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ABSTRACT

Nanomaterials have gained immense popularity in advanced materials
research due to their unique properties and potential applications in
various fields. This study synthesizes nanofluids from ash-derived sugarcane
bagasse nanosilica and evaluates their potential for practical and industrial
applications. Using a sol-gel method and a two-step ultrasonication
process, the nanofluids were characterized for particle size, agglomeration,
stability, and viscosity. SEM images revealed irregularly shaped nanosilica
particles with rough surfaces, indicating high surface areas and a tendency
to agglomerate. UV-Vis spectroscopy showed that absorbance values
decreased over time, indicating particle sedimentation or aggregation,
with lower concentrations (0.05 wt.% and 0.10 wt.%) demonstrating better
stability. Zeta potential measurements confirmed higher stability at lower
concentrations due to stronger electrostatic repulsion, while viscosity
measurements indicated effective dispersion without excessive thickening.
Additionally, pH measurements revealed its critical role in maintaining the
stability and dispersion of nanofluids, with optimal pH levels contributing
to improved electrostatic interactions and reduced agglomeration. These
findings suggest that lower concentrations of nanosilica provide better
stability and dispersion in nanofluids, offering valuable insights for future
formulation and application strategies in various industries.
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INTRODUCTION

Nanomaterials have emerged at the forefront of advanced materials
research, offering unique size-dependent properties spanning optical,
electrical, thermal, and mechanical domains. As the fundamental building
blocks underpinning nanotechnology revolution, nanomaterials are poised
to transform everything from biomedicine to energy systems [1]. Such
biogenic nanofluids could replace conventional heat transfer fluids in
applications ranging from electronics cooling to industrial heat exchangers.
Their economic viability hinges on addressing scalability and dispersion
stability limitations. Overall, nanofluid development from agricultural
residues promotes sustainable nanomanufacturing while tackling biomass
underutilization. This review focuses on two nanomaterials gradually
gaining prominence which are nanosilica and nanofluids. Nanosilica
refers to silicon dioxide particles fabricated at the nanoscale, exhibiting
characteristics distinct from bulk silica [2]. Nanofluids describe engineered
colloids comprising a base fluid with suspended nanoscale particles [3].

Nanosilica and nanofluids are two fascinating areas of research that
have garnered significant attention due to their unique properties and
potential applications. Nanosilica, referring to silica particles synthesized at
the nanometer scale, exhibits size-dependent properties that make it suitable
for reinforcing plastics, composite materials, and various industries such
as construction, biomedicine, automotive, and aerospace [4]. However,
challenges in terms of stability and dispersion of nanosilica in nanofluids
and foam formation concerns hinder its full utilization. Nanofluids, which
are suspensions of nanoparticles in a base fluid, have attracted attention for
their potential applications. Nanosilica has unique properties that make it an
attractive nanomaterial for various industries. However, achieving stability
and dispersion of nanosilica in nanofluids presents challenges due to strong
particle-particle forces [5].

One significant challenge when using nanosilica is foam formation,
especially in industries like concrete and cement-based materials. Excessive
foaming caused by nanosilica can impact the workability and stability of
fresh concrete. However, careful dosage optimization of nanosilica can
improve foam bubble stability while maintaining desired rheological
properties [6]. Nanosilica can induce foam formation in water or humid
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environments, affecting the performance of products in industries where it
is used as a reinforcing agent or filler. This occurs due to the presence of
water molecules on the surface of nanosilica particles, leading to hydrogen
bonding and subsequent foam formation [7]. Several factors can affect the
stability of nanosilica in nanofluids, including particle size, surface charge,
and the surrounding medium's pH and viscosity [8]. Other variables, such as
pH, temperature, and ionic strength, also play a significant role in nanosilica
stability in nanofluids [9].

Recent progress in synthesizing nanosilica using both commodity
chemicals and agricultural waste underscores its versatility and potential
for sustainable production. Traditional synthesis methods such as sol-gel
processing and carbon-thermal reduction have been extensively utilized [2].
However, the biogenic synthesis of nanosilica, which employs agricultural
waste materials, presents an eco-friendly alternative that aligns with waste
reduction and resource efficiency goals. Studies by Li e al. [1] and Prakash
et al. [3] have highlighted the significant thermal conductivity improvements
in nanofluids when nanosilica is utilized. Despite these findings, a gap
remains in the literature comparing various biogenic synthesis techniques
and their efficacy. Nanofluids, on the other hand, are liquid suspensions
consisting of nanometer-sized particles dispersed in a base fluid. These
fluids demonstrate enhanced heat transfer properties, particularly in terms
of thermal conductivity [4]. This characteristic has led to their utilization
in industries like automotive cooling, electronics cooling, solar energy
systems, and heat exchangers.

