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The rapid development of Vietnam’s textile dyeing industry has fueled economic growth, yet it has brought to
light the issue of organic dye contamination in wastewater, posing environmental and public health concerns.
In response, our work introduces an innovative approach to address this challenge: the synthesis of Ag —
Mg(OH); nanocomposites using avocado peel extract (Perseaamericana) for the efficient removal of organic
dyes from wastewater. This novel method not only yields eco-friendly materials but also optimizes the use
of agricultural by-products, aligning with principles of sustainability and green chemistry. By employing
advanced analytical techniques, including Ultraviolet-Visible spectrophotometry (UV-Vis), X-ray diffraction
(XRD), and scanning electron microscopy combined with energy-dispersive X-ray spectroscopy (SEM-EDX), the
authors conducted a thorough characterization of the synthesized Ag — Mg(OH), nanocomposites. The unique
structural composition of the material was revealed, featuring silver nanoparticles ( 20 to 50 nm in diameter)
evenly dispersed on Mg(OH), nanorods (250 to 300 nm in length). In addition, the study explored the efficacy
of these nanocomposites in the photocatalytic degradation of the cationic organic dye methylene blue (MB). A
notably remarkable photodegradation efficiency was observed at 82.8% after 3 hours, with an initial aqueous
MB concentration of 20 ppm and a material mass - liquid volume ratio of 8 g/L. The findings of this research
are not only scientifically relevant, but also offer tangible solutions for mitigating environmental pollution and
improving the quality of life.
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1. Introduction

In the heart of Vietnam’s growing textile industry, the
demand to tackle environmental and health risks posed
by organic dyes in wastewater emerges as a critical chal-
lenge. Regarding this issue, our scientific inquiry embarks
on an ambitious sustainable solution, namely the synthe-
sis and remedial use of the novel nanocomposite mate-

rial Ag —Mg(OH); [1-7]. The material is based on the
dispersion of Ag nanoparticles synthesized via a plant
extract-mediated reduction on an Mg(OH), support pro-
duced via the in situ hydration of precursor MgO, which
is generated from the sol-gel method. Such bottom-up
phytosynthesis is considered less energy-consuming, more
cost-effective and more eco-friendly than conventional
physical and chemical routes, as well as the biosynthe-
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sis from algae and cyanobacteria species [8]. Technically,
a broad range of native plants can be extracted for phy-
tochemicals which help reduce metal ions and assemble
nanoparticles. Menaa et al. have demonstrated that ex-
tracts from the leaves of Tephrosia purpurea (South Asia)
and Portulaca Oleracea (North Africa) promote the forma-
tion of nano ZnO , an excellent photocatalyst to remove
organic dyes Methylene Blue (MB) and Methyl Orange
(MO) from wastewater [9, 10]. Inspired from these stud-
ies, our work utilizes the polyphenol-rich liquid extract of
avocado peel (Persea americana), acommon agricultural by-
product mainly found in the Central Highlands of Vietnam,
as the key factor to assist the production of Ag — Mg(OH),
nanocomposites [11, 12]. As avocado peel provides sev-
eral bioactive compounds which function as reducing and
capping agents to form Ag nanoparticles, it has been con-
sidered a potential candidate for the phytosynthesis pro-
cess [13]. Compared to extracts from other polyphenol-rich
herbs such as Achillea [14] and Camellia sinensis (green
tea) [15], which are mostly applied in biomedicine fields,
the avocado peel extract often yields a considerably higher
phenolic content (beyond 310 mmol GA /100 g) [16]. Re-
garding the growing avocado production in Vietnam (ap-
proximately 200.000 tons per year), it is necessary to turn
an abundant amount of avocado peel (biowaste) more ben-
eficial through greener preparations of metal/metal ox-
ide nanoparticles for extensive applications in drug deliv-
ery, food preservation and water remediation [17]. Mean-
while, the choice of Ag — Mg(OH), nanocomposites in this
study, rather than other permutations of metal nanopar-
ticles - metal oxide/hydroxide support, closely relies on
their specific physicochemical characteristics. Here, Ag
nanoparticles, whose antibacterial [18] and catalytic prop-
erties [19] have been well established, are projected to
be finely dispersed on Mg(OH),, a versatile carrier with
excellent stability and environmental compatibility. It is
noteworthy that MgO nanoparticles - the anhydrous form
of Mg(OH), - have been recently biosynthesized, exhibit-
ing remarkable disinfection and photocatalytic activities,
and even combined with Ag nanoparticles for synergis-
tic antibacterial effects [20]. Jayapriya et al. have ob-
served that green Ag/MgO nanocomposites work for the
catalytic treatment of anthropogenic pollutants, as well
as demonstrating anti-cancer and antimicrobial activities
[7]. Meanwhile, Zidane et al. successfully synthesized
AgO/Ag,0 and MgO@AgO/Ag,O nanocomposites us-
ing Portulaca oleracea leaf extract and recorded a well-
improved photocatalytic activity from the 2-hour sunlight
irradiation of MB ( 68% and 77% of degradation respec-
tively) [21]. Mg(OH), nanoparticles, however, under cer-

