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Abstract 

The effect of pH value, particle size, and volume concentration on the stability of 

aluminium oxide hydroxide nanofluid was practically investigated to enhance the 

heat transfer performance of the nanofluid. Zeta potential analysers, 

Transmission Electron Microscopy images, and photographic sedimentation 

methods were used to evaluate the nanofluid stability. Also, the effect of the 

mentioned parameters on the thermal properties (viscosity, density, specific heat 

and thermal conductivity) was investigated. There are two particle sizes of 

aluminium oxide nano powder (20 and 50 nm) and three volume concentrations 

for each particle size (0.1, 0.5, and 1%), with the colloid pH changing from 3.5 

to 10.6. The results show that the thermal conductivity of the nanofluid is 

enhanced by adding nanoparticles, and this enhancement increases with smaller 

particles and higher concentrations. The pH value influences the stability and zeta 

potential of the nanofluid, which are higher in acidic and basic regions. The 

stability of the nanofluid is also improved by increasing the volume 

concentration, which positively affects its thermophysical properties. 

Keywords: Nanofluid stability, Particle size, Thermophysical properties, Sediment, 

Zeta potential. 
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1.  Introduction 

Despite the numerous studies that have been conducted on the new brand of fluid, 

nanofluids, there are still some challenges in this field and a need for more 

investigation in order to provide a guideline for researchers in nanofluid science. 

One of these challenges is stability, which is still an obstacle and one of the most 

important properties [1]. Nanofluid stability can be defined as the conservation of 

a homogenous suspension against agglomeration and sedimentation. As the 

stability period extended further, industrial applications became more widespread. 

The reason for agglomeration is the high surface charge of nanoparticles. This 

charge encourages particles to attract each other due to Van der Waals forces, 

forming clusters [1]. These clusters will evolve to aggregate, and the sedimentation 

will appear due to gravity. When sedimentation occurs, clogging of channels occurs 

too, and the thermal performance of the nanofluid degrades because of the free 

spaces that do not contain nanoparticles [2].  

An aluminium matrix is a valuable alloy because it has properties like lightness, 

strength and resistance to corrosion and wear. These properties make it suitable for 

many uses, such as in electronics, aerospace, and automotive industries [3]. 

Choudhary et al. [4] studied extensively the effect of pH value, sonication time, and 

particle loading on zeta potential and sedimentation time, which reflect on the 

suspension stability of Al2O3-H2O nanofluid, using SDS as a surfactant at the same 

weight of the nanoparticle to contribute to the nanofluid's stability. They 

demonstrated that the increment in zeta potential at the acid side is better than the 

base side and attributed this increment to the abundance of positive ions H+ and 

negative ions OH- at the acidic and basic regions of the nanofluid, respectively.  

The effect of SDBS surfactant on the stability and thermophysical properties 

of the Al2O3-H2O nanofluid was investigated by Khairul et al. [5] using three 

weight fractions of nanoparticles. Their experiments reveal that adding the SDBS 

to the mixture raises the suspension pH from 5.5 to 8.4 for all weight 

concentrations. The maximum zeta potential value was 0.1 wt.% of surfactants, 

which was the perfect concentration for all Al2O3-H2O weight fractions. The 

suspension viscosity decreased by 4% when adding the optimum SDBS 

concentration, and the stable nanofluid enhanced the effective thermal 

conductivity. Sadeghi et al. [6] investigated the oxide aluminium-deionized water 

nanofluid stability with 25 nm particle size and volume fraction by changing the 

ultra-sonication mixing time. The result showed that as the mixing time 

increased, the cluster size decreased due to decreasing the nanocluster size, but 

there was an optimum mixing time. The zeta potential is tested every five days 

for one month, and it decreases in value with time. 

Khaleduzzaman et al. [7] studied experimentally the Al2O3-H2O nanofluid 

stability that is used as a coolant for electronic devices with a four-volume 

concentration. The lowest concentration showed better stability after 30 days of 

non-sedimentation. Also, they found that the maximum cluster size was about 220 

nm, which is rather small compared with the microchannel diameter 5 mm. 