Recent literature unraveling the novel properties and burgeoning
applications for these nanomaterials, in addition to synthesizing diverse
production pathways. Notably, nanosilica adoption continues rising in
sectors like polymer composites, biomedicine, and catalysis. Its tunable
morphology, ease of surface functionalization, and lack of toxicity
underpins such widespread utility [2]. Nanosilica synthesis routes
can utilize commodity chemicals or agricultural waste feedstocks via
procedures like sol-gel processing or carbon-thermal reduction [10].
Alternatively, nanofluids boost heat transfer and thermal conductivity by
leveraging conductivity enhancements at particle-fluid interfaces. This
stimulates applications from solar thermal systems to electronic cooling
[11]. Intriguingly, nanofluid properties depend on parameters including
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particle material, size distribution, base fluid selection and temperature [12].
Promising one-step and two-step manufacturing pathways are compared.

METHODOLOGY

Material

Sugarcane bagasse, 10 ml of HCI 1 M, distilled water, 8 mL of 1 M
NaOH and Chinese ink.

Preparation of Nanosilica

The sugarcane bagasse was chopped into smaller pieces after being
cleaned and dried. Sugarcane bagasse was calcined for two hours at 650°C.
HCIl 1 M were used to leach sugarcane bagasse ash by the ratio 10;1 (HCl:
ash). Then, the mixture was continuously agitated for one hour at 100°C.
The residue underwent several washes with distilled water after the leached
sugarcane bagasse ash mixture was being filtered. | M NaOH was added to
the washed residue in the ratio of 8:1 (NaOH: residue). The mixture then
was continuously agitated for one hour at 100°C. Sodium silicate was the
filtrate obtained from the filtered mixture. For the gelling procedure, the
solution was titrated with 1 M HCl until pH 7 was achieved. The aqua gel
was created. It was oven for 1 hour at 60°C. The powdered xerogel made
of synthetic silica that was ground in an agate mortar. To produce silica
nanoparticles of uniform size, the resulting silica nanoparticles were sorted
using a 200-mesh screen.

Two-step method of Nanofluid

In this method, nanosilica was firstly prepared by using sol-gel method.
The nanosilica produced with a concentration ranging from 0.05-0.20 wt.%
were added into Chinese ink-distilled water solution to produce nanofluids
using two-step as depicted in Figure 1. Chinese ink as shown in Figure 2
was used as surfactant because carbon black particles and animal glue which
is collagen are presented in the Chinese ink [13]. This allow Chinese ink
functioning as an effective surfactant to improve nanoparticles stability in
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base fluid. The distilled water acts as the base fluid of the suspension. Then,
the nanofluid was dispersed using ultrasonic bath (Elmasonic S 80 H) for
20 minutes to break down the agglomeration of nanoparticles.

Nanofluid Prepared and Dispersed

Figure 1: lllustration of two-step method [14]

(a) (b)
Figure 2: (a) Chinese ink (b) Chinese ink-distilled water solution

Characterization of Nanosilica

The raw and modified clinoptilolite functional groups were examined
using a Fourier transform infrared spectrophotometer (PERKIN ELMER,
United States). The infrared spectra were recorded with a scanning frequency
ranging from 515 to 4000 cm™ The morphology of nanosilica powder
synthesized from sugarcane bagasse was examined using scanning electron
microscopy (SU3500, 2021, Japan) at magnifications of 5000X, 10,000X,
and 15,000X. The voltage applied for SEM image analysis is 15 kilovolts
(kV). The SEM images were captured to analyze the morphology, size
distribution of aggregates, porosity, and texture of the particles.
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Characterization of Nanofluid

Zetasizer Nano (ZSN)

Zetasizer Nano (MPT-2, 2019, United Kingdom) was employed for
the analysis of the nanofluid composed of nanosilica synthesized from
sugarcane bagasse and dispersed in a Chinese ink-distilled water solution.
The nanofluid was loaded into a disposable polystyrene cuvette designed
to facilitate accurate measurements. The Zetasizer Nano uses dynamic light
scattering (DLS) to determine the particle size distribution by analyzing
the fluctuations in light intensity caused by the Brownian motion of the
particles. Additionally, electrophoretic light scattering (ELS) was utilized to
measure the zeta potential, which indicates the surface charge and stability
of the nanofluid.

