energy-dispersive spectroscopy (EDS). These XRD patterns
reveal the crystalline structure of nanocomposites under
Cu ka radiation (A =0.154 nm), which functioned at 40kV
to 40 mA. SEM and TEM performed at 5.0kV and 80kV
were used to study the surface morphology, chemical com-
positions, and elemental analysis of the proposed biochar
samples. FT-IR measurements were obtained using TEN-
SOR-5, Bruker FTIR spectroscopy in the spectrum range of
4000-400cm™'. TGA experiment was completed with the
help of Pyris-1, Diamond TG/DTA PerkinElmer analyzer.
Zeta PALS, Brookhaven, was used to measure the zeta
potentials of the prepared materials to evaluate their surface
properties and sustainability.
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FIGURE 1: Fabrication of Ag/MgO/biochar nanocomposites.

2.4. Heat Storage Adsorption Mechanism. Dissolving
K,HPO, (potassium phosphate) and NaNo, (sodium
nitrate) in 100 ml distilled water to prepare the nitrate and
phosphate solutions, respectively. Also, the adsorption of
phosphate to nanomaterials was evaluated by measuring
the phosphorus concentration of 50 mg of each sample in
20mgL-1 solution (B). The feedstock 1800ml/L P and
40 mg/LN was prepared for the adsorption experiment and
carried out at room temperature (220 C) using 65 mL diges-
tion vessels. During the filtration process, excitation-
correlated ionized atomic emission spectroscopy was used
to determine P levels. The solutions were finally passed
through 0.25um nylon membrane, and the MB dosage of
the filtrates was determined using UV-visible spectroscopy
with a frequency range of 700 nm. Also, MB and P were used
as treatments for adsorption experiments, which were car-
ried out in similar conditions. Summary statistics from each
experiment were presented after repeated runs. New tests
were performed each time there was a measurement varia-
tion of 5%.

3. Results and Discussion

3.1. UV Visible Spectroscopy. The surface plasmonic reso-
nance (SPR) of Ag/MgO/biochar excited by a light source
at specific wavelengths was recorded using wavelength-
distinct UV-visible spectroscopy as shown in Figures 2(a)
and 2(b). SPR peak intensities determine morphological
changes through the shape and size of nanoparticles. The
SPR spectra reveal that no band is identified in the modified
biochar. The UV visible range of AgNPs and MgONPs is
330nm and 470 nm, respectively, representing the surface
decrease of silver ions and magnesium oxide in BC and the
formation of biochar nanocomposites. The measured AgNPs
SPR band was consistent with a previous study aimed at
developing silver nanoparticle-based nanocomposites [18].
In addition, as can be seen in Figure 2(c), the energy band
gap energy (Eg) of Ag/MgO with BC was determined using
the Tauc plot and 3.4eV-3.12eV. According to Saedi et al.,
the energy band gap became very narrow due to the addition
of MgO and Ag nanoparticles in the nanostructure [19]. Due
to the synthesis of Ag-C compounds, the precipitation of

MgONPs and AgNPs on the biochar surface narrows the
frequency wavelength energy band gap of specific BC. It
accelerates the development of stable energy levels in Ag/
MgO/BC, as a result of the interface of AgNPs through the
carbon in the biochar [20].

3.2. FT-IR Analysis. The functional group found by the oxi-
dation and normalisation of photocatalyzed nanoparticles is
revealed by FTIR analysis. From the analysis, three kinds of
functional group were observed in modified biochar such as
O-H group is 3728 cm-1, the C-O bond is 932 cm-1, the C-O
group is 1420cm’’, and C=0 is 1785cm’™, respectively.
Zheng et al. [21] have achieved that the biochar produced
spectra comparable to Ag/MgO biochar and demonstrated
that adding MgO nanoparticles to the composites did not
affect the functional groups of the biochar. These patterns,
which also appeared in the Ag/biochar and MgO/biochar
spectra with various strengths, decreased both AgNPs and
MgONPs on the biochar surface. Additionally, a novel
MgO maximum intensity was detected in the MgO/biochar
composite at 632cm’’, demonstrating the production of
MgO nanoparticles [22]. Due to the interfacial bonding
between Ag, MgO, and biochar, as shown in Figure 3, these
all-organic molecules occurred in Ag/MgO@BC spectra,
although with varying intensities. The result concluded that
preparation of biochar with rice straw is entirely accountable
for the AgNPs and MgONPs of reduction and stabilization
on the surface of the modified biochar. The results clearly
show the formation of Ag/MgO/biochar nanocomposites.