tain circumstances may offer a better option for metal depo-
sition. Despite commonly lower catalytic and antimicrobial
activities with respect to MgO , the hydroxide is more sta-
ble in aqueous solutions and more tolerant to moisture,
which are standards for long-term preservation. Li et al.
have found that Mg(OH); nanoparticles even outperform
MgO counterparts in terms of removing arsenate contami-
nants from wastewater, where the former eliminates most
As(V) species in minutes while the latter fails [22]. Besides,
Fang et al.’s work on reusable CdS@Mg(OH), nanocom-
posites highlights that the Mg(OH); layer strongly im-
proves the stability and photocatalytic activity of CdS sites
on water-splitting [23]. In fact, Mg(OH), nanoparticles
have gradually gained scientific interests through their
strong antibacterial, antioxidant and anti-inflammatory
potentials as reflected from Menaa et al.’s recent study,
where the material was phytosynthesized using Tinospora
cordifolia leaf extract [24]. These analyses render the
combination of Ag and Mg(OH); nanoparticles reason-
able to essentially combat microbial contamination and
offer a diverse array of environmental applications. In
our work, the crystalline structure and surface morphol-
ogy of Ag — Mg(OH), nanocomposites can be determined
through characterization techniques such as X-ray diffrac-
tion (XRD) and scanning electron microscopy (SEM). Such
techniques provide valuable insights into mechanisms
through which particles are formed and how the structure
can be optimized to adapt for various purposes, including
microbiological assays against various strains of bacteria
[25] and water purification systems [26, 27]. Regarding
these applications, our work is technically in line with stud-
ies using different oxide/hydroxide supports. For instance,
Saoud et al. have discovered that highly stable Ag/WO3
nanocomposites exhibit significant catalytic activity toward
the degradation of MB under visible light [28]. Hasen et
al. have observed the exceptional photocatalytic activity
of Laurus nobilis leaf extract-derived Ag@Fe304 nanocom-
posites to decompose MB , Toluidine Blue (TB), and Rose
Bengal in oily wastewater, along with promising antibacte-
rial properties and biocompatibility [29]. Evidently, based
on the antibacterial nature of Ag nanoparticles and its pos-
sibly enhanced photocatalytic activity when deposited on
metal oxide /hydroxide supports [30], the proposed "green"
Ag —Mg(OH); nanocomposite becomes an ambitious can-
didate to remove various microbes and organic dyes from
water sources. This represents a significant advance in the
field of biosynthesized nanocomposites, and by harnessing
the power of natural extracts from fruits like avocado peel,
researchers can develop more innovative materials with
tailored properties for a broader range of applications.
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2. Experimental setup

2.1. Synthesis of avocado peel extract

Avocados were purchased from local markets and peeled.
The avocado peel was washed with DI water to remove
the flesh completely, then dried at 60°C for 24 hours and
finely ground to reduce moisture for better preservation.
The dry powder was then extracted through dispersion in
DI water and magnetic stirring at 60°C for 1 hour [31]. The
resulting suspension was finally vacuum filtered to obtain
the avocado peel extract.

