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Iron oxide nanoparticles were synthesized by the chemical precipitation method at 25 and 
80 °C using polyvinylpyrrolidone (PVP) and aloe vera/polyvinyl pyrrolidone (AP) as capping 
agents. FTIR bands at 1584-1455 and 522-561 cm-1 confirm the formation of PVP- and AP-
capped iron oxide nanoparticles. The formation of magnetite and hematite phases was 
confirmed by powder X-ray Diffraction patterns. The elemental composition of the 
synthesized particles was confirmed by EDX. SEM analysis revealed a mixed morphology of 
spherical and irregular-shaped particles of average crystallite sizes ranging from 9 to 58 nm, 
as estimated from XRD and SEM measurements. Both PVP- and AP-capped nanoparticles 
were used as catalysts for the photocatalytic degradation of methylene blue under 
ultraviolet (UV) irradiation. After 180 min of irradiation with 20 mg of photocatalyst, 
degradation efficiencies of 53-82% were obtained, with AP-capped nanoparticles being 
more efficient, suggesting their potential as effective materials for the photocatalytic 
degradation of toxic dyes in wastewater. 
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1. Introduction 
 

There has been a great deal of recent interest in the design 
and fabrication of nanomaterials with specific morphologies 
and crystallite sizes due to their unique electrical, magnetic, 
optoelectronic, adsorptive and photocatalytic properties [1]. 
Metal oxide nanoparticles (MONPs) are versatile materials with 
a wide range of applications that have been extensively studied 
due to their high stability, ease of preparation, ability to obtain 
desired size, shape, and porosity, as well as large surface area 
to allow functionalization and interaction with biological and 
chemical systems [2]. Despite the effectiveness of metal oxide 
nanoparticles, these materials still suffer from limitations such 
as rapid recombination rate, wide band gap, and reusability. 
Among metal oxide nanoparticles, iron oxide nanoparticles 
(IONPs) have recently attracted considerable interest due to 
their biocompatibility, nontoxicity, catalytic activity, low cost, 
and environmental friendliness [3,4]. Iron oxide nanoparticles 
have been extensively studied due to their wide range of 
applications in biomedicine therapy, environmental remedia-

tion, catalysis, and other industrial processes due to their low 
band gap and magnetic properties, which makes them 
recyclable [4-6]. The degradation of pollutants using these 
materials depends on their stability and surface area. Several 
synthetic approaches, including physical [5-7] and chemical 
[8,9] methods, have been used to prepare iron oxide nano-
particles for the removal of dyes from wastewater. Dasgupta et 
al. synthesized iron (Fe2+/Fe3+) oxide nanoparticles using the 
chemical precipitation method and evaluated the photo-
catalytic activity of the particles obtained in the degradation of 
methylene blue (MB) [10]. Bachir et al. also reported the 
synthesis of α-Fe2O3 attached to a polyurethane polymer for 
photocatalytic degradation of MB dye [11]. Louisah et al. [12] 
synthesized Fe3O4 and studied its photocatalytic degradation of 
MB in water, sometimes using toxic solvents, high pressures, 
and temperatures and producing agglomerated iron oxide 
nanoparticles with various morphologies [13-15]. 

Co-precipitation is a wet chemical synthesis method that is 
easy to implement, cost-effective, and produces small 
nanoparticles [16]. This method uses synthetic polymers such 
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as polyvinylpyrrolidone (PVP) and polyvinyl alcohol (PVA) as 
capping agents for the preparation of iron oxide nanoparticles. 
Shaik et al. [17] synthesized iron oxide nanoparticles for 
hyperthermia using PVP as a sealing agent, resulting in 
nanoparticles with an average size of 5-9 nm, but very little 
attention has been given to studying their photocatalytic 
properties. Although efforts have been made to control the size, 
morphology, and dispersibility of iron oxide nanoparticles for 
specific applications, the subject remains a challenge due to the 
high magnetism of iron oxide nanoparticles, which favors 
agglomeration and limits their photocatalytic application 
[8,18]. 

Plant extracts such as aloe vera extract have been used for 
the synthesis of IONPs. These extracts which are usually made 
up of phytochemicals such as flavonoids, alkaloids, and 
polysaccharides are rich in hydroxyl and carbonyl groups that 
can act as reducing agents, stabilizing and capping agents, 
producing small, well-dispersed, and stable IONPs that can 
easily be used for the degradation of organic dyes [19-22]. 