Ultraviolet-visible spectroscopy (Uv-vis)

UV-vis spectroscopy (Spectrophotometer DR 2700) was employed
to analyze the optical properties of a nanofluid composed of nanosilica
synthesized from sugarcane bagasse and dispersed in a Chinese ink-
distilled water solution. The procedure involves filling a clean cuvette
with the nanofluid and placing it in a UV-Vis spectrophotometer. The
spectrophotometer measures the absorbance of light across the ultraviolet
and visible spectrum, capturing the characteristic absorption peaks of both
the nanosilica and the ink. These absorption spectra provide insights into
the dispersion quality, particle interaction, and stability of the nanofluid,
which are critical for assessing its suitability for various applications.

Vibro Viscometer

The viscosity of the nanofluid, which includes nanosilica synthesized
from sugarcane bagasse suspended in a Chinese ink-distilled water solution,
was measured using a vibro viscometer (SV-10, Tokyo). The nanofiuid
sample was poured into the sample cup, ensuring it was free of air bubbles
and impurities. The sensor plates of the viscometer were then immersed in
the nanofluid, and the device was activated. The vibro viscometer measures
viscosity by detecting the resistance against the oscillating motion of the
sensor plates within the fluid. This provides a precise and rapid determination
of the nanofluid’s viscosity, which is essential for evaluating its flow
properties and potential applications.
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pH Meter

The pH of the nanofluid, which comprises nanosilica synthesized from
sugarcane bagasse and suspended in a Chinese ink-distilled water solution,
was determined using a digital pH meter (Mettler Toledo pH meter F-20,
China). The nanofluid sample was then placed in a clean beaker, and the
pH electrode was immersed into the solution. The pH reading was allowed
to stabilize before being recorded.

RESULTS AND DISCUSSION

Characterization of Nanosilica

In this study, nanosilica powder was successfully produced from
sugarcane bagasse using the sol-gel method as shown in Figure 3. The
process involved converting the bagasse into a silica-rich solution, which
was then precipitated and processed into nanosilica, demonstrating an
effective and sustainable approach to repurposing agricultural waste.

Figure 3: Sugarcane bagasse to nanosilica powder
Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectrum of conventional silica powder, presented in Figure
4 (Red line), serves as a benchmark for silica characterization. It exhibits
characteristic peaks at wavenumbers 3871 cm™, 3650 cm™, 3364 cm™', and
3243 cm™, corresponding to O-H and N-H stretching vibrations. These peaks
indicate the presence of hydroxyl and amine groups. The peak observed
at 2344 cm™ is associated with C=0 stretching vibrations, suggesting the
presence of carbon dioxide. Additionally, significant peaks at 1069 cm™
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and 791 cm™ are attributed to Si-O-Si stretching vibrations, confirming the
silica structure [15].
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Figure 4: FTIR spectra comparing conventional and synthesized silica powders

In contrast, the FTIR spectrum of synthesized silica powder, depicted
in Figure 4 (Blue line), displays peaks at wavenumbers 3912 cm™',
3743 ecm™, 3576 cm ™', 3339 cm ™', and 3208 cm™, corresponding to O-H
and N-H stretching vibrations. These peaks are slightly shifted compared to
those in the conventional silica spectrum, indicating possible differences in
hydrogen bonding and surface hydroxyl groups. Notably, the pronounced
peak at 1046 cm™, attributed to Si-O-Si stretching, falls within the 1000-
1100 cm™' range. The presence and intensity of this peak confirm the
successful abstraction of silica from sugarcane bagasse.

The focus of this analysis is on the main Si—O—Si stretching vibration
band which is at wavenumbers around 1000-1100 cm™ [16]. The significant
peak at 1046 cm™! in the synthesized silica powder is a critical indicator
of the successful extraction of silica from sugarcane bagasse. This peak's
presence and intensity highlight the efficiency of the synthesis process,
distinguishing the synthesized silica from the conventional benchmark.

Morphological Characterization (SEM)

The scanning electron microscopy (SEM) images provide a detailed
examination of the nanosilica particles at varying magnifications as shown
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in Figure 5. At 1,000x magnification (Figure 5(a)), the particles exhibit an
irregular and rough morphology with various sizes and shapes, forming
visible agglomerates.