Goudarzi et al. [8] investigated experimentally the pH effect on the efficiency of a 

solar collector by using two types of nanofluid as a working fluid: copper oxide-

water and aluminium oxide-water, using SDS as a surfactant. They studied the 

behaviour of the stable and unstable nanofluid, and their experiment showed an 
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increment in the thermal efficiency at the optimum pH compared to the efficiency 

at IEP for both types of nanofluid. 

The SDBS effect on the stability and thermal conductivity of two types of 

nanofluid (Al2O3-H2O and CuO-H2O) was investigated by Wang et al. [9]. They 

found that selecting the optimum value for each factor (pH and SDBS) resulted 

in a stable nanofluid, which led to high thermal conductivity. Lee et al. [10] 

demonstrated the role of the nanoparticle surface charge in the thermal 

performance of CuO-H2O nanofluid. They changed the colloidal pH value 

without adding any surfactants, and they noticed that when the pH value was 

close to the IEP, the nanofluid became unstable, and vice versa. They reveal that 

the surface charge has an influence on the zeta potential, suspension stability, and 

thermal conductivity. 

Askar et al. [11] found that surfactants improve the stability and heat transfer 

of alumina oxide-distilled water nanofluid. 20-nm particles with weight 

concentrations of 0.1, 0.3, 0.6, and 0.9% were tested with each nanofluid 

concentration. A twin horizontal pipe was examined for increased heat transmission 

in the Reynolds number range (4000-11800). Stable nanofluids outperformed water 

in heat transfer. Mehta et al. [12] showed that nanofluid thermal conductivity and 

viscosity rose with nanoparticle volume percentage in base fluid, with heat 

conductivity increasing linearly and viscosity increasing exponentially. Samples 

with surfactant exhibited higher thermal conductivity and viscosity.  

Kanti et al. [13] examines the stability and thermophysical properties of water-

based alumina, graphene oxide, and hybrid nanofluids with different mixing ratios 

and finds that GO increases thermal conductivity and viscosity significantly, while 

adding GO boosts HNF TC and VST. Machine learning methods predict the 

thermophysical parameters of HNFs accurately. Tahmasebi-Boldaji [14] shows that 

the ultrasonic cycle increases nanofluid stability considerably, with a zeta potential 

of -32.8 mV achieved in 10 minutes. The study also indicates that increasing 

ultrasonic cycles, pH, and nanoparticle concentrations raises zeta potential [15]. 

The thermal conductivity of aluminium oxide nanofluids rises with temperature and 

weight concentration. At 0.02 wt%, it rises by 2.8% at 30°C and 7.2% at 80°C 

compared to distilled water. Alumina nanofluids exhibit similar rises, with a 

maximum rise of 12.7% at 80°C. The viscosity of aluminium oxide nanofluids also 

rises, with the highest recorded at 15.7% at 30°C and 9.9% at 80°C. 

This study aims to investigate the thermophysical properties and stability of 

alumina-distilled water nanofluid, which is a potential coolant for various 

applications. The study measured the density, viscosity, specific heat, and thermal 

conductivity of the nanofluid and analysed how these parameters were influenced 

by the pH value, volume concentrations, and particle size of the alumina 

nanoparticles. The study also examined how the grain diameter and the pH range 

influenced the nanofluid stability, which was the focus of the study. The study is 

organised as follows: Section 2 describes the problem statement and the pH Control 

of the study. Section 3 presents the experimental methods and procedures used to 

prepare and test the nanofluid samples. Section 4 reports and discusses the results 

obtained from the measurements and compares them with previous studies. Section 

5 summarises the main findings and conclusions of the study and suggests some 

directions for future research. 
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2. Problem description 

2.1. Nanofluid preparation  

Two step method was used in the preparation of the nanofluid. The used aluminium 

oxide nano powder purchased from Guangzhou Metallurgical Co. ltd - China. Their 

specification are listed in Table 1, while Fig. 1 illustrates the Field Emission 

Scanning Electron Microscopy (FESEM) image for the particles, 20 nm and 50 nm. 

