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Abstract

The nanoparticles (V205 and NiO) were synthesized via reflux and characterized
using various techniques including atomic force microscopy (AFM), scanning
electron microscopy (SEM), X-ray diffraction (XRD), UV/visible spectroscopy, and
Fourier-transform infrared spectroscopy (FTIR). Initially, the nanoparticles were
dried at 90 °C, to obtain the as prepared nanoparticles (V20s.1.8H,O and Ni(OH).),
followed by annealing at 500 °C to produce the oxide nanoparticles (V205 and NiO).
The average grain sizes of the nanoparticles as prepared were 30.51nm, 55.70 nm,
which decreased to 21.49 nm and 37.07 nm after annealing, respectively. The
nanoparticles were employed for the removal of amoxicillin (AMX) as a contaminant
in a water solution. V,0s.1.8H,O nanoparticles exhibited the most effective removal
activity among all types of nanoparticles, with a percentage removal (%R) of 64.01%
and a removal capacity (qt) of 5.89 g/mg. Therefore, vanadium pentoxide in its
prepared form (V,0s5.1.8H>0) demonstrated the best removal activity.
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1. Introduction

Pollution is one of the most pressing problems that contemporary societies face on a global
scale. A thorough understanding of its types and effects on human and environmental health is
crucial since it has a negative influence on every facet of life. The sustainability of life on Earth
is seriously threatened by ongoing environmental contamination; thus, knowledge and
comprehension of this issue are important [1]. Water contamination is a worldwide issue that
impacts all nations, irrespective of their degree of development. It is estimated that over 80%
of global wastewater is discharged untreated into the environment, significantly harming
ecosystems, human health, and the global economy [2]. Various contaminants can cause these
effects, including oxygen-depleting pollutants like organic debris from sewage and runoff from
farms [3]. Amoxicillin, a widely used antibiotic, effectively treats a range of bacterial
infections, including those affecting the ear, skin, respiratory system, and urinary tract. It works
well against a variety of bacteria, such as those that cause ear, skin, respiratory, and urinary
tract infections [4].

Various techniques have been employed to eradicate antibiotics from water and wastewater,
including adsorption methods, which are typically utilised to remove organic compounds by
employing appropriate adsorbents [5]. Hence, it is imperative to examine the mechanism of
antibiotics elimination through the process of adsorption in studies focused on adsorption.
Amoxicillin (AMX) has been detected in various aquatic environments such as effluents,
hospital effluents, and river and seawater. The harmful effects of this substance on aquatic
creatures have been recently documented [6]. Therefore, AMX was chosen as a representative
of antibiotics in this work on antibiotic removal utilising a novel adsorbent. The objective of
this study is to synthesise nanoparticles, specifically vanadium pentoxide and nickel oxide
nanoparticles, and study these nanoparticles for the removal of amoxicillin from aqueous
solutions and their optimum conditions [7].

2. Materials and Methods

All chemical reagents used in this study were of high purity and required no further
purification. Ammonium metavanadat (NH4VO3) with 99.9% was obtained from Sigma-
Aldrich, while cetyltrimethyl ammonium bromide (CTAB) with 99.0%, was sourced from
BDH, [(Ci6H33)N(CH3)3] Br. The hydrochloric acid (37%) and the urea (98.7%), potassium
permanganate (99.7%), sodium hydroxide (99.0%), amoxicillin (C1sH19N305S), (95%) from
Samara Drug industry were used in the experiments. Moreover, nitric acid (HNO3), (98%) from
Alpha Chem was used. The ethanols (97%) from Sigma-Aldrich, ammonium hydroxide
(99.9%) from Fluka, and Samara Drug Industry were utilized. The hydrogen peroxide (98%)
from BDH was utilized.