(d) (©

Figure 5: SEM Images of Nanosilica at (a) 1000X Magnifications (b) 3000X
Magpnifications (c) 5000X Magnifications (d) 10000X Magnifications
(e) 15000X Magnifications

This rough texture suggests a high surface area, which is characteristic
of nanosilica materials. Similar morphological characteristics have been
observed in nanosilica synthesized from rice husk and wheat husk, where
irregular shapes and rough surfaces were reported, indicating high surface
areas suitable for various applications [17].

At 3,000x magnification (Figure 5(b)) reveals irregularly shaped
particles with rough surfaces. These particles appear to cluster together,
indicating potential agglomeration, which is typical for nanosilica due to the
high surface energy of nanoparticles. The size distribution within this image
is heterogeneous, with some particles forming larger aggregates possibly
composed of smaller individual units. This behavior aligns with findings
from other studies on nanosilica synthesized from biomass sources, such as
rice husk and corn cob, where similar agglomeration and size distribution
patterns were noted [17].
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Increasing the magnification to 5,000x (Figure 5(c)) reveals finer
structural details and porosity. The interconnected nature of smaller particles
forming larger aggregates becomes more evident, highlighting the material's
high surface energy and tendency for agglomeration. This magnification
also accentuates the porosity of the nanosilica, with visible pore structures
that enhance the material’s surface area. These characteristics are critical for
applications in catalysis and adsorption, where large surface areas and high
reactivity are advantageous. These characteristics are critical for applications
in catalysis and adsorption, as noted in studies involving nanosilica derived
from rice husk and sugarcane bagasse [17].

Taken at a higher magnification of 10000x with a scale bar of 5.0
um (Figure 5(d)), the nanosilica particles' irregular shapes and surface
details become more pronounced. This closer inspection highlights the
roughness and irregularities of the surfaces, showcasing the high surface
area characteristic of nanosilica. Additionally, some particles exhibit porous
structures, enhancing their applicability in fields that require large surface
areas, such as catalysis or adsorption. The visibility of pores at this scale
underscores the potential for enhanced adsorption capacities, like those
observed in nanosilica derived from other agricultural wastes like rice husk
ash and corn cob residues [17].

At the highest magnification of 15,000x (Figure 5(e)), the intricate
surface texture and presence of fine pores and channels are clearly visible.
Individual nanostructures within the aggregates can be observed, providing
insights into the nanoscale features of the silica particles, such as surface
roughness and porosity. The fine porosity and extensive surface area
observed at this level are indicative of the nanosilica's high potential for
applications in fields such as environmental remediation, where large surface
areas and reactive sites are essential. The nanosilica’s high surface energy
and fine structure at this magnification underline its potential in advanced
applications, such as drug delivery systems, where precise interaction at
the nano level is crucial [17].
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Analysis of Nanofluid

Zetasizer Nano (ZSN)

In this study, we investigated the stability of nanofluids formulated with
nanosilica synthesized from sugarcane bagasse and dispersed in a Chinese
ink-distilled water solution. The stability of these nanofluids was assessed
through zeta potential measurements as displayed in Figure 6, which reflect
the electrostatic interactions within the colloidal suspension.

(©) (d

Figure 6: Zeta potential graph for different nanosilica composition
(a) blank (b) 0.05 wt.% (c) 0.10 wt.% (d) 0.15 wt.% (e) 0.20 wt.%

