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 Abstract: 

A multipurpose instrument used extensively in industrial operations, medicinal applications, and scientific research is the ultrasonic probe 

sonicator. In order to prepare and homogenise samples, this article will examine the uses and capabilities of an ultrasonic probe sonicator. 

In order to cause a variety of effects, including extraction, emulsification, dispersion, particle size reduction, and cell lysis, the apparatus 

uses high-frequency sound waves to disturb materials. Understanding the fundamentals of ultrasonic sonication, especially the phenomena 

of cavitation, is the main objective of this research. Cavitation is the process through which tiny bubbles are formed by vibrations and 

swiftly burst, creating powerful localised forces. Better efficiency of extraction, dispersion, emulsification, cell lysis, and particle size 

reduction results from this cavitation-induced disruption or homogenisation of the sample. The article examines a number of real-world 

uses for sonicators for ultrasonic probes. The article seeks to offer important information about the effective and successful utilisation of 

ultrasonic probe sonicators to prepare samples and homogenisation by methodically examining the parameters and optimising their usage. 

The discoveries might improve a number of scientific, industrial, and medical procedures, resulting in greater product quality, larger 

extraction yields, and better analytical results. Along with improved preparation techniques and thermal characteristics of the nanofluids, 

optimal ultrasonication time will result in improved heat transfer performance. Using various preparation methods, nanoparticles are 

distributed at varying masses or volume fractions in base fluids such as water (water-based fluids), glycols (glycol base fluids), and oils. 

Important preparation methods can improve fluid stability, impact different parameters, and improve the fluid's thermophysical 

characteristics. 

Keywords: Industrial and medical applications, cavitation, emulsification, dispersion, and sonicator. 

 

Introduction: 

Particles in the nanometre range, known as nanoparticles dispersed throughout the liquid, make up nanofluids.[1, 2] Graphite, 

carbon nanotubes, carbides, oxides, metallic elements, graphene, and others are examples of these nanoparticles. The basic 

fluids utilised to dissolve the nanoparticles are oil, ethylene glycol (EG), water, and glycerol.[3, 4] Heat exchangers for heat 

transmission, electronics cooling, fuel cell systems, power systems, biomedical devices, refrigeration systems, solar collectors, 

flaw sensors, cosmetics, and hostile infection treatment are among the possible uses for graphene 

nanofluids.[5,6,7,8,9,10,11,12] Therefore, it is necessary to limit the agglomeration as much as feasible. The phobic nature of 

the additional graphene nanoparticles, however, often results in poor compatibility with the base fluids and a strong 

predisposition towards clustered aggregation. Previous research has believed that a particular kind of carbon, referred to as 

hydrophobic, is resisted in water. Although earlier research has shown mixed results regarding graphene-water interactions 
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being hydrophobic, a recent study revealed that it is particularly attracted to graphene floating above water, demonstrating 

that graphene is in fact hydrophilic.[13,14] When weak intermolecular interactions allow particles to adhere to one another, 

they amalgamate into micron-sized particles. According to reports, excessive GO loading degrades the composite's 

microstructure and may even cause an aggregate to form due to the GO and polymer chain's poor compatibility.[15] On the 

other hand, the formation of metal connections or van der Waals forces that are difficult to break is what causes nanoparticle 

aggregates. To address this issue, great efforts have been made to improve the diffusion stability of thermal nanofluids through 

the use of surface modification techniques, including surfactants, mechanical stirring, ultrasonic therapy, and surface 

accusations. [16]  

17] Numerous quantitative and qualitative techniques, including the 3ω-method for grapheme-

based nanofluids, centrifugation, zetapotential, spectrum analysis, and the snapshot capture method for sedimentation, can b

e used to evaluate the stability.[18, 19, 20] The external surface of the nanoparticle in fluid generates a beneficial electrifying 

charge due to zeta potential. The magnitude provides information about the particle's stability. Because there is more 

electrostatic repulsion between particles, particles with bigger magnitude zeta potentials are more stable. It is thought that a 

zeta potential range of -30 mV to +30 mV provides the right repelling strength to attain optimum colloidal stability. One of 

the well-known and frequently used techniques for creating stable nanofluids is ultrasonication. One special homogenisation 

method that is used in many different applications is ultrasonication. This procedure reduces big particles in the base fluid to 

smaller fragments or more uniformly sized particles. [21, 22]  

By using sound energy to stir the nanoparticles in the suspension, sonication of the nanofluid is accomplished. [23, 24, 25] 

Ultrasonication is the process of homogenising using ultrasonic rates and frequencies higher than 20 kHz. The bath-type and 

probe-type sonicators are two that are frequently used. High-intensity probe-type sonicators are shown to be more efficient 

than bath-type ones.[26, 27] The consistent dispersion of graphene nanoparticles in the base fluid is a crucial factor in 

determining the performance of the nanofluid. In base fluids, the nanoparticles tend to cluster together.[28] and create masses, 

which hinder the functionality of the nanofluids.[29] When graphene is bombarded with pure carbon atoms, hydrocarbons, or 

other molecules containing carbon, the carbon atoms are introduced into vacancies. This causes the graphene layer to self-

repair and the high outward energy on the surface of nanoparticles to cause depositing and additional effects on thermophysical 

properties like thermal conductivity, viscosity, and pressure drop capability, which are dependent on the dynamic Brownian 

motion of NPs.[30] also leading to issues with abrasion and obstruction, particularly in heat transfer channels and tubes and 

micro-automated systems. The hydrophobic character of graphene nanoparticles is shown by their surface density, the 

presence of ionic adulterations in the base fluid, their low pH, and their ineffective reactivity or functionalisation. Therefore, 

graphene nanoparticles need to be evenly distributed, diffused, and stabilised in order to reduce group and sedimentation. 

Before creating a graphene nanofluid, its stability is the most crucial consideration. The capacity of the particles to stay 

dispersed throughout the base fluid without forming clusters is what makes the nanofluid stable. The stability of graphene-

based nanofluid is affected by a number of variables, including particle size, surfactant type, sonication time/hour, 

volume/weight concentration, power, and sonication type (pulse or nonplused). Increased agglomeration size causes density 

changes and a tendency to settle, which lowers stability. Agglomeration also affects the graphene nanofluid's thermal 

conductivity.[31, 32, 33]. Concentrations and viscosity (low-viscosity liquids) can affect a nanofluid's stability. Surfactants 

can also enhance a nanofluid's viscosity, but this is typically the case. Heat transmission in nanofluids will be enhanced by 

the ultrasonic effect. The increased heat transfer efficiency will result in a reduction of the heat flow. The ultrasonic velocity 

steadily drops as the viscosity of the nanofluid rises with an increase in volume concentration. The preparation method, more 

specifically the duration of ultrasonication and its impact, is the main emphasis of this review. This is the first review of its 

kind that explains the significance of the sonication time period in relation to power in order to create a stable and effectively 

distributed graphene nanofluid. Surfactant effects with ultrasonication power and time are taken into account here, though. 

Figure. 1 presents a summary of our analysis. The review condenses the scattering techniques in detail to stabilise the 

graphene/carbon-based nanofluids for stable results. A summary of the available data indicates that when using an 

ultrasonicator to prepare nanofluids, the type of sonication bath causes a high temperature that gradually increases over time, 

with the surrounding atmosphere limiting the peak temperature. The precise amount of ultrasonication time and power 

required to standardise the graphene suspensions is not well understood, and there is no data to support this claim. With a 

certain ultrasonication duration, some researchers achieved more consistency, which in turn led to a reduction in the stability 

characteristics of graphene-based nanofluids. In order to demonstrate the impact on thermal, physical, and chemical properties 
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that multiple researchers have documented, the systematic review aimed to provide the duration of sonication required for 

graphene nanofluids. Each section contains information on how ultrasonication affects the colloidal dispersion and 

thermophysical characteristics of that particular class of nanofluids.  