2.2. Synthesis of MgO via sol-gel method

50 mL of avocado peel extract was mixed with 250 mL of
0.2 MMg (NO3), solution, then 245 mL of 0.4 M NaOH
solution was gradually added to the resulting mixture un-
der magnetic stirring [32, 33]. The precipitate was washed
by ethanol and vacuum filtered, then dried at 60°C for 12
hours. The dry solid was finally calcined at 550°C for 3
hours, producing the white MgO powder.

2.3. Synthesis of Ag-Mg(OH), nanocomposite

The as-prepared MgO powder was added to a
0.001 M AgNO; solution and stirred for 10 minutes
[7]. The avocado peel extract was gradually introduced
into the resulting mixture and magnetically stirred for 30
minutes. The suspension was centrifuged and washed
with ethanol to collect the solid, which was then dried at
60°C for 6 hours to yield a yellowish brown powder (i.e.
the Ag — Mg(OH); nanocomposite).

2.4. Adsorption of methylene blue in dark conditions

For this experiment, m gram of Ag — Mg(OH), nanocom-
posite was added into V. mL of C ppm methylene blue (MB)
solution. The resulting mixture was vigorously stirred with-
out light exposure to investigate the adsorption capacity
of the material. After fixed time intervals, a portion of the
sample suspension was collected and filtered to remove
the solid. The UV-Vis technique was then used to deter-
mine the remaining concentration of MB, allowing one to
calculate the adsorption capacity of Ag — Mg(OH), and
establish a specific isothermal adsorption model.

2.5. Catalytic activity of Ag-Mg(OH), nanocomposite on
the photodegradation of methylene blue

For this experiment, m gram of Ag — Mg(OH), nanocom-
posite was added into V mL of C ppm MB solution. The
resulting mixture was vigorously stirred and continuously
illuminated at 45°C by a 30 W LED lamp (3000 Im, CCT
6000 — 6500 K) to investigate the photocatalytic activity of

the material. After fixed time intervals, a portion of the sam-
ple was collected and filtered to remove the solid. The UV-
Vis technique was then used to determine the post-reaction
concentration of MB , allowing one to calculate the removal
efficiency, establish a reaction kinetic model and study the
factors affecting the photodegradation of MB . Apart from
reactions with various amounts of Ag — Mg(OH),, a blank
run (m = 0) was also conducted; its yield was taken as a
reference to accurately assess the photocatalytic activity of
the nanocomposite.

2.6. Catalyst regeneration

After the photodegradation of MB , the spent Ag —
Mg(OH); nanocomposite was regenerated via chemical
washes with 96° ethanol solvent. This step was to remove
unreacted MB adsorbates. The washed solid was then vac-
uum filtered and dried at 80°C for 2 hours to obtain the
regenerated Ag — Mg(OH); nanocomposite, which was
reused for additional reactions.

3. Results and discussion

3.1. UV-Vis spectroscopy

Fig. 1(a) shows a maximum absorption peak fluctu-
ating within the wavelength range of 275-280 nm.
This maximum absorption peak can be attributed to
compounds belonging to the flavonoid group, specif-
ically derivatives of quercetin: quercetin-diglucoside,
quercetin—3—oarabinosyl-glucoside and rutin, which are
three of the seven main polar organic compounds found
in avocado peel according to the report by Lépez-Cobo et
al. when using HPLC-MS to analyze the composition of
avocado peel [34, 35].
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Fig. 1. (a) UV-Vis absorption spectra of Persea americana
peel extract and (b) silver nanoparticles synthesized from
this extract.