The base fluid, comprising only the Chinese ink-distilled water solution
without nanosilica, exhibited a zeta potential of -23.7 mV (Figure 6 (a)),
indicating strong electrostatic repulsion and high stability in the absence of
nanoparticles. Upon introducing 0.05 wt.% nanosilica into the nanofluid,
the zeta potential decreased to -21.4 mV (Figure 6 (b)), suggesting a slight
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reduction in electrostatic repulsion but still maintaining moderate stability
with well-dispersed nanoparticles. Increasing the nanosilica concentration
to 0.10 wt.% resulted in a further decrease in zeta potential to -17.5 mV
(Figure 6 (c)), indicating a continued reduction in repulsive forces and
potentially higher susceptibility to particle aggregation. Notably, at 0.15
wt.% nanosilica, the zeta potential decreased marginally to -17.6 mV (Figure
6 (d)), suggesting comparable stability to the 0.10 wt.% concentration
despite the higher nanoparticle loading. However, at 0.20 wt.% nanosilica,
the zeta potential decreased further to -15.5 mV (Figure 6 (e)), indicating a
trend towards reduced stability with increased nanoparticle loading. These
results suggest that while lower concentrations of nanosilica may offer
better stability with higher zeta potentials, higher concentrations can lead
to diminished stability due to reduced electrostatic repulsion and increased
aggregation tendencies. Cruz Schneid et. a/ [18] investigated the behavior of
silica nanoparticle suspensions and found that the zeta potential decreases
with increasing nanoparticle concentration. This decrease in zeta potential
leads to particle aggregation and reduced stability of the suspension.
Metin et.al [19] emphasizes the importance of nanoparticle concentration
in maintaining the stability of colloidal suspensions and highlights how
higher concentrations can significantly affect the electrostatic interactions
and overall dispersion stability. Further investigations into optimizing
nanosilica concentrations and understanding the role of Chinese ink as a
dispersant will be crucial for enhancing the stability of nanofluids in various
practical applications.

Ultraviolet-visible spectroscopy (UV-vis)

The stability of nanofluids formulated with nanosilica synthesized
from sugarcane bagasse and dispersed in a Chinese ink-distilled water
solution was investigated using UV-Vis spectroscopy as shown in Figure
7. Absorbance readings were recorded at various time intervals (0, 30,
60, 90, and 120 minutes) for different concentrations of nanosilica (0.05
wt.%, 0.10 wt.%, 0.15 wt.%, and 0.20 wt.%), along with a blank sample
for comparison. From Figure 7, the initial absorbance values increased with
the concentration of nanosilica, with the highest absorbance at 0 minutes
observed for the 0.20 wt.% concentration (3.021) and the lowest for the
blank sample (2.799), indicating a higher number of dispersed particles in
the nanofluid at higher concentrations.
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Figure 7: Graph of absorbance reading for different concentrations against time

Over time, absorbance values for all concentrations decreased,
suggesting sedimentation or aggregation of nanosilica particles, which leads
to areduction in the number of dispersed particles in the solution. The most
rapid decrease in absorbance occurred within the first 30 minutes, after which
the values gradually stabilized. Among the different concentrations, the
0.20 wt.% concentration showed the most significant decrease in absorbance,
indicating less stability compared to lower concentrations. In contrast,
the 0.05 wt.% and 0.10 wt.% concentrations exhibited smaller changes
in absorbance over time, suggesting better stability. At the 120-minute
mark, absorbance values across all samples converged, with the 0.20 wt.%
concentration still displaying the highest absorbance (2.773), though much
reduced from the initial reading. The blank sample maintained the lowest
absorbance throughout the experiment, as expected due to the absence of
nanosilica particles. The UV-Vis analysis demonstrates that the stability
of nanosilica-dispersed nanofluids varies with concentration. Based on
the data obtained, these findings substantiate the conclusions of Pham and
Nguyen [20] who observed that lower concentrations of nanosilica exhibit
greater stability due to reduced inter-particle interactions, thereby mitigating
the likelihood of aggregation and sedimentation. Their study highlights
that higher concentrations lead to increased particle collisions, promoting
aggregation and subsequent instability, resulting in a noticeable decline in
absorbance over time.
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Lower concentrations (0.05 wt.%, 0.10 wt.% and 0.15 wt.%) exhibit
better stability over time, with smaller decreases in absorbance, indicating
that the nanosilica particles remain more evenly dispersed. In contrast, higher
concentrations (0.20 wt.%) show greater initial absorbance but experience
more significant decreases, suggesting aggregation and sedimentation
of particles. For applications requiring stable nanofluids, it may be
advantageous to use lower concentrations of nanosilica to maintain a more
stable dispersion over time. This analysis provides valuable insights into the
behavior of nanosilica in nanofluids, which can inform future formulation
and application strategies.