The parts that follow include details on how to prepare graphene nanofluids and experimental studies on the impact of 

ultrasonication on nanofluids and graphene-based nanofluids. [34, 35] In many industrial, medicinal, and scientific 

applications, sample preparation and homogenisation are essential processes. Accurate analysis, successful component 

extraction, and reliable product quality all depend on efficient and consistent sample processing. A potent device based on 

high-frequency sound waves, the ultrasonic probe sonicator has become a multipurpose tool for extraction, emulsification, 

dispersion, particle size reduction, cell lysis, and sample disruption. The cavitation concept, which includes the creation and 

dissolution of microscopic bubbles that form when high-frequency vibrations are applied to a sample, is the basis for the 

ultrasonic probe sonicator's operation. In extraction procedures, these quick bubble bursts provide localised forces that can 

disintegrate cells, lower particle sizes, emulsify liquids, and promote mass transfer. Reduced processing durations, better 

uniformity of the sample, and increased efficiency of extraction are just a few benefits that the sonicator provides by utilising 

the mechanical energy produced by the ultrasonic waves. Exploring the ability to use the sonication using an ultrasonic probe 

for sample preparation and homogenisation is the actual goal of this article. We can learn more about the technology 

underlying the device's operation by examining its constituent parts, including the generator, probe or horn, and transducer.  

Electrical energy is transformed into high-frequency mechanical vibrations by the transducer, which is usually composed of 

piezoelectric materials. These vibrations are sent into the sample by the probe or horn, which is made of sturdy metal alloys. 

By regulating important parameters, the generator makes it possible to optimise for particular applications by adjusting 

frequency, power, and sonication time. Maximising the potential of ultrasonic sonication requires an understanding of its 

fundamentals and workings. We can learn more about the physical factors causing sample disturbance and homogenisation by 

investigating the cavitation phenomenon. Our goal is to clarify the connection between ultrasonic parameters and the outcomes, 

including extraction efficiency, emulsification, dispersion, particle size reduction, and cell lysis. With this information, we will be able 

to tailor sonication procedures to various sample kinds and intended results. This review article has important ramifications for many 

industries and research areas. Particle size reduction, extraction yields, product quality, and cell lysis efficiency can all be enhanced by the 

efficient use of ultrasonic probe sonicators. The paper advances scientific understanding, facilitates industrial operations, and improves 

medical applications by improving sample preparation and homogenisation. In several scientific fields, the use of ultrasonic probe 

sonicators for sample preparation and homogenisation has drawn a lot of interest. The main conclusions and uses of ultrasonic probe 

sonicators are examined in this paper, emphasising their effectiveness and adaptability. 

Disruption and Lysis of Cells: 

That use ultrasonic probes have demonstrated efficacy within cell lysis and disruption, allowing intracellular components to be released 

for extraction or further study. Huang et al.'s studies [36] showed how to use ultrasonic sonication to successfully destroy bacterial and 

mammalian cells, improving the extraction of proteins and nucleic acids. Cell membranes were found to be disrupted by the strong 

mechanical forces produced by cavitation, allowing for the effective discharge of cellular contents. 

Reduction of Particle Size: 

For reducing particle size, ultrasonic sonicators have been used extensively, especially in nanotechnology and medicinal applications. It 

was demonstrated how to use sonication of ultrasonic probes to decrease the extent of medication distribution system particles. [37] It 

was shown that energy from ultrasonic waves successfully lowered the diameters of the particles, improving therapeutic efficacy and 

drug encapsulation efficiency. 

Emulsification and Dispersion: 

The food, cosmetics, and materials science sectors have all conducted in-depth research on the ultrasonic probe sonicators' capacity for 

emulsification and dispersion. The use of ultrasonic sonication to create stable oil-in-water emulsions was investigated in one study [38]. 

According to the findings, ultrasonic energy effectively distributed oil droplets and improved emulsion stability, providing a viable 

technique for producing emulsions on a wide scale. 
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Procedure of extraction: 

In a variety of industries, such as food science, environmental analysis, and pharmaceuticals, ultrasonic probe sonicators have been used 

to improve extraction procedures. Investigations were conducted into the extraction of bioactive chemicals from plant sources using 

ultrasonic sonication. In comparison to conventional extraction techniques, according to the study, ultrasonic energy accelerated mass 

transfer rates, which raised extraction yields and improved extraction efficiency. [39] 

Degassing: 

Analytical chemistry and material science have made use of ultrasonic probe sonicators' degassing capabilities. Investigated the degassing 

of water samples in environmental analysis using ultrasonic sonication. According to the study, ultrasonic energy efficiently eliminated 

dissolved gases, reducing interference in analytical measures and enhancing the precision of results. 

Process Optimisation: 

To increase the efficiency of ultrasonic sonication and reduce the possibility of sample damage, numerous studies have concentrated on 

optimising its parameters. The effectiveness of ultrasonic cell disruption was examined in relation to sonication strength, time, and sample 

volume. The study determined the ideal sonication parameters that minimised sample deterioration and heat impacts while achieving 

effective cell lysis.[40] All things considered, the literature shows how ultrasonic probe sonicators can be used for a variety of purposes 

and provide advantages in sample preparation and homogenisation. Fast processing times, better sample homogeneity, and increased 

extraction efficiency are some benefits of these devices. Researchers can adapt the method to particular applications by fine-tuning the 

sonication settings, which will enhance the quality of the final product, increase extraction yields, and improve analytical results.  

Materials and methods: 

Materials utilised: 

Sonicator for ultrasonic probes 

Preparing the sample 

Design of experiments 

Optimisation of sample  

Sonication parameters 

Analysis and characterisation 

Studies of comparison 

Analysis of statistics 

Considerations for safety  

Reproducibility  

Records  

Ultrasonic probe sonicator:  

Pick a dependable device with programmable features like power, frequency, and sonication duration. For effective sample disruption and 

homogenisation, make sure the sonicator has the right transducer, probe or horn, and generator. 
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Preparing the sample: 

Select the actual right instances for the intended uses, like particle suspensions, emulsion systems, tissue samples, or cell cultures. Ascertain 

uniformity in sample size and composition by preparing the samples in accordance with established protocols.  

Design of experiments: 

Create a methodical experimental strategy to examine how ultrasonic sonication affects sample homogenisation and preparation. Specify 

the precise goals of every experiment, such as extraction, emulsification, dispersion, particle size reduction, or cell disruption. For 

optimisation, take into account variables like sonication strength, frequency, sonication time, and sample volume. 

Sonication of samples: 

Use the ultrasonic probe sonicator to conduct sonication investigations. Make sure that the transducer is securely connected to the proper 

probe or horn. Taking into account variables like sample volume, container material, and sonication conditions, place the sample in an 

appropriate container. 

Optimisation of specifications: 

To maximise disturbance of the sample homogenisation or the effectiveness of extraction, experiment with various sonication parameter 

combinations. While holding other parameters constant, methodically adjust the sonication power, frequency, and duration. Analyse how 

changing certain parameters affects the intended results, such as extraction yields, emulsion stability, dispersion, cell lysis, or particle size 

reduction. 