Following the avocado peel extract-assisted synthesis of
Ag — Mg(OH), nanocomposites, Fig. 1(b) displays a maxi-
mum absorption peak at the wavelength of 422 nm , which
is evident from the presence of Ag nanoparticles in the



4 Diep Tuong Minh Nhat et al.

as-prepared sample. According to numerous studies, the
maximum absorption peak of Ag nanoparticles typically
fluctuates within the wavelength range of 420—460 nm due
to the phenomenon of surface plasmon resonance, an im-
portant optical property of these nanoparticles [36, 37]. As
referred to relevant works from which surface plasmon res-
onance peaks were used to evaluate nanoparticle sizes [38-
40], the 422—nm wavelength associates with a spherical
shape and a diameter of 25—35 nm for our biosynthesized
Ag nanoparticles.

3.2. X-ray diffraction (XRD)

Fig. 2 shows the maximum diffraction peaks at 18.71°(001),
32.96°(100), 38.11°(011), 51.04°(102), 58.83°(110),
62.33°(111), 68.35°(103), and 72.16°(201), all of which are
typical for Mg(OH), (in agreement with AMCSD data
0014731 [41]). The presence of characteristic diffraction
peaks of Ag, however, is not noticed. This can be explained
by the small content of Ag in the sample and the Ag
nanoparticles can be evenly dispersed on the surface.
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Fig. 2. XRD patterns of Ag — Mg(OH); nanocomposite
synthesized using Persea americana peel extract.

3.3. Scanning electron microscope (SEM)

From Fig. 3, it can be seen that MgO particles tend to ag-
glomerate, which may be due to the high temperature heat-
ing process at 550°C. SEM images at magnifications of
150 k and 120 k, however, show that MgO particles reach
nano-size with a size of about 50 nm .

SEM images from Fig. 4 show a relatively uniform dis-
tribution of small particles, whose sizes range from 20 nm
to 50 nm , on the surface of the then-hydrated Mg(OH);
substrate. Combined with the energy dispersive X-ray
spectrum (EDX), these finely distributed small particles
are potentially Ag nanospheres, consistent with the mor-

Fig. 3. SEM images of MgO prepared via the sol-gel
method at magnifications of (a) 150k, (b) 120Kk, (c) 100k and
(d) 40k.

phology and size estimation from earlier discussed UV-Vis
data.

At the same time, SEM images also show the presence
of nanorods with diameters from 20— 50 nm and lengths
of 250 — 300 nm. From Fig. 2, it can be seen that these
nanorods are highly likely to be nanorods of Mg(OH),.
The observed nanorod morphology is similar to that of
Mg(OH); nanorods reported in the study of Shah et al.
[42].

3.4. Energy dispersive X-ray spectroscopy (EDX)

Fig. 4 shows that on the surface of the solid sample, there
are three elements Ag, Mg, O. Mostly the presence of Mg
and O, Ag accounts for low concentrations since the syn-
thesis process uses low concentrations of AgNO;. Besides,
the ratio of O and Mg atoms is approximately equal to 2,
showing that the sample contains Mg(OH);.

3.5. Adsorption capacity of Ag-Mg(OH), nanocompos-
ite in the absence of light

From Fig. 5, it can be seen that the adsorption process of MB
dye on the material at a concentration of 50 ppm increases
rapidly in the first 30 minutes, then begins to slow down
and reaches equilibrium after about 60 minutes. At smaller
concentrations ( 10 ppm and 20 ppm ), the adsorption pro-
cess takes place faster and quickly reaches equilibrium
after about 15 minutes. Such behavior can be ascribed to
the initially large number of active centers on the surface of
Ag —Mg(OH); nanocomposite. As time elapses, these cen-
ters are substantially occupied by dye molecules, causing
the number of centers on the surface of the material to de-
crease gradually, so the adsorption process will decelerate
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Fig. 4. SEM images of Ag — Mg(OH); nanocomposite
synthesized using Persea americana peel extract at
magnifications of (a) 150k, (b) 120k, (c) 100k and (d) 40k;
along with EDX spectrum of the material.
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1.8
164 r————— > - *
¥
1.4 4
_v— y— v —y
* v
142-/
S A A A
S 101
£
o 0.8
—o— 50 ppm
0.6 —v— 40 ppm
—&— 30 ppm
044 —u —o— 20 ppm
—=— 10 ppm
0.2
0.0 T T T T T T T T
0 30 60 90 120 150 180 210 240

t (mins)