Organic pollutants have considerable adverse effects on the 
environment and human health. Among the various organic 
pollutants, dyes are the most frequently used and are 
discharged into aqueous environments [20]. These dyes are 
dangerous, carcinogenic, and toxic and have harmful effects on 
human health, the environment, and aquatic ecosystems. 
Several methods have been used to eliminate these dyes from 
water sources [10,20]. Most of these methods are associated 
with secondary pollution problems and complicated 
procedures; high costs, expensive installation, incessant energy 
input, low disposal efficiency, and the products cannot be 
reused. Therefore, it is necessary to develop an efficient and 
environmentally friendly protocol for the degradation of toxic 
dyes. The degradation of Methylene blue involves the interac-
tion of a photocatalyst (nanoparticles) with light radiation to 
generate reactive species (hydroxyl radicals (•OH)) that break 
down the dye into smaller, less harmful compounds like CO2, 
H2O, and inorganic ions. This process decolorizes and degrades 
methylene blue in aqueous solutions, making it a potential 
method for wastewater treatment. The degradation leads to the 
breakdown of the dye molecule, especially the aromatic rings of 
MB. 

Several studies have been reported on the effect of 
polymers such as PVP or plant extracts such as aloe vera extract 
on the shape and size of IONPs [23], but, to our knowledge, no 
studies have been carried out to examine the synergistic effect 
of encapsulating polymers/plant extracts such as aloe vera on 
the size, shape, crystallinity, optical and photocatalytic 
properties of IONPs. 

In this work, we report the synthesis of recyclable iron 
oxide nanoparticles using the Co-precipitation method, and we 
study the synergistic effect of the combination of aloe Vera gel 
extract and PVP as stabilizing agents on the size, morphology, 
crystallinity, surface properties, and agglomeration pattern of 
iron oxide nanoparticles. We also report the effect of 
temperature on the photocatalytic properties of iron oxide 
nanoparticles prepared using aloe Vera/PVP as a coating agent. 
 
2. Experimental 
 
2.1. Reagents 
 

All reagents used in this study (Iron(III) chloride, 97%; 
iron(II) chloride, 43%; sodium hydroxide, 97%; ethanol, 95% 
and polyvinyl pyrrolidone, 100%) were obtained from 
commercial sources and used without further purification. 
 
2.2. Instrumentation 
 

Fourier transform infrared (FTIR) spectroscopy was 
performed on a Genesis FTIRTM spectrometer (ATI Mattson) 

equipped with a DTGS (deuterated triglycine sulfate) detector 
operating in transmission mode in the spectral range of 400 to 
4000 cm−1. X-ray diffraction (XRD) measurements were 
performed using a Rigaku Rint 200 diffractometer with MoKα 
radiation source (with λ = 0.70930 nm). Scanning electron 
microscopy (SEM) analyses were performed using a ZEISS EVO 
scanning electron microscope equipped with energy-dispersive 
X-ray spectroscopy-EDX (Carl Zeiss Gemini SEM 500, Germany). 
Optical absorption measurements were conducted using an 
Ocean Insight FX-VIS-IRS-ES spectrophotometer at room 
temperature. For N2 sorption measurements, a BELSorp Max 
instrument was used. Before measurements, the samples were 
activated for 16-24 h at 100 °C under reduced pressure (< 10–2 
kPa). 
 
2.3. Methodology 
 
2.3.1. Preparation of aloe vera extract (AG) 
 

Fresh aloe vera leaves were obtained from the Mfoundi 
market in Yaoundé and washed thoroughly with distilled water 
before cutting into small pieces. The whitish gel of Aloe Vera 
was then separated from the green part using a scalpel and 
macerated to obtain a liquid gel that was stored at 4 °C [23]. 
 
2.3.2. Synthesis of PVP-capped iron oxide nanoparticles 
(IONPs) 
 

A solution of Fe(III): Fe(II) in a 2:1 molar ratio was prepared 
by dissolving of FeCl2.4H2O and FeCl3.6H2O in 30 mL of distilled 
water. The solution was then added dropwise to a 30 mL 
solution of PVP. The resulting mixture was stirred for one hour 
at 25 °C (room temperature) and the pH was adjusted to pH = 
12 by adding NaOH (5M). The resulting mixture was stirred 
under N2 gas for one hour and the resulting black precipitate 
was washed with distilled water, centrifuged at 1000rpm and 
dried in an oven [24]. This precipitate was then calcined at 
500°C for 2 hours to obtain the iron oxide nanoparticles. The 
same procedure was repeated at 80 °C. The resulting 
nanoparticles were labelled IP-25 and IP-80 for the sample 
synthesized at 25 and 80°C, respectively. 
 