Analysis and characterisation: 

Use the proper analytical methods to describe the treated materials. Use techniques like nucleic acid analysis, protein quant ification, or 

cell counting to evaluate the effectiveness of cell lysis in terms of cell destruction. Utilising particle size analysers or microscopy methods, 

quantify the reduction in particle size. Use long-term stability testing, droplet size analysis, or visual inspection to assess the stability of 

the emulsion. Quantify the target substances using appropriate analytical techniques to ascertain the effectiveness of the extraction 

operations. 

Comparative research: 

Include control samples that are prepared using different techniques or that get no treatment in order to conduct comparative investigations. 

To evaluate the efficiency, compare the results of sonicated samples with control samples when using ultrasonic probe sonicat ion for 

sample preparation and homogenisation. 
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Statistical analysis: 

Apply suitable techniques, such as t-tests, analysis of variance (ANOVA), or regression analysis, to statistically analyse the actual 

experimental data. Based on the intended results, evaluate the importance of parameter changes and establish the ideal sonication 

conditions. 

The ability to reproduce: 

To guarantee that the results are repeatable, do trials in several replicates. Repeat the trials with different samples or under different 

experimental settings to confirm the results. 

Safety considerations: 

When using the ultrasonic probe sonicator, follow the safety instructions. Wear the appropriate personal protective equipment (PPE), such 

as gloves and safety eyewear. To operate the sonicator safely, adhere to the manufacturer's instructions and adopt the appropriate safety 

measures to reduce your exposure to ultrasonic energy. 

Documentation:  

Maintain thorough records of all experimental methods, findings, and observations. For future reference and experiment reproducibility, 

keep an extensive lab journal or electronic recordings. These resources and techniques will help you methodically. Examine the features 

along with uses regarding the ultrasonic probe sonicator for effective preparation of the sample and homogenisation, guaranteeing accurate 

and repeatable results. 

Work that is experimental: 

Sample preparation:  

Get the samples ready in accordance with the particular goals. Particle suspensions, tissue samples, emulsion systems, and cell cultures 

are a few examples of this. To guarantee consistency and reproducibility, adhere to established procedures for sample collection, handling, 

and storage. 

Statistical analysis: 

Utilise suitable techniques such as regression analysis, analysis of variance (ANOVA), or t-tests to statistically evaluate the experimental 

data. Based on the intended results, identify the ideal sonication settings and evaluate the importance of changing the parameters. The 

ability to reproduce: To guarantee accurate findings, trials should be carried out in several replicates. Repeat the tests with other samples 

or in different experimental setups to confirm the results. Things to Keep in Mind for Safety: While utilising the ultrasonic probe sonicator, 

be mindful of the safety measures. Put on the proper personal protective equipment (PPE), such as safety glasses and gloves. To use the 

sonicator properly, according to the manufacturer's instructions, take the required safety measures to reduce your exposure to ultrasonic 

energy. 

Analysis and characterisation: 

 Using the proper analytical methods, describe the treated materials. Use techniques like protein measurement, nucleic acid analysis, or 

cell counting to evaluate the effectiveness of cell lysis in terms of cell annihilation. Use particle size analysers or microscopy methods to 

quantify the decrease in particle size. Use eye examination, long-term stability testing, or droplet size analysis to assess the emulsion's 

stability. Quantify the target compounds using the appropriate analytical methods to ascertain the effectiveness of the extraction operations. 

Analytical comparison: 

Include control samples that are prepared using different techniques or that get no treatment in order to conduct comparative investigations. 

To evaluate the efficiency of sonicating ultrasonic probes to prepare samples and homogenisation, compare the outcomes of sonicated 

samples with control samples. 
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Experimental design: 

Develop a systematic experimental plan to examine the effects of ultrasonic probe sonication on sample preparation and homogenisation. 

Indicate which specific parameters, such as sample volume, frequency, sonication duration, and sonication strength, will be altered. Use 

literature research or preparatory testing to ascertain the range of values for each parameter. 

Sonication of a sample: 

Use the ultrasonic probe sonicator to carry out the sonication tests. Make sure the probe or horn is attached correctly and Put the sonicator 

in place in accordance with the guidelines provided by the manufacturer. Position the sample within the sonicator's chamber after placing 

it in an appropriate container, such as a glass tube or vial. 

Parameter variation: 

Start by choosing a starting point for the parameters, then sonicate for a defined amount of time. This will act as a comparative control. 

Then, while maintaining the other parameters constant, gradually change one at a time. For any combination of parameters, run the 

sonication several times. 

Experiments with controls: 

For comparison, provide control samples or samples prepared using different techniques. Samples subjected to various disruption methods 

like mechanical homogenisation, cycles of freezing and thawing, or no therapy may be among them. To assess the efficacy of ultrasonic 

sonication, control tests are essential. 

Characterisation and analysis: 

To evaluate the effects of sonication, characterise the treated samples using the proper analytical methods. Tests for emulsion stability, 

protein quantification, particle size analysis, cell viability, and extraction efficiency are a few examples of this. For every analysis, adhere 

to established procedures and techniques to guarantee precision and repeatability. 

Safety points to remember: 

When using the ultrasonic probe sonicator, follow safety instructions and take appropriate precautions, such as wearing PPE like safety 

goggles, a lab coat, and gloves. To reduce exposure to ultrasonic energy and guarantee the equipment operates safely, adhere to safety 

procedures [41, 42]. 

The graphene-nanofluid preparation: 

The first and most important step in the experimental investigation of nanofluids is the creation of graphene nanofluids.In addition to 

incorporating the graphene nanoparticles into the base fluid, it's critical to reduce particle agglomeration, which may be achieved by a 

variety of strategies. The two most popular and widely utilised methods for mixing operations are one-step and two-step.[34, 35] Although 

the one-step or single-step approach can reduce particle agglomeration, it is subject to rigorous limitations. The two-step process, which 

is quite common in research publications, is the effortlessness approach that is used for commercial manufacturing. To get uniformly 

distributed nanosized graphene particles, enough mixing and stabilisation are necessary for strong van der Waals strength among 

nanoparticles.[43, 44] Figure. 2 illustrates the widely used method for creating graphene nanofluid. Nano residues and base fluids are 

typically combined using an ultrasonic vibrator or a complex shear blending device. In academic studies, the most often employed base 

fluids are water, oil, or water with ethylene glycols. Ultrasonication, churning, or both can be used to lessen particle agglomeration.[45, 

46] Graphene-based nanofluids may be produced using three different methods: chemical/biological stability, diffusion stability, and 

dynamic stability. [47] To prevent long-term sedimentation or agglomeration and produce a stable graphene nanofluid, a number of aspects 

are taken into consideration, such as the choice of base fluid and the identification of nanoparticles. The availability of nanoparticles at the 

moment makes the two-step approach genuinely appealing to researchers. A two-step method works well for a number of oxide and 

carbon-based nanoparticles. In this two-step process, nanoparticles are dispersed using an ultrasonicator. First, the mass/volume fraction 

(concentrations) is determined using equation (1).[48] 
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Figure 1. shows how the ultrasonication time affects the graphene nanofluid's performance, stability, and thermophysical characteristics. 