Fig. 5. Adsorption capacity of Ag — Mg(OH),
nanocomposite under dark conditions at different

methylene blue concentrations over time (
d=8g/L,T=230°C).

For each initial MB concentration, the equilibrium con-
centration and equilibrium adsorption capacity can be de-
termined. These parameters are inferred from the slopes

Freundlich isothermal adsorption models (Fig. 6).
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Fig. 6. (a) Langmuir and (b) Freundlich adsorption
isotherms of methylene blue on
Ag — Mg(OH); nanocomposite (d = 8 g/L, T = 30°C).

It can be seen that both models give high R? coefficients
(R? is 0.9932 for Langmuir and 0.9920 for Freundlich). In
the Langmuir isotherm adsorption model, the K}, constant
is 0.034 L/ mg and the maximum MB adsorption capacity
of the material is 4.04 mg/g.

Meanwhile, in the Freundlich isothermal adsorption
model, the Ky constant is 0.1505 mg/g and the coeffi-
cient n is 1.21 . From the above analysis, it can be con-
cluded that the experimental isothermal adsorption data
of MB on the material are compatible with both Langmuir
and Freundlich isotherm models. Such findings techni-
cally indicate rather simple adsorption mechanisms of MB
molecules on Ag — Mg(OH);, compared to more complex
interactions between thionine dye molecules (TH) and mag-
netic chitosan-clay/benzoin/ Fe3O, adsorbents - includ-
ing electrostatic attractions, n — 7t interaction, hydrogen
bonding and Yoshida H— bonding [43]. Assuming an av-
erage cross-sectional area of 130A” for each MB molecule
(MW = 319.85 g/mol) [44], the maximum adsorption ca-
pacity from the Langmuir isotherm results in a surface area
of 9.88 m? /g for Ag — Mg(OH)5.

3.6. Kinetic model of photocatalytic reaction

The change of MB concentration over time at two initial
concentrations of 10 ppm and 20 ppm was investigated
and results were obtained as shown in Fig. 7(a).

The photodegradation of aqueous MB on Ag —
Mg(OH); nanocomposite proceeds through three essen-
tial steps [21, 45]. At first, finely dispersed Ag nanospheres
significantly enhance UV light-induced electron-hole sepa-
ration in the Mg(OH), semiconductor. Due to the excep-
tional electrical conductivity, these anchored Ag nanoparti-
cles exhibit surface plasmon resonance to improve visible
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Fig. 7. (a) Evolution of methylene blue content in aqueous
solution with initial concentrations of 10 ppm and 20 ppm
under UV irradiation (d = 8 g/L, T = 45°C). and (b)
pseudo first—order kinetic model at 20 ppm methylene
blue concentration.

light absorption and function as photoelectron traps, sup-
pressing the recombination rate of electron-hole pairs to
supply sufficient charge carriers for sequential reactions.
Reactive oxygen species (ROS) are then generated from
interactions between separated charge carriers and com-
ponents in the aqueous solution. In particular, excited
electrons in the conduction band of Mg(OH); (or those
trapped by Ag nanoparticles) react with dissolved oxy-
gen molecules to produce Oye " radicals, while the holes
in the valence band target water molecules or OH™ anions
to yield *OH radicals. Finally, the nascent ROS species
attack methylene blue adsorbates to oxidize and decolorize
the dye, converting its molecules into simpler, non-toxic
components. The overall mechanism can be summarized
as follows:
(i) MBqg + Ag—Mg(OH)z 5 <> MB — Ag — Mg(OH); a4
(i) Ag—Mg(OH)zads +hv>Ag—Mg(OH)2(eg, h™op)ads
(i) Ag—Mg(OH) (ey,),qs TO02aq —+Ag—Mg(OH)2(Ose- )ads
(iv) Ag—Mg(OH); (htp),4s +H20—Ag—Mg(OH), (¢OH),q5 +
Ht g
(v) Ag—Mg(OH)> (h*y)
(vi) Ag—Mg(OH), (Oze7)
degradation products
(vii) Ag—Mg(OH),(eOH),4s +MB—Ag—Mg(OH),(eOH),q4s —
degradation products