The average shape is spherical, and the diameter is almost equal to their estimated 

size. The pH factor was used in order to reach the stable collide nanofluid because 

is directly related to the steric electrostatic mechanism. 

The magnetic stirrer was used as a first step to suspend the nano powder at the 

base fluid. The magnetic stirrer has a stirring speed of 1600 rpm with maximum 

heating plate temperature 250 ℃. The mixture blending for 30 minutes at the stirrer. 

The second step is homogenizing the mixture by using the probe ultra-sonication 

for 30 minutes in order to reduce the cluster size. Three volume concentration were 

used (0.1, 0.5 and 1%) for each particle size (20 nm and 50 nm). After select the 

suitable method to enhance the stability, another six sample were prepared with 

stability modification to make a comparison between the behavior of each sample 

before and after stability treatment in the same test conditions.  

Table 1. Nanoparticles specification. 

average 

particle Size, 

nm 

Purity 

(%) 

Bulk 

density 

(g/cm3) 

Density 

(g/cm3) 

Crystal 

form 
Colour 

20 99.99 1.5 3.9 Alpha White 

50 99.99 1 3.9 Alpha White 

      
    (a) 20 nm.                                             (b) 50 nm. 

Fig. 1. FESEM image for Al2O3 nano powder. 

2.2. The pH control  

In water (the current base fluid), some of its molecules dissociate into hydronium 

and hydroxide ions in reversible interactions: 

2H2O ⇋  H3O+ + OH− 

If the hydronium ions (H3O+) are dominant in the solution, then it will be in the 

acidic region and the pH will be less than 7, but if the hydroxide ions (OH-) are 
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dominant, the solution will be in the base region and the pH value will be greater 

than 7. Generally, the released ions are estimated to determine if the water is going 

to be in the basic or acidic region. Changing the pH value occurs by adding 

hydrogen chloride (HCl) or sodium hydroxide (NaOH) to the water solution. After 

adding the HCl, it will dissociate and release hydrogen ions (H+) to combine with 

hydroxide ions (OH-) to form a water molecule, and then the hydronium ions 

(H3O+) will increase, converting the water to acid. On the other hand, adding the 

NaOH to the water will produce hydroxide ions (OH-) to shift the water to the base 

region Brunelle [16]. So by altering the pH value of the collide, the electrical 

surface charge of the particles will be affected in one way or another, which is 

related to the nanofluid stability [17]. The study examined the influence of the grain 

diameter and the pH range on the nanofluid stability, and the results indicated that 

each grain diameter has an optimal pH value. Nanofluid with lower pH tends to 

have higher zeta potential, which implies more stable suspension of nanoparticles 

[18]. However, lower pH may also cause corrosion on the heat exchanger tubes. 

The optimal pH value may differ depending on the nanofluid composition and 

application. For instance, one study found that the best pH value for alumina-water 

nanofluid in a heat exchanger was 9 [4]. 

The pH value was measured by a pH meter manufactured by HANNA 

Instruments, Italy, for the range (0.0-14.0) with ±0.1 PH. The pH of the solution is 

measured by inserting the meter into a sufficient amount of the solution, waiting 

for a while until the reading is stable, and then recording the value. 

3. Measurements 

3.1. Zeta potential measurements  

The concept of measuring zeta potential can be explained as follows: when 

applying an electrical field to a liquid that holds particles, this will lead to these 

particles moving towards the positive or negative pole of the applied field due to 

the charges on their surfaces, and the sign of that charge can be known from the 

pole that is attractive to it. The velocity at which particles move is related to the 

charge strength on the surface. The moving velocity and direction will make the 

zeta potential known by value and sign. 

Zeta potential is measured by using the Zeta Potential Analyzer (Zeta Plus) at 

Brookhaven, USA, with a measured range size of 10 nm to 200µm. The nanofluid 

samples were first sonicated for 60 minutes, then 3 to 4 drops of the nanofluid 

were put in the cell where the electrical field was applied. Zeta potential is 

measured in millivolts (mV), and nanofluid stability is evaluated by the zeta 

magnitude [19, 20]. 