 

 

Where "φ" represents the volume concentration, "w" represents the weight of the nanoparticle, "ρp" represents its density, and "wbf" and 

"ρbf" represent the weight and density of the base fluid, respectively. Carbon-based nanoparticles such as graphite (Gt), carbon nanotube 

(CNT), graphene (G), graphene oxide (GO), and other carbon-based allotropes are taken into consideration for thermal applications due 

to their low density, increased thermal conductivity, and thermal capacity.[49, 50, 51, 52] Graphene nanofluids have garnered increasing 

attention in the current decade due to their outstanding thermophysical characteristics and rapid fabrication procedure. On the other hand, 

because of their greater constants and, more importantly, their nature and physical appearance, graphene nanoparticles usually exhibit a 

sharper inclination to produce aggregation.[53, 54, 55] Specifically, significant inter-plane van der Waals attraction and irreversible 

accumulation are caused by the greater surface contact zone between neighbouring graphene particles. The sonication time and key 

findings of the authors' study to stop graphene nanoparticles from aggregating by vibrations and stirring in order to preserve long-term 

stability and dispersion for improved fluid performance.[56] Including the practices, ultrasonication is the highly widespread procedure 

showing the good possibility of shattering down the groups of particles. [57, 58, 59], which in turn increases the constancy of the 

suspension. [60] Figure. 3 shows the schematic view of breaking the nanoparticles and spreading them throughout the liquid. 
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Figure 2. shows a schematic of the two-step graphene nanofluid preparation process. 

 

. 

 

Figure 3. A schematic illustration of how ultrasonication breaks apart nanoparticle agglomerations. 

The crucial process of ultrasonication has shown amazing promise in separating the group of particles, which leads to an improvement in 

the suspension's stability. Particle dispersion into base liquids, particle de-agglomeration, particle size reduction, molecular amalgamation 

and precipitation, and surface functionalisation are only a few of the uses for ultrasonic therapy. High and low pressures combine to form 

the wave that is sound energy. Particles are separated throughout the liquid by the sound waves produced by the probe. The calm opposite 

of a detonation is an implosion. In an eruption, subatomic particles go outward, but in an implosion, matter and energy collapse inward.The 

reason for implosions is when the external pressure of an item is greater than the internal pressure. Ultrasound waves at frequencies higher 

than 20 kHz, or 20,000 cycles per second, are commonly used in sonication. The intensity of the agitation rises with repetition. The 

cavitation process is the mechanism by which the particles vibrate as they go through pressure cycles, forming minuscule vacuum bubbles 

that eventually break down into solution.[61, 62, 63] These vibrations have the ability to break apart groups of particles, cause mixing, 

and interfere with atomic interactions (such as those between water atoms). These vibrations may enable the gas bubbles to assemble and 
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more readily exit the solution in the event of disintegrating gas. In a sonicator, sound waves are either directed into a water shower, samples 

are placed, or probes are directly placed into the example to be sonicated.[64, 65, 66] Power consumption, heart rate, and desperation rate 

can all fluctuate over time. Figure 4. 

Different kinds of ultrasonication equipment: 

An enhancing instrument for homogenisation processes, the ultrasonicator facilitates the effective and cooperative breaking of particles 

that are to be distributed into the liquid. In general, an ultrasonicator is used to achieve a number of goals, such as dispersing nanoparticles 

in base fluids to prevent agglomeration [67] to reduce the nanoparticle's size in the fluid or while the nanoparticles are being synthesised 

and their surfaces are being functionalised. [68]. 

a) Bath-type sonication. 

b) Probe-type sonication. 

Which may be accomplished using a probe-type ultrasonic, are two types of sonicators that are utilised in a variety of applications.[69, 70] 

There is very little in the bath-type ultrasonic equipment.[71] Intensity (10–40 W/L) and the impact on the particles due to the less effective 

method. The probe sonicator (≥20,000 W/L), on the other hand, is a highly intensified sector with a more concentrated influence and 

uniform concentration in the fluid. [72] Ultrasonic probes are comparatively more suited for thermal-based applications since they can 

generate energy more effectively, concentrate on nature, and use less space. Of course, a probe with a bigger diameter has more thermal 

characteristics. The intensity of each sort of probe varies at the site of action. More disruptions are produced by the bigger probe point 

than by the tiny probe. Probes are suitable for quick and localised applications such as particle size reduction and emulsification, whereas 

baths work well for cleaning equipment and degassing. In conclusion, the most often used kind in nanofluids is the probe type. Finding 

the impact of sonication on heat transmission, thermophysical characteristics, and stability/density is the present task. 

Influences of ultrasonication duration and energy: 

The sonicator's indicated power and time length provide different 

 

 

 

Figure 4. Sonication instrument types: probe sonicator (right) and bath type (left). 

influence on the corresponding nanofluids, and researchers' top priority is to obtain improved stability and thermal conductivity with 

reduced viscosity. [73, 74, 75] The stability of nanofluids can be ascertained using a variety of techniques, such as zeta potential, cluster 
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size, particle distribution in the fluid, morphology and crystallinity, and light scattering techniques to determine particle agglomeration 

size and structure. [76, 77] Numerous studies have examined and identified the most important findings on the stability of graphene-based 

nanofluids by examining the impacts of sonication strength and duration. One of the essential elements that contributes to increasing the 

efficiency of the LPE process is sonication power. [78] Sonication power has a considerable impact on exfoliation yield. Graphene is 

exposed to different ultrasonic treatment power levels in order to examine the effects of sonication power. According to research by author 

Liu and Chen [79], the ultrasonication process has the ability to break up particles and improve their dispersion. [80] The smallest graphene 

oxide particle size is achieved after 48 hours of increasing the sonication period. As the sonication period rises, the GO particles decrease 

in size. Additionally, it was shown that neutral pH nanofluids disperse better than basic and acidic nanofluids. The surface is roughness 

affected by sonication. Furthermore, using 10 minutes and 1500 W of power, the ultrasonication power effect demonstrated improved 

mixing in terms of nanoparticle roughness. Additionally, it is concluded that the rate of material removal is directly related to the duration 

of ultrasonication and affects the reduction of particle size. Up to 4 hours, there was a clear correlation between concentration and 

sonication duration; as a result, the concentration dropped.[53] The concentrations of the graphene flakes floating in water range from 

0.137 to 0.4 mg/ml at 30 to 4 hours. Additionally, a lengthy ultrasonication period reduced the flakes' size. The graphene nanofluid's 

stability is monitored for a month and is evaluated as stable with little agglomeration at the bottom after a few days. and the zeta potential 

examination verified this stability with a value of -35.5 mv after 180 days. After 6 months, medium-sized or larger flakes were unstable 

with a zeta value of -25 mv. Lotya Hernandez also notices this type of comparable tendency.[54] The exfoliated yield from Hadi and 

Zahirifar's experimental ultrasonic treatment, which ranged from 240 W to 600 W, was between 8.07% and 19.63%. [81] Low-quality 

exfoliated graphene produced by high sonication power may have an impact on the NPs. The effects of adding graphite flakes with 

dichlorobenzene and N-methylpyrrolidone solvent were investigated by Skaltsas, Ke.[82] The graphite flakes were sonicated at different 

intervals (5 minutes to 60 minutes) using different sonication strengths (20 W & 40 W). The production of exfoliated graphene is affected 

by sonication strength and duration because prolonged ultrasonication causes oxygen to be lost. In their work, Baig and Mamat [83] varied 

the sonication strength and duration from 1 to 120 minutes to assess the impact of tip sonication on the carbon structure of GNP 

characterisation. GNP size decreases as sonication time increases. Up to 60 minutes of sonication time at all amplitudes, GNPs undergo a 

transition from change state to nano-crystalline stage, as confirmed by the imperfection proportion and horizontal size of sonicated test 

samples. According to Yu and Hermann [80], sonication strength had a greater effect on SWCNT dispersion than sonication duration. 