+OH,q—Ag—Mg(OH), (¢OH) 45
+ MB_Ag_Mg(OH)Z ads

ads

ads

The Langmuir-Hinshelwood model is often used to describe
such photodegradation kinetics, provided that intermediate and
post-decomposition products do not adsorb competitively on the
catalyst surface. At low initial MB concentrations, the photocat-
alytic reaction rate is considered first-order, and the apparent ki-
netic equation is expressed through a linearized natural logarithm

function:
Co o
In <E> =k -t (1)

In which, C(ppm) is the MB concentration at time t, C,, is the
initial MB concentration and k' is the apparent first-order reaction

rate constant ( min_l) .

To assess the compatibility with the as-described kinetic model,
the linear regression method is used to construct a graph of
In (C, /C) versus time (Fig. 7(b)), and the slope of the line allows
to determine the reaction rate constant k'.

From Fig. 7(b), it can be seen that at Comp = 20ppm, R? is
relatively high (0.9984 ), thus the MB photodegradation reaction
follows the Langmuir-Hinshelwood first-order kinetic model, with
the rate constant value of k' = 0.0051 min~! at the reaction tem-
perature of 45°C. Such finding is comparable to Hasan et al.’s
work [29], where photodegradation reactions of MB and TB on
Ag@Fe304 nanocomposites both satisfy first-order kinetics.

3.7. Effect of methylene blue concentration on photocatalytic
reaction performance

The initial concentration of organic pigments in wastewater is
one of the important factors affecting the performance of the pho-
todegradation process of dyes. While the MB adsorption process
under dark conditions only removes a certain amount of MB and
reaches equilibrium after 60 minutes (Fig. 5), the MB treatment
efficiency increases following UV irradiation (Fig. 8), indicating
that photodegradation occurs and MB molecules are eventually
decomposed.
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Fig. 8. The influence of methylene blue initial
concentration on photocatalytic reaction performance (
d=8g/L, T=45°C, t =180 mins ).

Fig. 8 also shows that the MB treatment efficiency under UV
irradiation decreases from 93.8% to 37.7% when increasing the
initial MB concentration from 10 ppm to 100 ppm , and the grad-
ual adsorption process plays a major role in the MB treatment
process at high concentrations (at 100 ppm , the MB treatment
efficiencies with and without illumination are mostly identical).
This can be explained by the formation of OH' radicals on the
surface of the catalyst and the reactivity between OH® radicals and
dyes [46—49]. An increase in the initial concentration of MB leads
to a larger amount of MB molecules anchored on active sites of
the catalyst, partially blocking the adsorption of hydroxyl anions (
OH") on these sites, thus dropping the rate of formation of OH'
radicals. At the same time, according to the Beer-Lambert law,
high concentrations of MB render the path in solution through
which light photons travel more tortuous, thus reducing the num-
ber of photons to access the catalytic surface of Ag — Mg(OH)».
In other words, the nanocomposite catalyst will absorb much less
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photons, resulting in a significant decrease in the efficiency of pho-
todegradation. From Fig. 8, the initial MB concentration of 20 ppm
leads to a significantly high degradation efficiency of 82.8% after
3 hours of photocatalytic reaction, therefore this concentration is
selected for catalytic optimization. The observed experimental
results also render avocado peel extract-Ag- Mg(OH), nanocom-
posites a good option compared to some other photocatalysts in
similar MB degrading conditions (Table 1).