The pH value, particle concentration, and ionic strength are considered direct 

factors that influence the electrical charge density on the particle surface. By 

modifying this charge, the zeta magnitude will change, too. As a result, the zeta 

potential is related to the pH value of the colloid by increasing or decreasing the 

attractive forces between particles in the suspension [21]. 

3.2. Density measurements  

The experimental calculation of the density is done in the lab by using pycnometer 

method, which is based on the density definition (mass per volume). 
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The nanofluid density is calculated theoretically in a straightforward way from 

the mixture Eq. (1): 

𝜌𝑛𝑓 = 𝜑𝜌𝑛𝑝 + (1 − 𝜑)𝜌𝑏𝑓                (1) 

3.3. Viscosity measurements  

The nanofluid viscosity has the same level of importance as the thermal 

conductivity because it is directly related to the pressure drop and pumping power 

[22]. The nanofluid viscosity is measured using a U-tube viscometer, which 

measures the kinematic viscosity of the liquids. 

The theoretical viscosity is calculated according to the Batchelor model [23]: 

𝜇𝑛𝑓 = (1 + 2.5𝜑 + 6.2𝜑2)𝜇𝑏𝑓                (2) 

3.4. Specific heat measurements  

The experiment principle of the specific heat is the quantity of heat required to heat 

a unit mass of any substance by one degree by using the calorimeter method [24]. 

The calorimeter contains an aluminium vessel with 200 ml capacity, white cork to 

insulate the vessel, heater with 12-Watt capacity (1.7 - 2 Am, 6 V DC and resistance 

2-3 Ω), thermometer and mixer to homogenize the mixture heat. 

The specific heat is calculated theoretically directly based on the familiar 

relation of mixture principles: 

𝐶𝑝𝑛𝑓 =
(1−φ)(𝜌𝐶𝑝)𝑏𝑓+(φ𝜌𝐶𝑝)𝑝

(1−φ)(𝜌)𝑏𝑓+(φ𝜌)𝑝
                (3) 

3.5. Thermal conductivity measurements  

The thermal conductivity of the used nanofluid was measured using transient hot 

wire methods with the portable apparatus model KD2-por (decagon Inc.- USA). 

This apparatus has a thin metallic probe with a length of 6 cm and a diameter of 

0.13 cm, respectively. The probe is immersed in the sample and works as a heat 

source and temperature sensor. When a current passes through the probe, its 

temperature will increase. If the sample has a high thermal conductivity, the wire’s 

temperature increment is lower, and vice versa. The thermal conductivity was 

calculated through a mathematical model [25]. The theoretical heat conductivity 

was calculated using Maxwell correlation [23]: 

𝑘𝑛𝑓 = 𝑘𝑏𝑓 [
(𝑘𝑝+2𝑘𝑏𝑓)+2φ(𝑘𝑝−𝑘𝑏𝑓)

(𝑘𝑝+2𝑘𝑏𝑓)−φ(𝑘𝑝−𝑘𝑏𝑓)
]                (4) 

4. Results and Discussion 

4.1. Stability  

4.1.1. Zeta potential 

The zeta potential test was conducted on Al2O3-H2O nanofluid at different pH values, 

concentrations, and particle sizes. The first set of tests was carried out on seven 

samples of 20-nm particles and seven samples of 50-nm particles with colloid pH 

ranging from 3.5 to 10.6 at the lowest particle loading to select the optimum pH for 
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working nanofluid in the experimental test rig. The desired pH gives the best zeta 

potential value in mV Fig. 2. For the 20 nm particle size, the maximum zeta potential 

value in the acidic region was 37.5 mV, while it was -21.31 mV in the basic region, 

where the pH values were 3.5 and 10.1, respectively. The isoelectric point IEP 

appeared at a pH of 8.4, the optimum pH value was chosen at 5.5, where the zeta is 

equal to 31.2 mV. This value was chosen to ensure the parts of the rig did not corrode 

due to the acidity of the lower pH value with respect to the zeta potential value. 