SWCNT functions as a surfactant when combined with water sodium deoxycholate. 

Ultrasonication's impact on graphene nanofluids: 

Impact of ultrasonication on zeta potential and UV-Vis spectroscopy: 

By choosing the most stable nanofluid with a potentially shorter sonication time, Xian and Sidik [60] examined the optimal effects of 

various surface-active agents and ultrasonication time to assess the thermo-physical properties of GnP-TiO₂ particles. They came to the 

conclusion that a stable nanofluid with UV-Vis and visual analysis was produced after 90 minutes of sonication using the surfactants 

CTAB/SDBS. In order to exfoliate graphite oxide to graphene oxide, Krishnamoorthy and Kim [84] employed ultrasonication for 30 

minutes.The author of this study used FTIR, UV-Vis, Raman spectroscopy, TEM, and XPS methods to characterise the synthesised 

graphene sheets. UV-vis spectroscopy verified the creation of graphene nanosheets when the absorption peak was moved as a result of 

decreased GO. The elimination of oxygenated functional groups was verified by FT-IR and XPS methods. New SP2 carbon atoms in 

graphene sheets were studied with the use of Raman. Zahirifar Hadi [85] The length of sonication has ranged from 30 to 120 minutes. As 

ultrasonication increased, the yield increased from 17.21% to 20.84%. When the sonication power was increased to 600 W, the graphene 

exfoliation yield improved by 19.63%. Fe₃O₄ is visible on the graphene surface in TEM pictures. Less impurities were confirmed by 

Raman spectroscopy, XRD, and FTIR, and the presence of Fe₃O₄ had an impact on the exfoliation of graphite flakes. In order to produce 

graphene via liquid phase exfoliation, Durge and Kshirsagar [86] conducted bath and probe sonication for around 60 to 120 minutes. With 

both low- and high-power sonicators, the graphene suspension remained stable for over 30 days. Results from UV-vis spectroscopy verified 

that high-power probe sonication produced high exfoliation. The hexagonal structure of graphene was validated by TEM spectroscopy. 

Sadeghinezhad, Mehrali [87] conducted an experimental investigation.[65] The stability of the synthesised NDG nanofluid was verified 

after 60 minutes of ultrasonication. The surfactant Triton X-100 was stable for six months. The stability is determined using UV-vis, and 

NDG microstructures are identified using FESEM. Peaks in the XPS spectra at 284.2, 399.3, and 532 eV demonstrated the graphene's 

assimilation of nitrogen. Kubouchi and Arao [88] To stabilise FLG, Triton X100 surfactant is utilised. The thick flakes have been dispersed 

using centrifugation (1500 rpm) and high power (600 W) ultrasonication for one hour. The existence of FLG in graphene is confirmed by 

TEM and Raman spectroscopy. Wang and Jiang have noticed the dispersion performance of GNPs [89] by conducting a UV-visible 

absorbance test and discovered that the optimal results were obtained at 80 minutes, with a minimum sonication duration of 20 minutes 

for GNP dispersion. Additionally, it is observed that as the sedimentation duration increases, the GNP concentration steadily decreases. 

By raising the sonicator's power, the graphene is evenly distributed throughout the base fluid, and the huge flake size of the graphite is 

decreased by the sonication action. [86] The author dispersed the graphene fluids in the solvent using a variety of sonication techniques, 

including bath and probe sonication. The author verified that the most effective approach for obtaining a stable nanofluid that lasts longer 

than 30 days is bath sonication, which is followed by probe sonication. A different level of absorbance. A graph is seen at 30 hours of 
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timed sonication due to heavy ultraviolet absorption. Author [90, 91] confirmed the increased thermal stability with the 24-hour sonicated 

graphene nanofluid. Together with TEM pictures that verified the adornment of the GO sheets with the rod-like and spherical CuO 

nanoparticles, UV-visible spectrophotometry demonstrated the creation of the nanocomposite. Due to the beneficial effects of ultrasound 

on the nanocomposite structure, it was discovered that the GO-CuO nanocomposite-based nanofluid produced in water had an increase in 

thermal conductivity [58]. Figure 9 displays the size and zeta potential of graphene oxide at different sonication periods. High stability is 

shown by the graph's zeta potential value of greater than 60 mV magnitude. Following a 120-second probe sonication, the zeta potential 

value decreases. The varying particle sizes determine the colloidal stability. Furthermore, because graphene oxide particles are smaller 

and less stable, sonication with the same strength has less of an effect.[92, 93] The sonication process Particles of graphene oxide shatter 

and spread readily in the solvent, and their charge density decreases in the zeta potential as well. [94, 95] Ramis [96] has investigated the 

impact of ultrasonication on the stability of nanoformulations. [97] Zeta potential in graphite nanofluids. After conducting two studies 

with different ultrasonication times of two and four hours, they discovered that a graphite ethylene glycol-based nanofluid had zeta 

potential values of -33.4 and -66.2 mV. For more stability, a longer ultrasonication period is needed.[98] 

Conclusion: 

The ultrasonic probe sonicator is a versatile tool that is widely utilised in scientific research, industrial operations, and medical applications. 

By carefully analysing the parameters and making the most of their usage, this article aims to provide significant insights into the effective 

and successful use of ultrasonic probe sonicators for sample preparation and homogenisation. The dispersion of nanofluids, their 

thermophysical characteristics, and their capacity for heat transmission are all impacted by ultrasonication parameters. Better and more 

precise dispersions are achievable at the ideal sonication point, which subsequently leads to agglomeration. The size and characteristics of 

the nanoparticles, the solvent/base fluid, the weight or volume concentration, the type, and the power of the ultrasonicator are some of the 

variables that affect the dispersion quality, agglomeration size, and stability. Exfoliation and dispersion are improved by increasing power 

and duration, although the degree and spread of carbon atoms may be affected. A number of characterisation strategies are discovered and 

explored in order to comprehend the stability and qualitative procedures. Among those methods are UV-Vis, zeta potential, SEM, TEM, 

DLS, and FTIR. The kind of solvent and surfactant utilised for graphene nanoparticles also affects stability. When compared to graphene 

nanoparticles without surfactants, the latter are more stable over months. Proper surfactant selection in precise proportions reduces foam 

formation, viscosity, pressure drop, and stability. 

 REFERENCES  

1. Choi S U S, Eastman J A. Enhancing thermal conductivity of fluids with nanoparticles, Argonne National Lab, Argonne, IL. 1995:12-

17. 

2. Putra N, Roetzel W, Das S K. Natural convection of nano-fluids, Heat and Mass Transfer.2003;39 (8–9):775–784. 

3. Presser V, Heon M, Gogotsi Y. Carbide-derived carbons–from porous networks to nanotubes and graphene, Adv. Funct. Mater.2011;21 

(5):810–833. 

4. Mohanraj V J, Chen Y.  Nanoparticles -a review. Trop. J. Pharm. Res.2006;5 (1):561–573. 

5. Sadeghinezhad E, Mehrali M, Saidur M, Mehrali M, Latibari S T, Akhiani A R, Metselaar H S C. A comprehensive review on graphene 

nanofluids: recent research, development and applications, Energy Convers. Manage. 111;2016:466–487. 