2.3.3. Synthesis of AG/PVP(AP)-capped IONPs 
 

A solution of Fe(III): Fe(II) in a molar ratio of 2:1 was 
prepared by dissolving FeCl2·4H2O and FeCl3·6H2O in 30 mL of 
distilled water. The solution was then added dropwise to 60 mL 
of a freshly prepared extract of aloe vera gel solution to which 
0.2 g PVP had previously been added. The mixture was stirred 
for one hour at room temperature and the pH of the solution 
adjusted to 12 by adding NaOH (5 M). The resulting mixture was 
then stirred under N2 gas for one hour and the black precipitate 
obtained was washed, centrifuged, and dried in an oven at 60 ° 
C for 48 hours. The precipitate obtained was then calcined at 
500 °C for 2 hours to obtain iron oxide nanoparticles. The same 
procedure was repeated at 80 °C. The resulting nanoparticles 
were labelled IAP-25 and IAP-80 for the sample synthesized at 
25 and 80 °C, respectively. 
 
2.3.4. Photocatalytic studies 
 

For each photocatalytic study, 20 mg of nanoparticles as 
catalyst was added to a solution of methylene blue (MB), (50 
mL, 1×10-5 mol/L) as model pollutant while stirring. The 
adsorption-desorption equilibrium between the nanoparticles 
and the MB dye solution was established for 90 min in the dark. 
Once equilibrium was reached, the solution was irradiated with 
a UV lamp of power 60 W/m2 and λ = 365 nm. Aliquots were 
collected at 15 min intervals and centrifuged.  
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Figure 1. IR spectra of (a) IP-25, (b) IP-80, (c) IAP-80, and (d) IAP-25. 
 

 
 

Figure 2. XRD spectra of (a) IP-25, (b) IAP-25, (c) IAP-80, and (d) IP-80. 
 
The absorbance of the resulting solutions was analyzed 

using UV-Vis-NIR spectrophotometer at the maximum 
wavelength for MB (λ = 662 nm). The efficiency of 
photodegradation for each time period was calculated using 
Equation 1 [25] 
 
%Removal = 𝐴𝐴𝑡𝑡−𝐴𝐴𝑜𝑜

𝐴𝐴𝑂𝑂
 × 100     (1) 

 
where At = absorbance of MB at t seconds; Ao = initial 
absorbance of MB. 
 
3. Results and discussions 
 
3.1. FT-IR studies 
 

The IR spectra of iron oxide nanoparticles (IONPs) are 
shown in Figure 1 and the IR spectra of PVP and aloe vera are 
shown respectively in Figures S1a and S1b. All samples show 
the same peak as seen in the spectra. The bands in the range 
3362-3458 and 1584-1455 cm-1 correspond to the O-H 
stretching and H-O bending of adsorbed water on the surface of 
IAP-25, IP-25, IAP-80 and IP-80, respectively, and can be 
explained by the presence of PVP in the synthetic media and the 
probable adsorption of moisture from the atmosphere onto the 
surface of nanoparticles. The bands at 536, 522, 561 and 549 

cm-1 correspond to the Fe-O bond in IAP-25, IP-25, IAP-80 and 
IP-80, respectively [9,13,24,26,27]. 
 
3.2. Powder XRD studies of PVP-capped iron oxide 
nanoparticles (IP-25 and IP-80) 
 

Powder X-ray diffraction was performed on PVP-capped 
IONPs (IP-25 and IP-80) and aloe vera/PVP-capped IONPs (IAP-
25 and IAP-80) to determine the phase composition and 
crystallinity. The results of the p-XRD measurements are shown 
in Figure 2. For IP-25, peaks were observed at 2θ = 13.6, 16.0, 
19.4, 23.8, 25.3, 27.6, 37.8° corresponding to the (220), (311), 
(400), (422), (511), (440), (731) cubic planes of magnetite 
phase with reference code ICSD 03-067-3107[9]. For IP-80, 
peaks were observed at 2θ = 24.0, 33.2, and 35.5° 
corresponding to the (012), (104), (110) cubic planes of the 
hematite phase (ICSD 00-024-0072). For IAP-25, peaks were 
observed at 2θ = 31.7, 35.3 and 42.9° corresponding to the 
(220), (311), and (400) cubic planes, corresponding to 
magnetite phase with reference code ICSD 03-067-3107, while 
for IAP-80, peaks were observed at 2θ = 31.7, 35.0, 45.4, 56.4°, 
corresponding to (220), (311), (331), (511) cubic planes of 
magnetite with reference code ICSD 03-067-3107.  
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(a) 

 

 
(b) 

 
(c) 

 
(d) 

 
Figure 3. SEM images of (a) IP-25, (b) IP-80, (c) IAP-80, and (d) IAP-25. 