The behaviour of a 50-nm particle diameter was almost similar to that of a 20-

nm particle size. The maximum zeta potential was 38.31 mV and -24.13 at pH equal 

to 3.7 and 10.6 in the acidic and basic regions, respectively. At pH equal to 5.0, the 

zeta potential was 29.48 mV. This value was selected to be the optimum pH with 

50 nm particles for the same reason mentioned previously. The IEP for this particle 

size appeared to have a pH of 8.7. 

The second set of tests were conducted on 20 nm and 50 nm particle sizes at 

different volume concentrations (0.1, 0.5, and 1%) with and without optimum pH nil 

for each size, as shown in Fig. 3, in order to explain the nanoparticle loading effect 

on the zeta potential value. The nanofluid at optimum pH shows better stability than 

the nanofluid without altering pH. The 20 nm particle size with a 1 vol.% 

concentration shows good stability with a 41.85 mV zeta potential, as does the 50 nm 

particle size with the same concentration, which also shows good stability with a 

40.05 mV zeta potential. After stability treatment, the lowest zeta potential value 

appeared at 0.1 vol.% and 50 nm particle size when recorded at 29.48 mV. 

Generally, the zeta potential value increases if the particle loading is increasing 

and the particle size is decreasing. Practically, it was found that adding 

nanoparticles worked on decreasing the pH suspension a little, and this decrease 

contributed to drawing the colloid almost to the optimum pH. The increment in the 

zeta potential value at the acidic region and the basic region occurs due to the 

presence of the required ions of the hydronium (H3O+) and the hydroxide (OH-) in 

the solution, which increase the impulse forces between particles. 

 

Fig. 2. pH value versus zeta potential of Al2O3-H2O nanofluid at 0.1 vol.%. 
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Fig. 3. Volume concentration versus zeta potential of  

Al2O3-H2O nanofluid with and without optimum pH value. 

4.1.2. Sediment photograph capturing 

Fifteen millilitres from six samples (three concentrations of 0.1, 0.5, and 1% for 

two particle sizes of 20 and 50 nm) were stored in test tubes. This sample was 

captured continuously after preparation to observe the sedimentation of the 

nanofluid with time, as shown in Fig. 4(a). Before stability treatment, the first 

sedimentation appeared through 1 day for 0.1 vol.% particle loading at both particle 

sizes, while the suspension of 1 vol.% was still without trace of sedimentation 

through 13 days for both particle sizes Fig. 4(b). Generally, the 20 nm particle size 

with 0.5 vol.% and 0.1 vol.% showed better stability where there is no complete 

separation between the nanoparticles and water, but this demeanour occurred at the 

50 nm particle size. For 1 vol.% and 20 nm, the fully sedimentation and the total 

separation between nanoparticles and the distilled water occurred after more than 

40 days. 

A distinct behaviour was observed in the sediment photograph capture method 

for the other six samples after altering the pH to the optimum value. All suspensions 

remained without sedimentation in the test tubes for 18 days; however, the 

supernatant level was marked Fig. 4(c). After that, the sedimentation appeared 

successively from the lowest loading and largest particle (0.1 vol.% and 50 nm) to 

the highest and smallest one in loading and size (1 vol.% and 20 nm), respectively. 

The nanofluid with 1 vol.% and 50 nm particle size was still homogenous without 

trace of sedimentation for 26 days, while the 20 nm at the same concentration was 

still homogenous for 28 days. The fully dissolved sediment appeared after more 

than 60 days. Fig. 4(d) illustrates the colloid with 3.5 and 3.7 pH for particle sizes 

50 and 20 nm, respectively, still without sedimentation for 61 days. 
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Fig. 4. The sedimentation photograph captures  

(a) the samples after one hour of preparation, (b) the samples after 13 

days of preparation without stability treatment, (c) the samples after 18 

days of preparation with stability treatment, and (d) the samples after 61 

days of preparation at the minimum pH value. 