3.3. Zeta Potential. Zeta potential analysis is an important
technique for analysing the surface morphological changes
and stability of aqueous materials [21]. Charging variation
on material surfaces can be affected by energy measure-
ments. Often in micromolar strength, depending on the
scale used for analysis, it is a very precise method for study-
ing nanomaterials. It was observed from the Z potential
results that the pure biochar nanocomposites had the high-
est concentration of bioactive ingredients at 28.4 mV, which
is shown in Figure 4. After adding Ag/MgO to form the
modified biochar composites, the zeta potential value chan-
ged to 29.2mV, demonstrating that the MgO and Ag
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Ficure 3: FTIR spectra.

nanoparticles on the biochar surface were activated success-
fully. The observed negative electrostatic potential can infer
the stability of Ag/MgO@BC due to repulsive interactions
between weakly charged ions [23].

34. SEM. The elemental presence of carbon especially
develops with higher reaction temperature. EDX spectrum

determined the different chemical constituents presented in
biochar and their modified biochar nanocomposites. As
shown in Figure 5, the EDX spectrum of pure biochar con-
sists of elements C and O, which are anticipated the main
components for typical biochar materials. Various elements
considered major constituents of nanocomposites were also
found in varying amounts, including C, Mg, Si, O, N, and
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FIGURE 4: Zeta potential. (a) Biochar. (b) Ag/MgO/biochar.

k. Figures 5(a) and 5(b) show the EDS spectrum of all
chemical elements available in Ag/MgO@BC nanocompos-
ites [24]. Additionally, Mg-characteristic signals were
observed in the same curve at energies of 0.9, 8.65, and
9.6keV. These characteristics were determined according
to Shaban et al. demonstrating the production of Ag/

MgO@BC. Figure 5(b) shows the surface chemical compo-
sition of this biochar, which is 60.52% C, 2.15% Mg,
16.24.8% O, Ag 2.52%, and a small quantity of Si (0.7%).
The lowest Ag % was 2.41%, and the essential MgO was
1.37%, corresponding to the proportion of magnesium
oxide and silver ions (2%) according to EDX analysis of
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FiGure 5: EDS spectrum of (a) biochar and (b) Ag/Mg/biochar.
the Ag/MgO @BCs surface. Biochar was initially applied to The morphological changes and chemical % of elements

the surface to demonstrate the superior performance of  of pure biochar and their Ag/MgO/biochar nanocomposites
rice straw extract in reducing zinc and silver ions. were characterized by using scanning electron microscope
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(SEM) and energy dispersive spectrum (EDS), respectively.
SEM is only useful for gathering information about surface
morphology, but when combined with EDX, can be utilized
to identify and quantify adherent nanoparticles. Figure 6(a)
shows the MgO biochar elements in SEM. In this SEM,
results revealed a pore structure during the thermal transes-
terification reaction, as porosity is widely believed to be
caused by the emission of fine organic matter such as H,0O,
CO,, CH,, and CO. This analysis also reveals the effect of
AgNPs and MgONPs on biochar surface, porosity, size, and
shape of the nanoparticles seen in Figure 6(b). The broad
concentration of white nanoparticles on Ag/MgO@BC
shown in Figures 6(c) and 6(d), which are not truly missing
in biochar, suggests that MgONPs and AgNPs on the biochar
surface were successfully ball milled (Figure 6(a)). Presence

of Ag/MgO/biochar and carbon elements has been showed
in Figures 6(e) and 6(f).

3.5. TEM Analysis. In this investigation, the size and mor-
phology of photosynthesized AgNPs and MgONPs on acti-
vated carbon surfaces were examined using TEM analysis,
frequently used to detect structural changes in prepared
biochar nanoparticles. Figure 7(a) shows the TEM image
of AgNPs and MgONPs on the biochar surface. TEM
analysis clearly shows that the spherical shape of AgNPs
and MgONPs was obtained up to 25nm by using higher
scales. The particle size obtained from TEM analysis
agreed with SEM measurement, confirming effective ball
milling synthesis techniques and determining the potential
capability of different applications due to nanoparticle
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Ficure 7: TEM images of Ag/MgO/biochar composites. (a) 200 nm. (b) MgONPs. (c) 100 nm modified biochar.

formation (Figure 7(b)). Figure 7(c) shows that the struc-
ture of MgO nanoparticles consists of nanostructures with
random shapes and sizes of approximately 30 nm. Consis-
tent with the results of Zheng et al. [21], they noted sim-
ilar structures for Ag-composites with sizes ranging from
10 to 40 nm.