 
The data obtained were compared with the reference data 

in the ICSD database, and the peaks in IP-25, IAP-25, and IAP-
80 correspond exactly to the cubic phase of magnetite (ICSD 03-
067-3107) while the peaks in IP-80 correspond to the cubic 
phase of hematite (ICSD 00-024-0072). The sizes of the 
nanoparticles were determined using Scherrer Equation 2: 
 
D = 𝐾𝐾𝐾𝐾

𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽
       (2) 

 
β= Full width at half maximum for the most intense diffraction 
peak, θ = Angle for the most intense peak. 

The crystallite sizes of IP-25 and IP-80 were determined to 
be 19.05 nm, and 17.26 nm, respectively. The sizes obtained in 
this study are smaller than those obtained by G. Pandey et al. 
[28] who synthesized magnetite with PVP as capping and 
obtained a crystallite size of 32 nm. On the other hand, the sizes 
of IAP-25 and IAP-80 were determined to be 15.28 and 57.52 
nm, respectively. These results differ from those obtained in 
studies using aloe vera or PVP [23,29,30]. 

Comparing the sizes of PVP-capped IONPs and AP-capped 
IONPs at both temperatures, we observe that the mixed capping 
of IONPs with aloe vera and PVP leads to a reduction in 
crystallite size at low temperature (from 19.05 to 15.28 nm). 
Thus, we can say that the synergy between aloe vera/PVP 
affects the crystallite size of the particles, resulting in smaller 
particles than those of PVP-capped IONPs. This result obtained 
is comparable to that obtained by Raghad Zein et al. (2022) [31] 
who studied the influence of PVP on the properties of green 
synthesized silver nanoparticles. This size reduction can be 
explained by the synergistic action of phytochemicals in aloe 
vera (alkaloids, flavonoids and polysaccharides) and the C=O 
bond in PVP through which PVP bonds to the surface of iron 
oxide particles, thereby limiting particle growth [10,13,19,32]. 
The sizes obtained in this study are smaller than those obtained 
using aloe vera or PVP alone [23,33]. Thus, aloe vera/PVP can 
be used to synthesize IONPs of small crystallite sizes for 
photocatalytic applications. 
 

3.3. SEM/EDX analysis 
 

The morphology and elemental composition of the particles 
were determined by SEM and EDX analysis. Images of the 
synthesized samples are presented in Figure 3. The images 
show that all samples have a mixed morphology of spherical 
and irregularly shaped particles. The particles are more 
agglomerated when aloe vera/PVP is used as the capping agent 
than when PVP alone was used at both temperatures. This is an 
indication that the particles may be more dispersed in PVP than 
in aloe vera/PVP. Thus, the use of a combination of aloe 
vera/PVP as the capping agent did not improve the disper-
sibility of the iron oxide NPs. Furthermore, the grain size of the 
particles at low temperature was estimated to be 29.2±10.4 nm 
for IP-25 and 26.5±12.7 nm for IAP-25, while at high 
temperature, the grain size was estimated to be 9.73±2.80 nm 
for IP-80 and 32.84±15.19 nm and IAP-80, respectively [18,34]. 

These results suggest that the synergy between aloe vera 
and PVP reduces the size of the resulting particles at low 
temperature while favoring growth and size increase at high 
temperature. This increase in size can be explained by the 
denaturation of aloe vera with increasing temperature. Heurta 
et al. [35] showed that at 53.2 °C, 50% of the aloe vera plant 
membrane is damaged. This suggests that at 80 °C, the 
phytochemicals (flavonoids, alkaloids, and polysaccharides) in 
aloe vera that play an active role in the capping of the 
nanoparticles are structurally modified; hence, crystallite 
growth is preferred. The sizes obtained from SEM measure-
ments differ from the results obtained from XRD measure-
ments, most probably due to the agglomeration of the isolated 
nanoparticles. From these results, we observe that the mixing 
of aloe vera/PVP favors reduction in size of the resultant 
particles at low temperature. The particle size distribution 
obtained from the SEM images using ImageJ software is shown 
in Figure 4. Table 1 gives a summary of the crystallite sizes and 
grain sizes obtained in this study. 
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Table 1. Crystallite size and grain size of IONPs. 
Samples Size from SEM (nm)  