The following equipment was utilized: A Sartorius (Germany) sensitive electric balance; a
Jasco (India) magnetic stirrer; an FL 701383 (USA) shaker; a locally manufactured autoclave;
an MSE (England) bench centrifuge; Gallenkamp (Germany) oven and furnace; Jenway
(Germany) pH indicator and litmus test paper strip rolls. Fourier-transform infrared (FTIR)
spectroscopy was performed using KBr discs on a Shimadzu FTIR-8400S spectrometer (4000-
400 cm™). UV/Visible spectra were acquired using both a Shimadzu 1650 PC double-beam
spectrophotometer and a UV-1100 (England) single-beam spectrophotometer. Scanning
electron microscopy (SEM) employed a TESCAN VEGA microscope operating at 30kV with
10,000 magnification. Atomic force microscopy (AFM) was conducted using an SPM-AA
3000 instrument. X-ray diffraction (XRD) analysis was also performed.
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3. Results and discussion
3.1. Synthesis of Vanadium Pentoxide Nanoparticles (V205).

Vanadium pentoxide (V:0s) was synthesised using the hydrothermal method [8].
Concentrated nitric acid (HNQO:s), cetyltrimethylammonium bromide (CTAB), and ammonium
metavanadate (NH4VOs) were employed in the process. Specifically, 2 g (1.704 mmol) of
NH4VOs3 and 0.2 g (0.548 mmol) of CTAB were dissolved, respectively. Nitric acid was then
added dropwise while stirring until the pH was adjusted to 2.5. The mixture was then heated
and refluxed for six hours. After removing contaminants, the sediment product is repeatedly
cleaned in distilled water, as indicated in equations 1 to 3, dried for 60 minutes at 90°C, and
subsequently annealed for 120 minutes at °C.

2NH,VO; + 2HNO; + nH,0 ”’ﬁ# - V,0snH,0 + 2NH,NOs + (n— 1)H,0 (1)
V205.nH20 9OOC il V205. 18 H20 + (Tl - 18)H20 (2)
V,05.1.8 H,0 500°C > V,05 + 1.8 H,0 (3)

3.2. Synthesis of Nickel oxide Nanoparticles (NiO NPs)

Nickel oxide nanoparticles (NiO) were synthesised using Sol-gel methods, following the
procedure outlined in reference [9], which differs from the synthesis of V2Os. The sol-gel
technique is widely employed to produce different nanostructures and metal oxide
nanoparticles, while the hydrothermal method is a solution-based approach in nanotechnology
for producing nanomaterials. The synthesis was performed with some modifications utilizing
ammonium hydroxide (NH4OH), cetyltrimethylammonium bromide (CTAB), and nickel
(NiCl2.6H20). The utilisation of CTAB in this sol-gel technique results in the production of
NiO nanoparticles with reduced agglomeration. First, 3g (mmol) of NiCl>.6H>O was dissolved
in 200ml of distilled water. Next, it was mixed with 0.2g (mmol) of CTAB, which was
dissolved in distilled water and added to it. Finally, 3ml of NH4OH was diluted in 27ml of
distilled water, and titrated with the final solution (mixture of CTAB and nickel chloride) using
a magnetic stirrer until the reaction was finished, converting to a blue precipitate that was
repeatedly washed with distilled water.

Subsequently, the precipitate was dried at 90°C for 60 minutes and then annealed at 500°C for
120 minutes.

NiCl,. 6H,0 + 2NH,OH 90°C - Ni(OH), + 2NH,Cl + 6 H,0 (4)

Ni(OH), 500°C —» NiO + H,0 (5)

3.3. Adsorption of amoxicillin (AMX) pollutant

The nanoparticles (V20s.1.8H20, Ni(OH),), along with their annealing samples (V20s,
NiO,) were used for the adsorption of amoxicillin from an aqueous solution. Adsorption
experiments were performed following the procedure described in reference [10]. Moreover,
the concentration of AMX solution is 9.654 x 10* M, concentration of KMnOy is 8.033 x 107
M.