 6. Rueda-Garcia D, Cabán-Huertas Z, Sánchez-Ribot S,  Marchante C, Benages R, Dubal D P, Ayyad  O,   Gómez-Romero P. Battery 

and super capacitor materials in flow cells. Electro chemical energy storage in a LiFePO4/reduced graphene oxide aqueous nanofluid,  

Electrochim. Acta.2018;281(10):594–600.  

7. Mehrali M, Ghatkesar M K, Pecnik R. Full-spectrum volumetric solar thermal conversion via graphene/silver hybrid plasmonic 

nanofluids, Appl. Energy.2018; 224:103–115.  

8. Bahiraei M, Heshmatian S. Graphene family nanofluids: a critical review and future research directions, Energy Convers. 

Manage.2019;196(15):1222–1256.  

9. Fu Y, Mei T, Wang G, Guo A, Dai G, Wang S, Wang J, Li J, Wang X.  Investigation on enhancing effects of Au nanoparticles on solar 

steam generation in graphene oxide nanofluids, Appl. Therm. Eng.2017;114(5): 961–968.  

10. Rueda-García D, Rodríguez-Laguna M D R, Chávez-Angel E, Dubal D P, Cabán-Huertas Z, Benages-Vilau R, Gómez-Romero P. 

From thermal to electroactive graphene nanofluids,  Energies.2019;12 (4545):1-11.   

11. Feng L, Liu Z. Graphene in biomedicine: opportunities and challenges, Nanomedicine.2011; 6 (2):317–324.  

12. Sarkar J, Ghosh P, Adil A. A review on hybrid nanofluids: recent research, development and applications, Renew. Sustain. Energy 

Rev.2015;43:164–177. 

13. Bai, Y. Research on hydrophobicity of graphene composites. in AIP Conference Proceedings. 2017. AIP Publishing LLC.  

14. Guo Hong G, Han Y, Schutzius T M, Wang Y, Pan Y, Hu M, Jie J, Sharma C S, Müller U,  Poulikakos D.  On the mechanism of 

hydrophilicity of graphene, Nano Lett.2016 ;16 (7):4447–4453. 

http://www.jetir.org/
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Guo++Hong


© 2025 JETIR February 2025, Volume 12, Issue 2                                                          www.jetir.org (ISSN-2349-5162) 

JETIR2502234  Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c294 
 

15. Ahmed J, Mulla M Z, Arfat Y A. Mechanical, thermal, structural and barrier properties of crab shell chitosan/graphene oxide composite 

films, Food Hydrocolloids.2017;71(11):141–148. 

16. Li Chen L, Chai S, Liu K, Ning N, Gao J, Liu Q, Chen F, Fu Q. Enhanced epoxy/silica composites mechanical properties by introducing 

graphene oxide to the interface, ACS Appl. Mater. Interfaces.2012; 4 (8):4398–4404. 

 17. Xin Gao X, Yue H, Guo E, Zhang H, Lin  X, Yao L, Wang B. Mechanical properties and thermal conductivity of graphene reinforced 

copper matrix composites, Powder Technol. 2016;301:601–607. 

18. Rodríguez-Laguna M D R, Gómez-Romero P, Torres C M S, Chavez-Angel E. Modification of the Raman spectra in graphene-based 

nanofluids and its correlation with thermal properties, Nanomaterials.2019; 9 (804):1-12. 

19. Chakraborty S, Panigrahi P K. Stability of nanofluid: A review, Appl. Therm. Eng. 2020;174: 115259.  

20. Sharafeldin M A, Grof G. Experimental investigation of flat plate solar collector using CeO2-water nanofluid. 2018;155: 32-41. 

21. Liu W I, Malekahmadi O, Bagherzadeh S A, Ghashang M, Karimipour A, Hasani S, Tlili I, Goodarzi M. A novel comprehensive 

experimental study concerned graphene oxide nanoparticles dispersed in water: synthesise, characterisation, thermal conductivity 

measurement and present a new approach of RLSF neural network, Int. Commun. Heat Mass Transfer.2019; 109:104333. 

22. Hadi Karami H, Papari-Zare S, Shanbedi M, Eshghi H, Dashtbozorg A, Akbari A, Mohammadian E , Heidari M, Z. Sahin A, Chew 

Bee Teng C B. The thermophysical properties and the stability of nanofluids containing carboxyl-functionalized graphene nano-platelets 

and multi-walled carbon nanotubes, Int. Commun. Heat Mass Transfer. 2019;108:104302. 

23. Mahbubul I M, Saidur R, Amalina M A, Niza M E. Influence of ultrasonication duration on rheological properties of nanofluid: an 

experimental study with alumina–water nanofluid, Int. Commun. Heat Mass Transfer.2016; 76:33-40.  

24.  Noroozi M, Radiman S, Zakaria A. Influence of sonication on the stability and thermal properties of Al2O3 nanofluids. Journal of 

Nanomaterials. 2014;2014:1-14. 

25. Leena M, S S. Synthesis and ultrasonic investigations of titanium oxide nanofluids. J. Mol. Liq. 2015;206(391):103–109. 

26. A.A. Green A A, Hersam M C. Emerging methods for producing monodisperse graphene dispersions, The journal of physical chemistry 

letters.2010; 1 (2):544–549.  

27. Son Y, No Y, Kim J. Geometric and operational optimization of 20-kHz probe-type sonoreactor for enhancing sonochemical activity. 

Ultrason. Sonochem. 2020;65:105065. 

28. Gao J W, Ohtani H, Zheng R,  Zhu D S. Experimental investigation of heat conduction mechanisms in nanofluids, Clue on clustering. 

Nano letters. 2009;9(12): 4128–4132. 

29. S. KraljS  Makovec D. Magnetic assembly of superparamagnetic iron oxide nanoparticle clusters into nanochains and nanobundles, 

ACS Nano.2015; 9 (10): 9700–9707. 

30.  Murat Nulati Yesibolati M N, Mortensen K I, Sun H, Brostrøm A, Tidemand-Lichtenberg S,  Mølhave K. Unhindered Brownian 

Motion of Individual Nanoparticles in Liquid-Phase Scanning Transmission Electron Microscopy, Nano Lett. 2020; 20 (10):7108–7115. 

31. Yang Y, Oztekin A, Neti S, Mohapatra S. Particle agglomeration and properties of nanofluids, J. Nanopart. Res. 2012;14(852):1-10. 

32. Esfahani M R, Languri E M, Nunna M R. Effect of particle size and viscosity on thermal conductivity enhancement of graphene oxide 

nanofluid, Int. Commun. Heat Mass Transfer.2016; 76:308–315.  

33. Sadri R, Ahmadi G, Togun H, Dahari M, Kazi S N, Sadeghinezhad E,Zubir N. An experimental study on thermal conductivity and 

viscosity of nanofluids containing carbon nanotubes, Nanoscale Res. Lett.2014; 9 (1):1-16. 

34.Toh S Y, Loh K S, Kamarudin S K, Daud W R W. Graphene production via electrochemical reduction of graphene oxide: synthesis 

and characterisation, Chem. Eng. J.2014; 251:422–434.  

35.  Zhang W, Jing W H X.  Preparation of a stable graphene dispersion with high concentration by ultrasound, J. Phys. Chem. B.2010; 

114 (32):10368–10373. 