(Present work) 
Size from XRD (nm) 
(Present work) 

Size (nm) 
(Published work)  

IP-25 29.20 19.05 30.00 [28] 
IP-80 9.73 17.26 18.02 [30] 
IAP-25 26.50  15.28 13.00 [31] 
IAP-80 32.84  57.52 - 
 

(a) 
 

(b) 
 

(c) 
 

(d) 
 

Figure 4. Particle size distribution of (a) IP-25, (b) IP-80, (c) IAP-8, and (d) IAP-25 
 

The EDX spectra (Figure S2) of the different samples 
indicate the presence of the main elemental components of the 
iron oxide nanoparticles (iron (Fe), oxygen (O)) confirming the 
formation of the iron oxide nanoparticles. Table 2 shows a 
summary of the weight percentage of iron and oxygen in the 
different samples. The presence of Cl and Na on the EDX spectra 
originates from the precursors of the synthesis (Table 2). 
 
3.4. Adsorption studies 
 

The surface properties of the synthesized iron oxide 
nanoparticles were determined by using BET analysis for the 
specific surface area (S), pore diameter (Dp), and pore volume 
(V). The PVP-capped samples had specific surface areas of 28.98 
m2g-1 and 20.99 m2g-1 for IP-25 and IP-80, respectively (Table 

3). The aloe vera/PVP-capped samples had specific surface 
areas of 35.60 and 25.87 m2g-1 for IAP-25 and IAP-80, 
respectively (Table 3). The results show that the dual capping 
of aloe vera and PVP increases the surface area of the 
synthesized IONPs. Porous volumes were evaluated as 0.021, 
0.014, 0.024 and 0.018 cm-3g-1 for IP-25, IP-80, IAP-25, and IAP-
80 respectively. The mean pore diameters were evaluated as 
2.89, 2.70, 2.73, 2.78 nm for IP-25, IP-80, IAP-25 and IAP-80, 
respectively. The results indicate that all materials are 
mesoporous [12] and can be used effectively as adsorbents and 
for photocatalytic applications. Table 3 summarizes the BET 
results. 
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Table 2. Weight percentages of Fe and O  
Sample Fe O 
IO-PVP-25 41.60 21.90 
IO-PVP-80 65.60 23.10 
IO-AP-25 50.80 22.20 
IO-AP-80 39.00 31.60 
 
Table 3. Surface characteristics of iron oxide nanoparticles. 
Samples Specific surface area (S/m2g-1) Pore diameter (Dp/nm) Pore volume (V/cm-3g-1) 
IP-25 28.98 2.89 0.021 
IP-80 20.99 2.70 0.014 
IAP-25 35.60 2.73 0.024 
IAP-80 25.87 2.78 0.018 
 

(a) 
 

 (b) 

(c) 
 

 (d) 
 

Figure 5. Adsorption-desorption isotherms for (a) IP-25, (b) IP-80, (c) IAP-25, and (d) IAP-80. 
 
The adsorption isotherms (Figure 5) of both IP-25 and IP-

80 are more likely to follow the type IV adsorption isotherm and 
hysteresis loop of type H4, as obtained by Pandey et al. [28]. 
However, the IONPs capped with aloe vera/PVP are likely to 
follow the type IV adsorption isotherm with hysteresis loop H3 
[36]. This suggests a change in the shape of pores from small 
slit-shapes to larger slit shapes, increasing the surface area 
available for light interaction [37]. Therefore, this study shows 
that the dual capping of aloe vera/polyvinylpyrrolidone (PVP) 
enhances the surface area and modifies the shape of the pores 
of IONPs, making them favorable for use in photocatalysis. 
 
3.5. Optical properties of IONPs 
 

The optical properties of the IONPs were studied by 
measuring their UV absorbance (Figure S3-S6) The energy band 
gaps of the IONPs were determined from the Tauc plots (Figure 
S7). The energy band gap of 2.40 eV and 1.60 eV was obtained 
for IP-25 and IP-80, respectively, similar to those reported from 
previous studies [23,33]. The energy band gaps for IAP-25 and 
IAP-80 were found to be 2.60 eV and 2.20 eV, respectively. This 

result indicates that mixing aloe vera and PVP causes a blue 
shift in the energy band gaps of PVP-capped IONPs. This 
observed increase in the energy band gap could be due to the 
reduction in the nanometric size of the nanoparticles, which 
clearly shows the effect of the addition of aloe vera on the 
optical properties of the nanoparticles [38]. 
 