3.4. Consequences
3.4.1. Optical characteristics of nanoparticles.

A Shimadzu 1650 PC dual-beam UV-Vis spectrophotometer was employed to record the
optical absorption spectra of the materials. The ethanol-dispersed nanoparticle solutions
display optical characteristics between 250 and 800 nm in wavelength. As illustrated in
Figure 1, the band gap at two different temperatures (90°C and 500°C) can be determined by
plotting optical transmission versus wavelength. The values were calculated and used. To find
the size of the energy gap, use the following equation:
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Energy gap (eV) = 1240/1 max (6)

The symbol Amax represents the wavelength at which the first maximum transmittance
occurs. The factor 1240 is utilised to convert the unit of wavelength from nanometers (nm) to
electron volts (eV). Figure 1-a, depicts the phenomenon of red shift in the transmittance edge,
where the wavelength at which it occurs has grown from 383 nm (3.23 eV) for V,05.1.8H,0
to 520 nm (2.38 eV) for V20s, when the annealing temperatures were raised to 500 °C. This
finding is consistent with the reference [11]. The spectrum of Ni(OH),, as shown in Figure 1-
b, has undergone a red shift, moving to a higher wavelength. Specifically, it has shifted from
244 nm (5.08 eV) to 500 nm (2.48 e¢V) for NiO, as indicated by equation 6. These results are
consistent with the findings reported in reference [12]. The increased optical transmittance can
be attributed to the homogeneity of the structure and the crystallisation of particles.
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Figure 1: Nanoparticle optical transmittance (a: V20s, b: NiO after annealing at 90 °C and 500
°C, respectively. Shades of blue when prepared and crimson when annealed.

3.4.2. The FTIR spectrum

FTIR is a valuable technique for identifying the functional groups involved in the synthesis
of metal oxide synthesis is (FTIR). The nanoparticles were synthesised using KBr discs in the
400 cm™! to 4000 cm™! wavenumber range.

3.4.2.1. FTIR Spectra for V:0s.1.8H:0 and V:0s nanoparticles

Figure 2-a shows O-H stretching and bending vibrations are visible in the Fourier Transform
Infrared (FTIR) spectra of V20s5.1.8H20 nanoparticles (in their original state) after 60 minutes
of heating at 90 °C. A broad band at 3205 cm™ and a prominent peak at 1655 cm™! indicate
these vibrations, respectively. The carbon-carbon double bond (C=C) in CTAB is responsible
for the bending vibration, which is reflected at 1410 cm™. Wavenumbers 966 cm™, 729 cm™,
and 524 cm’!' are characterized by the peaks of vanadium pentoxide (V20s.1.8H>0)
nanoparticles. V=0, V-O-V symmetric, and V-O-V asymmetric modes correspond to the
vibrations of these peaks, respectively. As a bonus, a peak at 405 cm™ is seen for V-O stretching
[13].
Figure 2-b shows the V205 annealing procedure, which consists of heating the material to 500
°C for 120 minutes. The frequency of the stretching vibration of V=0 is 1020 cm™!, while the
frequency of the deformation mode of V-O-V is 823 cm™'. Bands at 597-476 cm™! are associated
with the stretching vibrations of V-O-V and V-O bonds in V2Os coordination [14].
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3.4.2.2. FTIR Spectra for Ni (OH); and NiO nanoparticles

In Figure 2-C, it can be observed that a peak at 3637 cm™' is observed in the Fourier
transform infrared (FTIR) spectra of Ni(OH): nanoparticles, which is attributed to the
stretching of O-H bonds [15]. Wavenumbers 522 to 454 cm™' are the most intense for the Ni-
O bond. Figure 2-D shows the Fourier transform infrared spectra of the nickel oxide sample
that was annealed at 500 °C. The broad spectral bands seen in Figure 2d between 1514 and
1016 cm™! are explained by the stretching of C=0 and the bending vibrations of H-O-H. The
stretching vibration of the O-C=0 bond is correlated with the signal at 833 cm'. In addition,
there is a peak at 511 cm™! and the stretching vibration of the C-O bond at 624 cm™.
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Figure 2: FTIR spectrum of (a)V20s5.1.8H20. (b) V205, (C) Ni(OH)2, (d) NiO)