Viscosity of Nanofluid

The viscosity of the nanofluid formulated with nanosilica synthesized
from sugarcane bagasse and dispersed in a Chinese ink-distilled water
solution was measured using a vibro viscometer. Figure 8§ summarizes
viscosity reading for different concentrations nanosilica in nanofluid. From
Figure 8, the base fluid (0 wt.% nanosilica) exhibited a viscosity of 0.91
mPas. With the addition of 0.05 wt.% nanosilica, the viscosity increased
slightly to 0.92 mPas. Further increments in nanosilica concentration to
0.10 wt.%, 0.15 wt.%, and 0.20 wt.% resulted in viscosities of 0.93 mPas,
0.94 mPas, and 0.95 mPas, respectively. These results indicate a gradual and
consistent increase in viscosity with increasing nanosilica concentration.
This trend suggests effective dispersion of the nanosilica particles within
the base fluid, enhancing its resistance to flow without causing excessive
thickening. The modest increase in viscosity, approximately 4.4% at the
highest concentration, highlights the compatibility and potential of the
sugarcane bagasse-derived nanosilica for nanofluid applications. This
formulation provides a stable suspension with improved viscosity, suitable
for applications requiring enhanced thermal properties while maintaining
manageable fluidity.
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Figure 8: Viscosity at different concentrations nanosilica in nanofluid

The result aligns with the findings of previous research, which has
consistently reported that higher nanoparticle concentrations lead to an
increase in the viscosity of nanofluids [21]. The observed increase in
viscosity with higher concentrations of nanosilica can be attributed to the
enhanced interaction and aggregation of nanoparticles within the fluid. This
behavior has been corroborated by several studies, wherein the viscosity
of nanofluids was found to increase proportionally with nanoparticle
concentration due to intensified particle-particle interactions [22]. These
findings highlight the necessity to optimize nanoparticle concentrations in
nanofluids to achieve a balance between enhanced thermal properties and
manageable viscosity levels for practical applications.

pH of Nanofluid

The results exhibit a distinct trend that as the concentration of
nanosilica increases, the pH of the nanofluid transitions from acidic to basic.
The pH value of nanosilica in nanofluid at concentration 0.05 wt.% to 0.2
wt.% is shown in Figure 9. The control sample devoid of nanosilica, presents
a pH of 5.29 which indicates a slightly acidic environment. Introducing
0.05% nanosilica significantly elevates the pH to 8.46, indicating a shift to
basic conditions. Further increments in nanosilica concentration continue
to increase the pH values, with the highest tested concentration of 0.20%
achieving a pH of 9.02. These findings suggest that nanosilica from
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sugarcane bagasse has alkaline properties that significantly increase the
pH of the nanofluid. This increase is likely due to the hydroxyl groups on
the nanosilica particles, which release hydroxide ions (OH-) into the fluid.
Similar studies support these results. For example, research on nanosilica
from rice husk ash found that it increased the pH of water due to the
release of hydroxide ions [23]. Nanosilica from wheat husk showed similar
behavior, raising pH by interacting with water and releasing hydroxide ions
[24]. Studies on nanosilica from corn cob also confirm this trend, with the
particles increasing pH by introducing hydroxide ions into the solution [25].

10
346 8.87 8.96 9.02
8
6 5.29
aw
(=5
4
2
0
Blank 0.05% 0.10% 0.15% 0.20%
Concentration
Figure 9: pH at different concentrations nanosilica in nanofluid
CONCLUSION

This study examined the stability and properties of nanofluids made with
nanosilica synthesized from sugarcane bagasse, dispersed in a Chinese
ink-distilled water solution. The nanosilica particles were found to have
irregular shapes and rough surfaces, typical of high surface area materials.
They also showed a tendency to agglomerate due to their high surface energy.
UV-Vis spectroscopy revealed that absorbance values decreased over time
for all concentrations, indicating particle sedimentation or aggregation.
Higher concentrations (0.20 wt.%) were less stable compared to lower
concentrations (0.05 wt.% and 0.10 wt.%). Zeta potential measurements
supported these findings, showing that lower concentrations had higher
zeta potential values, indicating better stability due to stronger electrostatic
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repulsion. Higher concentrations had lower zeta potential values, suggesting
increased particle aggregation. Viscosity measurements showed a gradual
increase with higher nanosilica concentrations, demonstrating effective
nanoparticle dispersion within the base fluid without excessive thickening.
The pH of the nanofluid increased as more nanosilica was added, starting
from a slightly acidic pH of 5.29 without nanosilica to a basic pH 0f 9.02 at
the highest concentration. This is due to the release of hydroxide ions (OH-)
from the nanosilica particles. In summary, lower concentrations of nanosilica
(0.05 wt.% and 0.10 wt.%) provided better stability and dispersion, making
them more suitable for practical applications. The ability of nanosilica to
change the pH of the nanofluid can be useful for applications that need
specific pH levels. This study provides useful insights for improving the
formulation and use of nanosilica in various industries.
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