4.1.3. Transmission electron microscopy (TEM) 

Figure 5 illustrates two TEM images for the Al2O3-H2O nanofluid, which represent 

the distribution of the nanoparticles in the host liquid at 50 nm and 1 vol.% with 

and without stability treatment. It could be observed that the nanofluid with stability 

treatment has minor overlapping in comparison to the nanofluid without treatment. 

The presence of the hydronium ions (H3O+) contributed to dissipating the particles, 

which reflected on stability enhancement. 

 
(a) without stability treatment. 

 
             (b) with stability treatment. 

Fig. 5. TEM image for 50 nm alumina particles dispersed in water. 
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4.2. Influence of stability, particle size and concentration on the 

nanofluid thermophysical properties  

4.2.1. Density 

Because to the inclusion of nanoparticles in the base fluid, suspension density 

increases. Figure 6 illustrates a comparison between the theoretical based on the 

physical principle of the mixture rule [26] and experimental density values versus 

the particle loading, and the results give an acceptable coincidence between them. 

At the lowest particle loading 0.1 vol.%, the nanofluid density was slightly affected 

for both particle sizes but not at the highest particle loading. There was an 

increment of 2.2% and 2.1% for the 50 nm and 20 nm particle sizes, respectively, 

compared with distilled water density. Altering pH causes a slight decrease in 

density compared with the nil pH colloid. At 1 vol.% concentration, the density 

became 2.1% and 1.9% for the 50 nm and 20 nm particle sizes, respectively. This 

decrease is due to the good dispersion of particles in the liquid, which leads to a 

decrease in the cluster size. 

From the experimental measurements, the density increases as the particle 

loading and particle size increase. The maximum deviation appeared at 1 vol.% 

concentration with 20 nm particle size at optimum pH and was 0.49% from the 

calculated value of the mixture relationship. 

 

Fig. 6. Density of the Al2O3-H2O nanofluid. 

4.2.2. Specific heat 

The specific heat of aluminium oxide (765 J/kg K) is much less than that of water 

(4179 J/kg K). By adding the nanoparticles to the water, the specific heat of the 

mixture will decrease. The experiment measurements revealed a decrease in the 

specific heat of the suspension in comparison to the theoretical values, as shown in 

Fig. 7. Experimentally, the specific heat for the nanofluid at 1 vol.% with 20 and 

50 nm particle sizes decreased by 6% and 4.2%, respectively, relative to the 

distilled water, while the theoretical decrease was 3.1%. The specific heat values 

were enhanced and closed to the theoretical values after altering the colloid pH, 

which decreased by 3.6% and 2.7% for 20 nm and 50 nm at the same concentration, 
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respectively. This is due to the reduction in cluster size caused by the stability 

treatment of the nanofluid. 

 

Fig. 7. Specific heat of the Al2O3-H2O nanofluid. 

This decrease in specific heat is related to particle loading and particle size. A 

more significant effect is noticed when the particle loading increases and the 

particle size decreases. At a particular concentration, the smaller the particles, the 

greater the number of them, which means more nanolayer effects on decreasing the 

specific heat. 

4.2.3. Viscosity 

The comparison between the theoretical and experimental values explicates that 

there is no high matching between them. Because the used theoretical models and 

many others failed to predict the experimental nanofluid viscosity as they did not 

take the particle size into account [27], except for a few models like the Khanafer 

and Vafai models [28], which are valid for volume concentrations, they are not 

used. Figure 8 illustrates the effective viscosity (µnf/µbf) versus particle size, while 

Fig. 9 represents the nanofluid viscosity at different volume concentrations. The 

highest viscosity increment was 12.6% and 15% for 50 nm and 20 nm, respectively, 

which appeared at 1 vol.% by comparison with the base fluid viscosity. The 

stability treatment caused a decrease in suspension viscosity. At the same particle 

loading 1%, the viscosity increased by 14.1% and 11.8% for 20 nm and 50 nm, 

respectively, but at the small concentration, the effect of stability treatment 

diminishes. For instance, at 0.1 vol.% particle loading and 50 nm particle size, the 

nanofluid viscosity varied from 1.2% to 1.4% in the absence and presence of pH 

control, respectively. 