3.4.3. The X-Ray Diffraction for V:0s.1.8H>0 and V;05 nanoparticles

Figure 3 displays the X-ray diffraction (XRD) results for V,0s.1.8H20, a compound
produced using the hydrothermal approach with reflexes at several temperatures, including as-
prepared at 90 °C and annealed at 500 °C. The 20 values of (11.299, 27.706, 30.642) correspond
to the diffraction peaks of (002), (411), and (600), and are the most prominent primary peaks
noticed. The major diffraction peaks of 20 = (20.1987, 26.029, 30.891) are identified by the
card number (JCPDS card No.01-089-0612) [17] and may be linked to V»0s.1.8H20.
According to the standard diffraction pattern, the V2Os planes (110), (100), and (002) exhibit
diffraction peaks. According to the information on JCPDS card no. 41-1426, these peaks are in
agreement with the V>Os pattern. Lattice parameters of a = 11.569 °A, b = 3.580 °A, and c =
4.160 °A, indicate that the diffraction peaks are caused by an orthorhombic structure of the
V20s5.1.8H20 phase [30]. It is possible to determine the particle sizes of the crystals by applying
the Scherrer equation (7). The nanocrystal defined by this equation belongs to the orthorhombic
system based on the acquired lattice constants. The Debye-Scherrer formula is widely used to
estimate crystallite size from the FWHM of XRD diffraction peaks.



Jehad and Rasheed Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx

D=KA/fBcos 0 (7)

The above equation depicts the connection between multiple parameters. The size of the
crystallite is denoted by D, the shape factor is denoted by k, which has a value of 0.98, the X-
ray wavelength is denoted by A, and the line broadening at half-maximum intensity (FWHM)
of an individual peak at 20 (where 0 is the Bragg angle) is denoted by y [18]. The Scherer
equation was used to find the average grain size of V2Os nanoparticles. Table 1, and equation
8 were used to estimate the lattice constants (a), (b), and (¢) of V20s5.1.8H20 and V05
nanoparticles, respectively.
1/d*nkv=h2/a2+k2/b2 +12/c2 8)
In this context, (d) stands for the distance parameter, (hkl) the Miller indices, and (a, b, c)
the lattice constants. The XRD data for V205 at 90 °C for 60 min and at 500 °C for 120 min are
shown in Table 1.

3.4.3.1. X-ray Diffraction for Ni (OH): and NiO nanoparticles

At 20 =(20.236, 26.108, 30.961) and 2 = (32.980°, 38.428°, 52.707°, 58.945° and 62.588°)
that correspond to the diffraction planes (100, 101, 102, 110 and 001) respectively. Figure 3c.
The lattice constant a= 3. 133 and c= 4.622 °A, (JCPDS number-04-0835), corresponding to
the hexagonal wurtzite phase of Ni(OH), nanoparticles, equation 9. And match those
mentioned in the cited work 7). Furthermore, apart from the typical NiO peaks, the XRD
spectrum displayed other peaks. Annealing results at 500 °C (JCPDS card No. 44-1159) and it
corresponds to a cubic structure with lattice constant a= 4.311°A [19]. Using the Scherrer
equation 7, one can find the NiO nanoparticles' crystal particle size and their lattice constants
equation 10. Figure 3d and Table 1 show how the Scherrer equation is applied.

1/ d*nkL = 4(R* + hk + k* )/ 3a2 + (I*/ C?) )
5 h? + k* + I?
Vg =—3— (10)
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Figure 3: The XRD of(a) V20s.1.8H20,(b) V20s,(C) Ni(OH)y,(d), NiO
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Table 1 The XRD results of metal oxide heated at 90 °C for 60 min and at 500 °C for 120 min

20 hk. FWHM d D Lattice constant (A°)
(deg) (deg) (A°) (A°) a b c
21376 010 0138 4153 579213  11.660 3550 4153
V2051.8 H20
27706 110 0.169 3217 477.231
30.642 400  0.204 2915  399.187
20.198 010  0.248 3.420 321209  11.569 3.700 4.153
V20s 26.029 110 0.248 3.420 324.525
30.891 301 0.287 2892  283.652
3842 001 0475 2340 175446 133 4622 oo
Ni(OH):
19.18 110 0.662 4622 120552 - e e
3298 200  0.344 2713 238905 e .
20.24 101 0.205 4384  391.044 4311 4311
NiO