3.8. Effect of the ratio between catalyst mass and solution vol-
ume on photocatalytic reaction performance

100
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& 607 54.8
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S 40+
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Dose of Ag—Mg(OH), nanocomposite

Fig. 9. The influence of the dose of Ag — Mg(OH),
nanocomposite on the photodegradation efficiency of MB
under UV irradiation
(CmBo = 20ppm, T = 45°C, t = 180mins).

Investigating the influence of catalyst mass on photodegrada-
tion efficiency is also an issue that needs to be considered in order
to minimize costs from using materials while still ensuring high
treatment efficiency.

Fig. 9 shows that the decomposition efficiency of MB increases
as the volume of material increases, as the surface area of the ma-
terial is larger, creating favorable conditions for MB adsorption
and light absorption, thereby speeding up the reaction. At high
material dosages, however, the turbidity of the solution also in-
creases (due to additional light scattering of the material layer
near the light source position), causing an obstructing effect, lim-
iting the transmission of light into the solution. As a result, the
photodegradation rate tends to increase slowly, up to a certain
dosage limit where excess turbidity may reduce the MB removal
efficiency [54]. Apparently, when the material dosage is doubled
from 2 g/L to 4 g/L, such efficiency increases significantly (nearly
20%). Beyond this limit (from 4 g/L to 8 g/L ), however, it does
not increase much (less than 10%), causing a catalyst waste which
is not economically beneficial.

To sum up, investigating the effect of Ag — Mg(OH), dosage
on MB photodegradation essentially helps reduce material costs
while maintaining remarkable catalytic performances. It is there-
fore necessary to properly balance between photodegradation ac-
tivities and economic efficiency, as well as alleviating the unde-
sirable silver ion release to the environment. In this study, the

ratio between material mass and MB solution volume of 4 g/L is
considered optimal in terms of catalytic behavior and saving costs.

3.9. Regeneration of post-reaction Ag-Mg(OH), nanocomposite

Investigating the ability to regenerate materials is essential to op-
timize resource use, save costs while ensuring performance and
stable operation.

Fig. 10 demonstrates that following two regeneration cycles,
although the spent Ag — Mg(OH), mostly retains catalytic activity
in photodegradation, the 3-hour treatment efficiency has decreased
by approximately 20% with respect to that of the original material.

This could be ascribed to the loss of Ag nanoparticles following
washes with ethanol, or more possibly, the incomplete removal
of a fraction of adsorbed MB and decomposition products from
the surface of the catalytic material, which presumably limits the
ability of MB to access active centers during the next use. To
alleviate metal leaching, a less polar solvent (e.g. acetone) may
work for the washing step, while steric hindrance could be reduced
by an increased drying temperature up to 110 — 120°C, which
technically initiates the decomposition of methylene blue, but not
sufficiently high to trigger the sintering of Ag nanoparticles.

In other words, since the main application of Ag — Mg(OH),
nanocomposites is catalyzing the photodegradation of organic
dyes, it is essential to control the risk of releasing Ag'ions or
Ag nanoparticles into the aqueous medium. As referred from
Jiang et al.’s work [55], such release can be mitigated by three
governing factors: (1) strong bonds between phenolic ligands
and surface Ag nanoparticles, (2) medium or long carbon chain
in ligands to obstruct the leaching path, and (3) high Ag™ion
attraction to surface-bound ligands or the Mg(OH), support for
potential readsorption. As mentioned in section 3.1, the main
phenolic compounds from avocado peel extract are quercetin and
its derivatives, all of which are bulky molecules acting as both
reducing and capping agents and generally forming strong bonds
with Ag nanoparticles.

The loss of these ligands in the as-prepared material may
partially result in Ag™ion release; nevertheless, the support of
Mg(OH), nanorods may effectively capture both free Ag nanopar-
ticles and Ag™ions to minimize environmental toxicity [56].