Generally, the results revealed an increment in the theoretical and experimental 

Al2O3-H2O nanofluid viscosity as the concentration increased for both particle 

sizes. The measurements indicated that the viscosity increased with particle loading 

increments and particle size decrements. The decrement in viscosity occurs when 

stability treatment changes the pH because of the role of pH in density decrement, 

which in turn reflects on the viscosity along with the enhancement in particle 

distribution in the base fluid. 
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Fig. 8. Effective viscosity of Al2O3-H2O nanofluid versus particle size. 

 

Fig. 9. Al2O3-H2O nanofluid viscosity versus particle loading. 

4.2.4. Thermal conductivity 

The thermal conductivity of Al2O3-H2O nanofluid showed an enhancement in the 

theoretical (Maxwell correlation) and experimental results, where the measured 

values were higher than the theoretical results. Without altering the pH value, the 

results reveal that the best thermal conductivity augmentation reached at 1 vol.% 

with 20 nm particle size was 7.4% compared to the water, while it was 6.2% for 50 

nm particle size at the same particle loading. This increment decreased with particle 

loading decreasing, reaching 0.6% at 0.1 vol.% and 50 nm. Figures 10 and 11 show 

the value and ratio of thermal conductivity, respectively. 

The same trends appeared after altering the pH of suspension for both particle 

sizes, but with more enhancement in the thermal conductivity. The maximum 
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enhancement was 10.1% at 1 vol.% for 20 nm and 8.9% for 50 nm. The maximum 

and minimum deviations between the calculated theoretical and experimental 

results were 3.4% and 1.1%, respectively, for all ranges of testes. 

The measured thermal conductivity indicates that the small particle size and the 

high particle loading have a positive effect on thermal conductivity enhancement 

due to the liquid layering and Brownian motion. The movement of the small 

particles resulting from the Brownian motion [29] becomes smoother due to the 

stability treatment effect and the relatively high temperature used. 

 

Fig. 10. Thermal conductivity of the Al2O3-H2O nanofluid. 

 
Fig. 11. Thermal conductivity ratio of the Al2O3-H2O nanofluid. 

5. Conclusions 

This work studied the effects of nanoparticle size, volume concentration and pH 

value on the stability and thermophysical properties of alumina-distilled water 

nanofluid. It was found that adding nanoparticles enhanced the thermal 
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conductivity of the nanofluid, and this enhancement was higher for smaller 

particles and higher concentrations. The pH value also affected the stability and 

zeta potential of the nanofluid, which were higher in acidic and basic regions. The 

stability of the nanofluid increased with volume concentration, and this had a 

positive impact on its thermophysical properties. The density of the nanofluid 

increased with particle loading and size but decreased slightly with pH changes. 

The viscosity of the nanofluid increased with concentration and decreased with 

stability treatment. The specific heat of the nanofluid decreased with particle 

loading and size but increased with stability treatment. The thermal conductivity of 

the nanofluid increased without altering pH value, with the best increase at 1 vol.% 

with 20 nm particle size. The study found that small particle size and high particle 

loading enhance thermal conductivity due to liquid layering and Brownian motion. 

These results show that the stability of the nanofluid plays a major role in its 

thermophysical properties.  

 

Nomenclatures 
 

Cp Specific heat, J/kg.K 

K Thermal conductivity, W/m.K 

pH pondus hydrogenic 
 

Greek Symbols 

 Volume fraction of nanofluid 

μ Viscosity, kg/m.s 

ρ Mass density, kg/m3 
 

Abbreviations 

IEP Isoelectric point 

SDBS Sodium Dodecylbenzene Sulfonate 

SDS sodium dodecyl sulfate 

TEM Transmission Electron Microscopy 

Subscripts 

bf Base fluid 

nfb Nanofluid Particle 

pf Particle fluid 
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