26.11 100 0.183 3.410 441.573 - - -—--
30.96 002 0.221 2.885 370.754 - - ——-

3.4.4. Surface morphology
3.4.4.1. Vanadium pentoxide (V:0s) nanoparticles

Figures 4a and 4b display atomic force microscopy (AFM) images of V,0Os that were
synthesised and subjected to different temperatures for annealing (90 °C and 500 °C). The
findings indicate that the dispersion and accumulation of nanoparticles are initially observed
as large balls (Figure 4a), However, during annealing at 500°C, their size decreases (Figure
4b). The following equation describes the process by which water molecules are removed from
the sample, which is responsible for these results. Table 2 [18] demonstrates that when the
temperature increases from 90 to 500°C, the average grain size decreases from 30.51 nm
[V205.1.8H20] to 21.49 nm of V20s, which is in agreement with the results obtained from
AFM research.

3.4.4.2. Nickel oxide (NiO) nanoparticles

Figures 7a and 7b display atomic force microscopy (AFM) images of nickel oxide (NiO)
nanoparticles. These nanoparticles were produced and annealed at different temperatures. The
images show that the dispersion and accumulation of NiO nanoparticles change from an oval
shape (Figure 4c) to the largest size (Figure 4d). This transformation is caused by the fact that
when heated to 500°C, the majority of hydroxides (Ni(OH)») transform into oxides (NiO). The
data in Table 3 support this trend. Furthermore, increasing temperature leads to a decrease in
nanoparticle grain size, from 55.70 nm to 37.07 nm [19].
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Table 2:Variation of grain Size for vanadium oxide and nickel oxide at 90°C and 500 °C
Average grain size (nm)

Sample As-prepared (90 oC) Annealing (500 °C)
V205 30.51 21.49
NiO 55.70 37.07

3.4.5. Surface morphology by SEM

SEM was employed to investigate the morphology of the nanoparticles in the V20Os-1.8H20
and Ni(OH): samples. These samples were heated at 90°C for the initial 60 minutes of
synthesis. In contrast, the (V20s, NiO) samples, on the other hand, were annealed at 500 °C for
120 minutes. Figure 5a displays the results of the scanning electron microscopy (SEM) study,
which was carried out at a 2 um magnification. The surface of the samples showed a high
porosity structure, which was further enhanced by raising the temperatures used for preparation
and annealing, according to the data. Surface observations revealed nanoparticle clusters and
clumps. Clusters are shown in Figure 5a, which is the scanning electron microscopy (SEM)
picture of the unprocessed V205 nanoparticles. In contrast, NiO seems to have a cubical surface
morphology (Figure 5b). SEM picture of the NiO particles shows a broad range of particle
sizes and morphologies, including flaky and platelet-like particles [25]. The results from AFM
are consistent with the SEM images, which reveal the material to be nanoclusters. V20Os,
according to the AFM measurements, has the largest average grain size (21.49 nm) of all the
oxide nanoparticles after annealing at 500°C.

2 | .

-

N - T e /] - Vi

mmmmmmmm

Figure S: SEM image for (a) V20s5.1.8H>0, (b) V20s, (c) Ni(OH)», (d) NiO

4. Applications (Adsorption of Pollutants)
The produced nanoparticles, along with annealing, were examined for their ability to adsorb
amoxicillin as a pollutant. The following methodologies were employed in the studies:

4.1. The Adsorption of AMX Pollutants

The percentage removal (%R) of amoxicillin varied based on the type of composite and its
condition (either as prepared or annealed). The %R values for the nanoparticles were as
follows: V20s5.1.8H,O > Ni(OH),. For the samples obtained in this experiment, the
concentration of V2Os is greater than that of NiO. Regarding the annealing of samples, the
adsorption capacities (qt) of these samples followed the same order as they were prepared
(V205.1.8H20 > Ni(OH)»), and the opposite order (V205 > NiO) for annealed samples. This
difference may be attributed to the V205 sample having the smallest grain size (21.49 nm),
which results in the highest surface area for the adsorption of Amoxicillin, as depicted in Figure
6 and Table 3.
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4.1.1. Optimum conditions
The nanoparticles V20s5.1.8H2O and Ni(OH)> were utilized to adsorb pollutants in two
scenarios: as-prepared and under annealing conditions. Each nanoparticle, V2Os and NiO, was

prepared with a consistent weight (0.01 g) and volume (27 ml). The objective was to determine
the most effective nanoparticle for removing the pollutants (AMX).

a b
80 V.0 12 ¢ V,05.1.8H,0
T Ni(OH), 10 ¢
60 - V,051.8H,0 ~ = 8 V,0;
£ Ni(OH)
@ 7 ?D ol \ 1 )
NiO T 4
20 [~ 2 L NIO
0 0
0 1 2 3 0 1 2 3
Nanoparticle types Nanoparticle types

Figure 6: a: Percentage removal (%R), and b: adsorption capacity (qt) of Amoxicillin

contamination on to nanoparticles.