4. Conclusions

In this study, Ag — Mg(OH), nanocomposites were successfully
synthesized through the use of avocado peel extract to reduce the
precursor AgNOj; from its 0.001 M aqueous solution. Combined
characterization results from UV-Vis, XRD, SEM and EDX confirm
the presence of uniformly dispersed Ag nanoparticles (20-50 nm in
diameter) on the surface of Mg(OH); nanorods ( 250 — 300 nm in
length). The catalytic activity of the biosynthesized nanomaterial
was investigated through the photodegradation of methylene blue
(MB) solutions, revealing a remarkable decomposition efficiency of
82.8% at 45°C after 3 hours from an initial MB concentration of 20
ppm and a nanomaterial mass - liquid volume ratio of 8 g /L. Stud-
ies on factors affecting the nanocomposites’ catalytic performance
also provide valuable data. The chemisorption process without UV
illumination is compatible with both Langmuir (K, = 0.034 L/mg
) and Freundlich ( Kg = 0.1505mg/g ) isotherms, while the subse-
quent photodegradation of MB follows pseudo first-order kinetics
(X' = 0.0051min"! ), and the decomposition efficiency gradually
decreases with increasing initial concentrations of MB. Regarding
catalyst loading, the nanomaterial mass - liquid volume ratio of
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Table 1. Equivalent methylene blue degradation efficiencies of some nanophotocatalysts under UV irradiation (
Cmpo = 20ppm, T = 30 — 45°C, t = 180mins ).

Nanophotocatalyst ~Degradation efficiency (%) Reference
CeO,@Sp 88.8 [50]
Ag —Mg(OH), 82.8 This work
Ag —CuO 80.0 [51]
TiO, /Nd,03 729 [52]
TiO, 62.7 [52]
ZnO/clay 58.0 [53]
100 [2] O.Fruhwirth, G. Herzog, I. Hollerer, and A. Rachetti,
90 4 (1985) “Dissolution and hydration kinetics of MgO” Sur-
face Technology 24(3): 301-317. DOI: 10.1016/0376-
T % 4583(85)90080-9.
¢=>,‘ 07 [3] S.W.Kim, L. Kim, and D. J. Moon, (2013) “Synthe-
O 60 sis and characterization of magnesium oxide supported
;...c—; 50 J catalysts with a meso-macropore structure” Journal of
o nanoscience and nanotechnology 13(8): 5750-5753.
g 40 DOL: 10.1166/jnn.2013.7038.
€ 30 —=— Fresh . . “ .
&, 15t regeneration [4] N.'M. Julkapli and S. Bagheri, (2016) “Magnesium
20 —A— 20 regeneration oxide as a heterogeneous catalyst support” Reviews in
10 Inorganic Chemistry 36(1): 1-41. DOI: 10.1515/revic-
2015-0010.
0 — T T T T T T T T T T T T * T T T T . .
0 20 40 60 80 100 120 140 160 180 200 [5] D. Iln, X. Gu, X. Yu, G. Dlng, H. Zhu, and K. Yao,

t (mins)

Fig. 10. Catalytic activity of Ag — Mg(OH),
nanocomposite after 2 regeneration cycles under UV
irradiation (d =4 g/L, T = 45°C, Cygyp = 20ppm).

4 g/L is technically more efficient than 8 g/L in terms of both
catalytic performance and economical aspects. In addition, the
spent Ag — Mg(OH); nanocomposite can be regenerated through
simple washes with ethanol and hours of drying before reused,
exhibiting a comparable MB conversion with respect to the fresh
catalyst’s performance. In general, this research paves way for fu-
ture studies to further optimize the biosynthesis of Ag — Mg(OH)»
nanocomposites, in terms of both greener methods and material
composition, and to exploit their uses in the photodegradation of
other common industrial organic dyes, effectively contributing to
the field of wastewater remediation.
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