36. Huang Y, Yang L, You S,  Gan W,  Kainer K U , Norbert H N. Unexpected formation of hydrides in heavy rare earth containing 

magnesium alloys.  Journal of Magnesium and Alloys.2016;4(3):173-180  

37. Shaikhah, 'Mastering .The Art of Probe Sonication: A Step-By-Step Guide Science sphere. blog, September , 2023. 

http://www.jetir.org/
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Li++Chen
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Qiang++Fu
https://www.researchgate.net/scientific-contributions/Hiroko-Ohtani-2203386527?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Ruiting-Zheng?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/D-S-Zhu-71846500?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19


© 2025 JETIR February 2025, Volume 12, Issue 2                                                          www.jetir.org (ISSN-2349-5162) 

JETIR2502234  Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c295 
 

38.  Chavan P, Sharma P, Sharma S R,  Mittal T C, Jaiswal A K. Application of High-Intensity Ultrasound to Improve Food Processing 

Efficiency: A Review', Foods 4:11(1), 2022, 1-18.  

39. Acharya S, 'Ultrasonication: Principle, Parts, and Applications, Microbeonline, 2023.  

40. Yoon K,  Lee W,  Lee J E, Xu L, Croce P, Foley L, Yoo S S. Effects of sonication parameters on transcranial focused ultrasound brain 

stimulation in an ovine model. PLoS .2019;24;14(10):1-31  

41. Lewin, P A., 'Miniature piezoelectric polymer ultrasonic hydrophone probes', Ultrasonics 1981;19(5):213-216.  

42. Blitz J, Simpson G. Ultrasonic methods of non-destructive testing, Springer nature.1995; 2. 

43. Y.Y. Huang Y Y, Terentjev E M. Dispersion of carbon nanotubes: mixing, sonication, stabilization, and composite properties. 

Polymers.2012; 4 (1):275–295.  

44. Szabo T, Maroni P, Szilagyi I. Size-dependent aggregation of graphene oxide, Carbon.2020; 160:145-155. 

45. Patel C M, Chakraborty M, Murthy Z. Preparation of fenofibrate nanoparticles by combined stirred media milling and ultrasonication 

method. Ultrason. Sonochem.2014; 21 (3):1100–1107. 

 46. Ilyas S U, Pendyala R, Marneni N.  Preparation, sedimentation, and agglomeration of nanofluids, Chem. Eng. Technol.2014; 37 

(12):2011–2021. 

47.   Hasan M, Ullah I, Zulfiqar H, Naeem K, Iqbal A, Gul H, Ashfaq M, Mahmood N. Biological entities as chemical reactors for synthesis 

of nanomaterials: Progress, challenges and future perspective, Mater. Today Chem.2018; 8:13–28. 

48. Ponangi B R, Gowtham C H, Vishwajeeth A, Mubeen A A. Effect of Carboxyl Graphene Nano-Coolant on the Performance of 

Radiator.-A Numerical Study. in Proceedings of the 25th National and 3rd International ISHMT-ASTFE Heat and Mass Transfer 

Conference (IHMTC-2019. 2019:28-31. 

49. Malekpour H, Chang K H, Chen J C,  Lu C Y, Nika D L, Novoselov K S, Balandin A A. Thermal conductivity of graphene laminate. 

Nano Lett. 14 (9) (2014) 5155–5161.  

50. Teng C C,  M. Ma C C,Lu C H,Chu-Hua Lu,Yang S Y. Thermal conductivity and structure of non-covalent functionalized 

graphene/epoxy composites.Carbon.2011; 49 (15):5107–5116.  

51. Im H, Kim J. Thermal conductivity of a graphene oxide–carbon nanotube hybrid/epoxy composite. Carbon 2012;50 (15):5429–5440. 

52. Chen S, Wu Q, Mishra C, Kang J, Zhang H, Cho K, Cai W, Balandin A A, Ruoff R S. Thermal conductivity of isotopically modified 

grapheme. Nat. Mater.2012; 11 (3): 203-207. 

53. Hsieh A G, Korkut S, Punckt C, Aksay I A. Dispersion stability of functionalized graphene in aqueous sodium dodecyl sulfate solutions. 

Langmuir.2013; 29 (48):14831-14838.  

54. Tung V C, Allen M J, Yang Y, Kaner R B. High-throughput solution processing of large-scale grapheme. Nat. Nanotechnol.2009;4 

:25-29.  

55. Lin L S, Bin-Tay W,Li Y R, Aslam Z, Westwood A, Brydson R. A practical characterisation protocol for liquid-phase synthesised 

heterogeneous graphene,.Carbon. 2020 ;167:307-321. 

56. Ciesielski A, Samori P. Graphene via sonication assisted liquid-phase exfoliation. Chem. Soc. Rev. 2014;43 (1):381-398. 

57.Barai D P, Bhanvase B A, Saharan V K. Reduced Graphene Oxide-Fe3O4 Nanocomposite Based Nanofluids: Study on Ultrasonic 

Assisted Synthesis,.Thermal Conductivity, Rheology, and Convective Heat Transfer. Industrial & engineering chemistry process design 

and development. 2019;58(19): 8349–8369 

58. Sarode H A, Barai D P, Bhanvase B A, Ugwekar R P, Saharan V. Investigation on preparation of graphene oxide-CuO nanocomposite 

based nanofluids with the aid of ultrasound assisted method for intensified heat transfer properties. Mater. Chem. Phys.2020; 251:123102.  

59. Chawhan S S, Barai D P, Bhanvase B A. Sonochemical preparation of rGO-SnO2 nanocomposite and its nanofluids: Characterization, 

thermal conductivity, rheological and convective heat transfer investigation. Materials Today Communications.2020;23; 101148. 

http://www.jetir.org/


© 2025 JETIR February 2025, Volume 12, Issue 2                                                          www.jetir.org (ISSN-2349-5162) 

JETIR2502234  Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c296 
 

60. Xian H W, Sidik N A C, Saidur R. Impact of different surfactants and ultrasonication time on the stability and thermophysical properties 

of hybrid nanofluids. Int. Commun. Heat Mass Transfer.2020; 110:104389. 

61. Malek M N F A, Hussin N M, Embong N H, Bhuyar P. Ultrasonication: a process intensification tool for methyl ester synthesis: a 

mini review. Biomass Convers. Biorefin.2020;13(10A): 1–11. 

62. Tyurnina A V, Tzanakis I, Morton I, Mi J, Porfyrakis K, Maciejewska B M, Grobert N, Eskin D G. Ultrasonic exfoliation of graphene 

in water: A key parameter study. Carbon.2020; 168 :737–747. 

63. Zakaria I, Azmi a W H, Mohamed W A N W, Mamat R, Najafi G. Experimental investigation of thermal conductivity and electrical 

conductivity of Al2O3 nanofluid in water-ethylene glycol mixture for proton exchange membrane fuel cell application, Int. Commun. 

Heat Mass Transfer.2015; 61:61–68. 

64.Zhang Y, Chen Y, Westerhoff P, Hristovski K, Crittenden J C. Stability of commercial metal oxide nanoparticles in water. Water 

Res.2008; 42 (8-9) :2204-2212. 

65. Malek M N F A, Hussin N M, Embong N H, Bhuyar P. Ultrasonication: a process intensification tool for methyl ester synthesis: a 

mini review. Biomass Convers. Biorefin.2020;13(10A): 1–11. 

66. Yuting X, Lifen Z, Jianjun Z, Jie S, Xingqian Y, Donghong L. Ultrasound applications in food processing, in: Ultrasound technologies 

for food and bioprocessing. Springer.2011;6(2):65-105. 

67.  Mouri S, Miyauchi Y, Matsuda K. Dispersion-process effects on the photoluminescence quantum yields of single-walled carbon 

nanotubes dispersed using aromatic polymers. The Journal of Physical Chemistry C.2012; 116 (18):10282–10286. 