Table 3: Percentage removal (%R) and adsorption capacity (qt) of Amoxicillin contamination
on to nanoparticles.

Nano particles percentage removal (% R) Adsorption capacity (qt) mg/g

AS-prepared Annealing AS-prepared Annealing
V205 64.10 60.91 8.76 8.56
NiO 60.09 58.93 8.08 8.04

4.1.1.1. Optimum condition of V:05.1.8H>0 of amoxicillin pollutants

Various parameters were examined to ascertain the optimal settings, including the starting
nanoparticle weight, starting AMX concentration, the impact of shaking speed, and the impact
of shake time.

A. Effect of weight

The effect of weight on AMX pollution clearance was studied by using V20s.1.8H20 with
different weights (0.01, 0.015, 0.020, 0.025, 0.030, and 0.035) g while keeping the AMX
concentration constant at 9.654 X10* M. The experimental conditions comprised an alkaline
KMnO:s solution, shaking at 250 rpm for 15 minutes. Figure 7 and Table 4 provide a concise
summary of the data within 15-minute time frame. The AMX removal percentage had a
positive correlation with the weight of the sorbent (V20s5.1.8H>0), but showed a negative
correlation with increasing sorbent. The highest level of adsorption (58.96 %R, 0.266 qt) was
achieved with a weight of 0.015 g, while the other variables were pollutants.
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Figure 7: The effect of adsorbent weight on AMX removal.

Table 4: The relationship between the AMX pollutant and the percentage removal (%R)
corresponding with the weight of nanoparticles.

. ercentage
Weight (g) refnoval ("/% R)
0.01 57.142
0.015 58.964
V205.1.8H,0 0.02 57.021
0.025 57.142
0.03 55.309
0.035 53.636

B. Effect of AMX concentration

The elimination process was examined to determine the effect of different AMX
concentrations. The following AMX concentrations were used: 3.75, 7.5, 11.25, 15.00, 18.75,
22.50, and 26.25 ppm, with a constant weight of 0.015 g of V20s5.1.8H>0O. The parameters for
the shake were 250 rpm for the shaking speed, 15 minutes for the shake length, and 15 ppm for
the AMX concentration. Table 5 and Figure 8 summarise the results. An increased
concentration of AMX led to a faster elimination rate. Under constant conditions, the highest
adsorption was observed at a concentration of 15 ppm, with measurements of 56.666 %R and
4.89 qt. The accumulation of several layers of the adsorbent (AMX) onto the nanoparticles
could explain this behavior.

a b
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54 I~ 84 -
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46 *L 0
o 5 10 15 20 25 30 0 5 10 15 20 25 30
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Figure 8: effect of concentration on the removal AMX.
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Table 5: As a function of AMX concentration, the values of adsorption capacity (qt) and
percentage removal (R%)

Concentration (ppm) Percentage removal (% R) Adsorption capacity (qt(mg/g)

3.75 48.309 3.60
7.50 52.293 4.10
V20s5.1.8H20 11.25 55.066 4.50
15.00 56.666 4.89
18.75 55411 4.60
22.50 53.982 4.39
26.25 52.727 4.17

C. Effect of KMnQ4 concentration

The elimination process was examined to determine the effect of different KMnO4
concentrations. In particular, KMnOs concentrations of 28.24, 65.48, 84.72, 122.96, 141.20,
169.44, and 197.68 ppm were deployed. This experiment used the following variables: a pH
level of 10, a shaking speed of 250 rpm, a duration of 15 minutes, a fixed weight of
V20s5.1.8H20 (0.015 g), and an AMX concentration of 15 ppm. An abbreviated version of the
results is presented in Table 6 and Figure 9. Removing KMnO4 became more efficient as the
concentration of KMnOj4 rose. A concentration of 122.96 ppm resulted in the maximum
absorption (58.4%R, 5.11 qt) when all other factors remained constant. Nanoparticles may have
been coated with many layers of adsorbent (KMnQj4), which could explain this behavior.
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Figure 9: Effect of concentration on the removal of kmno4.