3.6. Photocatalytic studies 
 

The photocatalytic properties of the synthesized IONPs was 
examined by photocatalytic degradation of the MB dye using 
these materials as photocatalysts. Figure S8 shows the photo-
catalytic activity of each sample over a 180-minute period. MB 
was used as a dye to investigate the photocatalytic properties 
of the synthesized nanoparticles. The initial absorbance of MB 
(A0) was taken and the absorbance (At) was monitored at 15 
minute intervals for 180 minutes. The absorbances were 
recorded at a maximum wavelength of 662 nm. The degra-
dation efficiency of the MB dye was calculated for each 
prepared sample over the 180-minute period as shown in 
Figure 6. 
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Table 4. Comparison of MB dye degradation with iron oxides. 
Dye Source of light and intensity Time of irradiation/mins pH % Degradation Reference 
MB UV lamp, 150W 60 7 25 [12] 
MB Sunlight 120 7 34 [42] 
MB Mercury UV lamp, 250 W 90 7 45 [43] 
MB Xenon, Visible light 360 7 60 [41] 
Rhodamine B Sunlight 60 - 24 [44] 
MB UV lamp, 60W 120 7 81 Present work 
 

 
 

Figure 6. Photodegradation efficiency of IP-25, IP-80, IAP-25, and IAP-80. 
 

 
 

Figure 7. Mechanism and schematic diagram of the photodegradation of MB by IONPs. 
 
Figure 6 shows that all IONPs synthesized have 

some photo-catalytic activity. PVP-capped samples have 
photocatalytic activity lower than that of the synergistically 
synthesized aloe vera/PVP-capped IONPs. This suggests that 
the dual capping of aloe vera/PVP enhances the photocatalytic 
activity of IONPs. This increase in photocatalytic activity can be 
attributed to the larger surface area of aloe vera/PVP-capped 
IONPs resulting from a change in the pore shape from small to 
large slits. The larger slit pores allow for greater adsorption of 
MB dye before degradation by photoexcited electrons [39]. The 
study achieved a degradation efficiency of 81 % at pH = 7 using 
the IAP-25 sample, which is higher than the 25 % achieved by 
Louisah et al. [12] who used iron oxide nanoparticles 
synthesized with Burkeana plant extract for photocatalytic 
degradation of MB at pH = 7. The proposed mechanism of degra-
dation of MB by Fe3O4 is as follows [40,41]. 

UV light strikes bare Fe3O4 inducing the photogeneration 
electrons and holes. 
 
Fe3O4 + hv → e⁻ + h+     (3) 
 

The photogenerated electrons are picked up by dissolved 
oxygen (O2) in water to produce an active radical specie (O2˙¯). 
 
e⁻ + O2 → O2˙¯.      (4) 
 

Photogenerated holes (h+) are picked up by water 
molecules (H2O) to form OH.  
 
h+ + H2O → ˙OH      (5) 
 

Free radicals (O2˙¯ and ˙OH) are responsible for the 
degradation of activated MB. 
 
h+ +MB → MB+      (6) 
 
˙OH + MB → H2O +CO2     (7) 
 

The schematic diagram presented in Figure 7 illustrates the 
degradation mechanism of MB on IONP photocatalysts. The 
degradation efficiencies obtained in this study were compared 
with those of similar studies in the literature (Table 4) and the 
results show that the catalysts obtained in this study have 
improved the degradation efficiencies of the dye. 
 
4. Conclusions 
 

IONPs were successfully synthesised using only PVP only 
and combined aloe vera/PVP as capping agents. The aloe 
vera/PVP-capped IONPs exhibited smaller crystallite sizes as 
the PVP-capped IONPs, indicating that this method of synthesis 
is effective in producing small-sized IONPs. An increase in the 
synthesis temperature favoured the growth of crystallites in the 
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aloe vera/PVP-capped IONPs. The synthesis approach using 
combined capping agents (aloe vera/PVP) has a synergistic 
effect on the size of the IONPs, reducing crystallite growth and 
hence increasing the surface area of the IONPs, suggesting its 
potential use to synthesize IONPs with favorable surface 
properties for photocatalytic degradation of dyes like 
methylene blue. IONPs capped with aloe vera/PVP and synthe-
sized at low temperatures exhibit a higher photocatalytic 
degradation efficiency, indicating that high temperature has an 
impact on the photocatalytic degradation efficiency of IONPs on 
MB using aloe vera/PVP. 
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