68. Mahbubul I M, Chong T H, KhaleduzzamanI S S, Shahrul I M, Saidur R, Long B D, Amalina M A. Effect of ultrasonication duration 

on colloidal structure and viscosity of alumina–water nanofluid. Ind. Eng. Chem. Res.2014; 53 (16):6677-6684. 

 69. Ruan B, Jacobi A M. Ultrasonication effects on thermal and rheological properties of carbon nanotube suspensions. Nanoscale Res. 

Lett. 2012;7 (1):1-14.  

70. Daungthongsuk W, Wongwises S. A critical review of convective heat transfer of nanofluids, Renew. Sustain. Energy Rev.2007; 11 

(5):797–817. 

71. Sun R, Wang Y, Ni Y, Kokot  S. Graphene quantum dots and the resonance light scattering technique for trace analysis of phenol in 

different water samples.Talanta.2014; 125: 341–346.  

72. Peres N, Ferreira A,  Bludov Y, Vasilevskiy M. Light scattering by a medium with a spatially modulated optical conductivity: the case 

of grapheme.  J. Phys.: Condens. Matter.2012; 24 (24):245303. 

73.  Arao Y, Mori F, Kubouchi M.  Efficient solvent systems for improving production of few-layer graphene in liquid phase exfoliation. 

Carbon.2017; 118:18-24. 

74. Liu H K,Chen C C A, Chen W C .Diamond lapping of sapphire wafer with addition of graphene in slurry. Procedia Eng.2017; 184:156–

162. 

75. Zhang K Y,Zhang X,Li H, Xing X. Direct exfoliation of graphite into graphene in aqueous solution using a novel surfactant obtained 

from used engine oil. J. Mater. Sci.2018; 53 (4):2484-2496. 

76. Lotya M, Hernandez Y, King P J, Smith R J, Nicolosi V, Karlsson L S , Blighe F M, De S, Wang Z, McGovern I T, Duesberg G S, 

Coleman J N. Liquid phase production of graphene by exfoliation of graphite in surfactant/water solutions.  J. Am. Chem. Soc.2009;131 

(10) : 3611-3620. 

77. Hadi A, Zahirifar J,Karimi-Sabet  J, Dastbaz A. Graphene nanosheets preparation using magnetic nanoparticle assisted liquid phase 

exfoliation of graphite: the coupled effect of ultrasound and wedging nanoparticles. Ultrason. Sonochem.2018; 44: 204–214. 

78. Skaltsas T, Ke X, Bittencourt C, Tagmatarchis N. Ultrasonication induces oxygenated species and defects onto exfoliated grapheme. 

The Journal of Physical Chemistry C.2013; 117 (44):23272–23278. 

http://www.jetir.org/


© 2025 JETIR February 2025, Volume 12, Issue 2                                                          www.jetir.org (ISSN-2349-5162) 

JETIR2502234  Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c297 
 

79.  Baig Z, Mamat O, Mustapha M,  Mumtaz A,  Munir K S, Sarfraz M. Investigation of tip sonication effects on structural quality of 

graphene nanoplatelets (GNPs) for superior solvent dispersion, Ultrason. Sonochem.2018; 45:133-149 

80. Yu H, Hermann S, Schulz S E,  Gessner T. Optimizing sonication parameters for dispersion of single-walled carbon nanotubes. Chem. 

Phys.2012; 408:11–16. 

 81. Krishnamoorthy K, Kim G S, Kim S J. Graphene nanosheets: ultrasound assisted synthesis and characterization, Ultrason. 

Sonochem.2013; 20 (2):644-649.  

82. Durge R,  Kshirsagar R,  Tambe P. Effect of sonication energy on the yield of graphene nanosheets by liquid-phase exfoliation of 

graphite. Procedia Eng.2014; 97;1457–1465.  

83. Mehrali M, Sadeghinezhad E, Latibari S T, Mehrali M, Togun H, Zubir M N M, Kazi S  N,Metselaar H S C. Preparation, 

characterization, viscosity, and thermal conductivity of nitrogen-doped graphene aqueous nanofluids. J. Mater. Sci.2014; 49 (20):7156-

7171. 

 84. Arao Y, Kubouchi M. High-rate production of few-layer graphene by high-power probe sonication. Carbon. 2015; 95:802–808. 

 85. Jiang R, Song W, Liu H. Controlling dispersion of graphene nanoplatelets in aqueous solution by ultrasonic technique. Russ. J. Phys. 

Chem. A.2017; 91 (8):1517–1526.  

86. Han Y, Li K, Chen H, Li J. Properties of soy protein isolate biopolymer film modified by grapheme. Polymers.2017; 9 (8):1-11. 

87. Kazi S N, Badarudin A, Zubir M N M, Ming H N, Misran M, Sadeghinezhad E, Mehrali M, Syuhada N. Investigation on the use of 

graphene oxide as novel surfactant to stabilize weakly charged graphene nanoplatelets. Nanoscale Res. Lett.2015; 10 (1):1-15. 

88.Ramis M K, Yashawantha K M, Asif A,  Faisal U.  Effect of ultrasonication duration on stability of Graphite nanofluids. International 

Journal of Mechanical and Production Engineering.2018; 6 (2):2320-2392. 

89 .Zhang B, Chen T. Study of Ultrasonic Dispersion of Graphene Nanoplatelets. Materials.2019: 12 (11):1-20.  

90. Ghozatloo A, Rashidi A, Shariaty-Niassar M. Convective heat transfer enhancement of graphene nanofluids in shell and tube heat 

exchanger, Exp. Therm Fluid Sci.2014; 53:136–141. 

 91. Li Y Q, Umer R, Samad Y A, Zheng L. The effect of the ultrasonication pre-treatment of graphene oxide (GO) on the mechanical 

properties of GO/polyvinyl alcohol composites. Carbon.2013; 55: 321–327.  

92. Qi X, Zhou T, Deng S, Zong G, Yao X, Fu Q. Size-specified graphene oxide sheets: ultrasonication assisted preparation and 

characterization. J. Mater. Sci.2014; 49 (4):1785–1793.  

93. Xu C, Wang G, Xing C, Magna International,Matuana L M. Effect of graphene oxide treatment on the properties of cellulose nanofibril 

films made of banana petiole fibers. BioResources.2015; 10 (2):2809–2822.  

94. Wang Z, Wu Z, Han F, Wadsö L. Experimental comparative evaluation of a graphene nanofluid coolant in miniature plate heat 

exchanger. Int. J. Therm. Sci.2018; 130:148–156. 

95. Ling L J, Yee C S, Jaafar M. Effect of sonication time on the properties of multilayer graphene.  AIP Conference Proceedings. 

2017;1865 :1-6. 

96. Shalaby A S A, Nihtianova D, Markov P, Staneva A. Structural analysis of reduced graphene oxide by transmission electron 

microscopy, Bul. Chem. Commun. 2015;47 (1):291–295.  

97. Taherialekouhi R, Rasouli S, Khosravi A.  An experimental study on stability and thermal conductivity of water-graphene 

oxide/aluminum oxide nanoparticles as a cooling hybrid nanofluid. Int. J. Heat Mass Transf. 2019;145:118751 

98.  Ilyas S U, Ridha S, Kareem   F A A. Dispersion stability and surface tension of SDS-Stabilized saline nanofluids with graphene 

nanoplatelets. Colloids and Surfaces A Physicochemical and Engineering Aspects.2020;592:124584. 

http://www.jetir.org/