Table 6: The effect of kmno4 concentration on the values of adsorption capacity (qt) and
percentage removal (R %)

KMnOy4 concentration Percentage removal (% R) Adsorption capacity (qt)
28.24 50.00 3.81
56.48 52.94 4.21
V205.1.8H20 84.72 56.63 4.60
122.96 57.72 5.11
141.2 55.04 4.71
169.44 53.67 4.46

197.68 50.44 4.06
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D. Effect of shake speed

Using a shake time of 15 minutes, a concentration of KMnOj4 (122.96 ppm), a weight of
V20s.1.8H20 kept constant at 0.015 g, and shake speeds of 50, 100, 150, 200, and 250 rpm,
we examined the effect of shaking speed on AMX elimination. An abbreviated version of the
results is presented in Table 7 and Figure 10. An inverse relationship between shaking speed
and AMX elimination rate was observed. Setting all other parameters constant, the maximum
adsorption level was measured at 250 rpm (65.68 %R, 6.40 qt). This is related to the
relationship between the ramping up of velocities, which causes an increase in collision energy
and, consequently, adsorption. Instabilities and declines in the adsorption of particles on
nanoparticle surfaces occur at speeds greater than 250 rpm [23].
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Figure 10: Effect of shake speed on AMX removal.

Table 7: Results for the effect of shaking speed on percentage removal (%R) and adsorption
capacity (qt).

Shake speed Percentage removal (% R) Adsorption capacity (qt)mg/g
50 59.74 4.96
100 62.39 5.43
150 62.99 5.76
200 64.72 6.01
250 65.68 6.40

E. Effect of shake time

A constant weight of V20s.1.8H>O (0.015 g), a concentration of AMX of 15 ppm, a basic
solution of KMnOg, a shake speed of 250 rpm, and different shaking times ranging from 10 to
70 minutes were used to assess the impact of shake time on the removal of AMX. A brief
synopsis of the results reported in reference [23] is given in Figure 11 and Table 8. Maximal
elimination percentage of 58.4%R and a value of 5.25 qt can be achieved by increasing the
shaking period from 10 to 70 minutes. After 20 minutes, the optimal result is achieved. Beyond
this point, the time required gradually decreases, ranging between twenty and seventy minutes.
Particles dropping off nanoparticle surfaces as a consequence of higher particle collisions
increase the shaking time, which in turn causes the effects [24].
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Figure 11: Effect of shake time on AMX removal.

Table 8: The values of (%R) and (qt) for the effect of shaking time.

Shake time Percentage removal (% R) Adsorption capacity (qt)mg/g
10 55.55 4.68
20 58.40 5.25
V205.1.8H20 30 56.19 4.89
40 55.93 4.75
50 52.88 4.28
60 51.40 3.96
70 50.98 3.74

Conclusion

The hydrothermal method (reflex) was successfully employed to produce the nanoparticles,
which characterized using FTIR, UV-visible spectroscopy, XRD, SEM, and AFM. The results
indicate that these nanoparticles are effective in removing AMX from solution samples. Among
all these nanoparticles, vanadium pentoxide heated at 90 °C (V205.1.8H20) has the highest
adsorption capacity (qt) to remove AMX from water, which arrived at 8.76 mg/g. While its
annealing sample (V20s) has the highest adsorption capacity (qt) to remove AMX from water,
which arrived at 8.56 mg/g. Despite V,Os nanoparticles having lower average grain size (21.49
nm) compared with the V205.1.8H>O sample (30.51 nm). The reason for that may be related to
V,05.1.8H20 nanoparticles having more oxygen and hydrogen to form hydrogen bonds with
pollutants (AMX).
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