3.6. Thermal Gravity Analysis (TGA). Figure 8 shows pure
biochar’s thermal gravity analysis (TGA) and their rein-
forcement Ag/MgO/biochar nanocomposites. It exhibited a
first continuous phase with a 10% weight loss up to 170°C,
but the BC-prepared specimens showed an 8% weight loss,
which could be attributed to moisture loss. Therefore, the
temperature for biochar and Ag/MgO/biochar nanocompos-
ites is 280°C and 352°, respectively. Significant weight loss
between 320 and 460°C for Ag/MgO@BC sample and 330
and 450°C for BC nanocomposites can be attributed to the
decomposition of major chemical elements. In conclusion,
both samples experienced moderate weight loss up to
600°C, which may be due to the degrading lattice structure,
although pure biochar weight loss was significant. However,
Ag/MgO/BC experienced less overall weight loss than bio-
char, which may be attributed to the MgO NPs and AgNPs
to withstand thermal degradation.

3.7. XRD Analysis. Figure 9 shows the XRD diffraction pat-
tern of peak components of biochar and their nanocompos-

ites. The XRD spectrum of silver nanoparticles shows the
different peak intensities at 35°, 42.65% 52.86°, and 66.28°
that are referenced from (111), (200), (220), and (311)
planes subjected to face centred cubic (FCC) good agreed
with the JCPDS file number 04-0783. The XRD diffraction
patterns of Ag/MgO/biochar 32°, 38.42°, 45.32°, and 52.18°
have many characteristic patterns attributable to the (111),
(200), (220), (311), and (222) plane crystalline structure that
is identical to the peak of pure magnesium oxide nanoparti-
cles according to JCPDS no. 87-0653. In addition, the (111)
orientation is related to the formation orientation for ball-
milled AgNPs at the interface of Ag/MgO/BC composites,
in agreement with several other experimental works. The
average crystalline size of nanoparticles was calculated by
using the Debye Scherrer equation. The research showed
that the MgO size of nanoparticles was reduced from
70nm to 17 nm by ball milling with biochar. The MgO crys-
tal structure produced from this investigation is comparable
to the MgO improved biochar produced using the pyrolysis
process. However, the results show that all AgNPs and
MgONPs were successfully synthesized by ball milling on
the biochar surface, yielding Ag/Mg/BC composites.

3.8. Antibacterial Activity. Bacteria Gram-positive and
Gram-negative strain suppression abilities of Ag and MgO
nanoparticles have been used in a spectrum of pharmacolog-
ical activities. The antimicrobial potential of implanted
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nanotechnology is thought to work in 2 phases: first, they inac-
tivate thiol compounds in enzymes, and then, attach to the
microbial chromosome, shorten it, and prevent DNA replica-
tion causing death [25]. The antibacterial activity of Ag/
MgO@BC prepared nanocomposites throughout this research
was then evaluated against a variety of Gram-positive and
Gram-negative bacteria [26], including Escherichia coli pneu-

monia including S. aureus and E. coli species as shown in
Figure 10. Research revealed that Ag/MgO@BC was a good
antimicrobial treatment against pneumonia as it inhibited its
growth at a large scale (1x10° CFU/mL) compared to other
incorporated AgNPs and MgO/biochar nanocomposites.
Figure 11 shows the zone of inhibition for both S. aureus
and E. coli species of Ag/MgO@BC nanocomposites.
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3.9.  Adsorption  Performance  of  Ag/MgO/Biochar
Nanocomposites. Figures 12 and 13 show the adsorption per-
formance of Ag/MgO/biochar nanocomposites. As small
amounts of Mg/biochar were released from themselves, the
aged biochar had limited MB and negative P adsorption. The
P adsorption performance of Ag/MgO/Biochar was not
affected by the ball-milling process, but the adsorption of
MB was improved almost 8.4 times, which may be a result of
higher surface area and pore size. The resulting Ag/MgO/bio-
char nanomaterials showed significantly enhanced adsorption
of both P and MB. Strong Mg-P and Ag-P interfacial bonding
and strong interaction between anionic P and electrically
charged biochar surface during experimental parameters are
responsible for enhanced P adsorption efficiency. The absorp-

tion properties of P removal have increased due to adding
MgO to biochar composites. According to experimental
results, Ag/MgO/biochar nanocomposites had charged posi-
tively membrane characteristics that aided in magnetic attrac-
tions and interfacial deposition of P ion species, which
facilitated adsorption [27]. The MgO/biochar nanomaterials
had MB absorption of 61.5 and 108.8% greater than pure bio-
char adsorption. The enhanced base neutralization ability of
the biochar matrix [26], which is beneficial for removing ionic
MB and attractive electrostatic stress at elevated pH levels, can
be considered from the perspective of enhanced MB adsorp-
tion with Ag/MgO addition [25]. In the MgO/biochar nano-
composites specimens, MB sorption was initially enhanced
and then diminished with MgO and concluded that there
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may be a perfect balance among MgO and biochar for remov-
ing contaminants [28]. Ag/MgO/biochar at 1:1 ratio of com-
posites had the best P removal effectiveness in this work,
combined with acceptable large efficiency for MB sorp-
tion [29].

3.10. Future Scope and Recommendations. Using biochar to
remove contaminants from water is gaining significant
popularity as an affordable alternative to expensive acti-
vated carbon [30]. Future research is needed to develop
modified biochar to improve biochar quality, and its
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performance varies depending on feedstock type and pyroly-
sis conditions [31]. It might be possible to modify biochar’s
characteristics to remove particular impurities to make it
more efficient. Biochar has also been thoroughly explored
as a cost-effective adsorbent for removing biological and
metal pollutants from aqueous and gaseous atmospheric
pollutants in environmental protection [32]. Although fresh
biochar has a small adsorption capacity, different feed types
and process conditions affect its physical and chemical prop-
erties (active adsorption sites, size distribution, and charge
density) [33]. Consequently, it is necessary to develop tech-
niques designed to regulate the concentration of biochar
detection to improve its binding capacity to a range of envi-
ronmental pollutants.

4. Conclusion

Synthesis of Ag/MgO@BC composites using rice straw bio-
mass has been established for the first time in the present
work using a scalable, cost-effective ball-milling method.
This research demonstrates that the ball milling technique
is a viable way to produce nanocomposite of metal oxides
and biochar for wastewater treatment. The MgO was added
into the biochar and uniformly dispersed, which improved
the ability of the nanocomposites to bind MB and provide
them with photocatalytic properties. According to experi-
mental results, the ball-milling process provides more adapt-
ability with efliciency on modified absorptions as well as
structural modification achieved by synthesis techniques
that strategically remove all biological and elemental con-
taminates. MB and PO,> were successfully and synergisti-
cally removed from aqueous systems using Ag-added
MgO-biochar nanocomposites.

FTIR analysis results found that MgO/biochar mixture
also shows a unique MgO maximum intensity at 632cm’’,
proving the synthesis of MgO nanoparticles. According to
JCPDS no. 87-0653, the XRD diffraction patterns of Ag/
MgO/Biochar 32°, 38.42° 45.32° and 52.18° have numer-
ous distinctive patterns that can be attributed to the crystal
lattice of the (111), (200), (220), (311), and (222) planes,
which is exactly equivalent to the peak of pure magnesium
oxide nanoparticles. EDX analysis reveals that O, C, Mg,
and Ag surface element content of 18.26%, 68.92%, 2.18%,
and 2.89%, respectively. The elemental analysis of Ag/
MgO@BC observed that the percentage of Ag is 2.89%
and Mg is 2.18%, which is close to the percentage of MgO
and silver ions. Most ball-milled nanoparticles have 10 to
40nm on the spherical surface of Ag/MgO@BC nanocom-
posites. Zeta potential of 28.4 mV has been used to indicate
sustainability, and Ag/ZnO@BC showed high efficiency.
When compared to other integrated AgNPs and MgO/Bio-
char nanocomposites, the analysis revealed that Ag/
MgO@BC prevented the development of pneumonia at a
high scale (1 x 10% CFU/mL).

Modified biochar Ag/ZnO@BC exhibited significant
antibacterial activity towards S. aureus and E. coli species
bacteria, with high productivity of 40% at the highest con-
centration (100g/mL). Evaluation of some alternative
green-synthesized AgNPs, MgONPs, and their nanostruc-
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tured materials revealed that Ag/MgO@BC is a potent anti-
bacterial agent against gram-positive and gram-negative
because of a large dosage (2 x 108 CFU/mL). Consequently,
the zone of inhibition was 11 mm against S. aureus and
10mm for E. coli antibacterial activity. Combining Ag/
MgO@BC is a unique nanocomposite that can be effectively
used for a wide range of environmental and therapeutic
applications.
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