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A B S T R A C T   

Excellent thermal characteristics of homogeneous dispersion of nano-sized particles in a carrier fluid (nanofluid) 
make it appealing for use in a variety of thermal applications. The study aims to prepare stable aqua-Al2O3 
nanofluid utilizing a two-step method. To increase nanofluid stability, a cationic surfactant called cetyl
trimethylammonium bromide (CTAB) is used. The carrier fluid is heated while magnetic stirring is used to in
crease nanoparticle distribution. Bath sonication with concurrent heating and probe sonication is used to 
improve long-term stability. The chemical composition of γ-Al2O3 was confirmed by X-ray diffraction (XRD) 
results, and Scanning Electron Microscopy (SEM) images revealed the shape and mean size of the particles. The 
stability of the synthesized sample is evaluated utilizing a variety of stability evaluation techniques, including 
visual examination, UV-vis spectrometry, and Dynamic Light Scattering (DLS), at various time intervals, 
including 1, 8, 15, and 30 days. After 15 days of manufacture, the stability of the nanofluid without surfactant 
was low. Due to improved particle suspension, nanofluid with surfactant has demonstrated greater UV-vis light 
absorption. After a month of synthesis, it was discovered that the mean particle sizes of suspended nanoparticles 
in carrier fluid were 80 nm and 536 nm for nanofluid with and without surfactant respectively. KD2Pro thermal 
analyzer and viscometer were used to measure the thermal conductivity and viscosity of nanofluid. As per the 
experimental results, a nanofluid’s thermophysical characteristics were found to be improved with volume 
concentration of nanofluid. Maximum augmentation in thermal conductivity and dynamic viscosity is 8.5% and 
76.2% respectively at 1% nanofluid volume concentration.   

1. Introduction 

Nanofluid consists of homogeneous suspensions of nano-sized par
ticles in a carrier fluid. It has gained significant attention in recent years 
for its potential use in thermal applications. The use of nanofluids as a 
heat transfer fluid has shown promise because of their attractive thermal 
properties and increased thermal conductivity compared to traditional 
fluids [1]. Nano-sized particles consist of a high surface area to volume 
ratio resulting in augmentation of heat transfer amongst particles and a 
carrier fluid [2]. The increased thermal conductivity can enhance the 
heat transfer performance of the fluid, leading to enhanced heat transfer 
rates and reduced energy consumption. Additionally, the size and shape 
of nanoparticles can be tailored to optimize their thermal properties for 
specific applications [3]. For example, carbon nanotubes are 

particularly effective in improving heat transfer performance in some 
applications. However, there are also challenges associated with the 
usage of nanofluids in several thermal appliances. The stability of the 
nano-sized particles in the carrier fluid is a major concern, as they may 
agglomerate or settle over time, reducing the effectiveness of the 
nanofluid. Furthermore, the production cost of nanofluids is usually 
greater than conventional working fluids, and their long-term durability 
and environmental impact are still under investigation [4]. As a result, 
the appropriateness of using nanofluids for certain thermal applications 
must be determined on a case-by-case basis, taking into account the 
application’s unique requirements as well as the potential advantages 
and disadvantages of doing so. 

Nanofluids are typically synthesized by dispersing nanoparticles into 
a base fluid, using a variety of methods. The choice of method is subject 

* Corresponding authors. 
E-mail addresses: bhavinmehta.me@charusat.ac.in (B. Mehta), kishorkumars@qu.edu.qa (K.K. Sadasivuni).  

Contents lists available at ScienceDirect 

International Journal of Thermofluids 

journal homepage: www.sciencedirect.com/journal/international-journal-of-thermofluids 

https://doi.org/10.1016/j.ijft.2023.100410    

mailto:bhavinmehta.me@charusat.ac.in
mailto:kishorkumars@qu.edu.qa
www.sciencedirect.com/science/journal/26662027
https://www.sciencedirect.com/journal/international-journal-of-thermofluids
https://doi.org/10.1016/j.ijft.2023.100410
https://doi.org/10.1016/j.ijft.2023.100410
https://doi.org/10.1016/j.ijft.2023.100410
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijft.2023.100410&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


International Journal of Thermofluids 20 (2023) 100410

2

to several influencing parameters, for instance, particle material, carrier 
fluid type, and the desired properties of the resulting nano-synthesized 
fluid. Some of the commonly used methods for synthesizing nano
fluids are one-step method and two-step method. In one-step method, 
nano-sized particles are synthesized directly in the carrier fluid. For 
example, metal nanoparticles can be synthesized in a liquid medium 
using chemical reduction techniques. Two-step method consists of syn
thesis of nanoparticles and distribution of nanoparticles in carrier fluid. 
In the first stage, nanoparticles are synthesized using chemical or 
physical techniques such as chemical precipitation, sol-gel, sonochem
ical techniques, etc. The size and shape of the nano-sized particles could 
be regulated by adjusting the synthesis factors such as temperature, pH, 
and concentration of precursors. In the second stage, the synthesized 
nanoparticles are disseminated in a carrier fluid for instance H2O, 
thermic oil, or ethylene glycol (EG). The dispersion process is typically 
achieved by using a surfactant or a dispersant. The surfactant or 
dispersant prevents the nanoparticles from agglomerating and stabilizes 
the distribution. Suspended nano-sized particles in the carrier fluid are 
continuously stirred using mechanical stirrer or magnetic stirrer to 
disseminate the nano-sized particles in the fluid uniformly [5]. 
Furthermore, Bath sonication or probe sonication method is employed 
to improve nanofluid stability for long duration [6]. 

The two-step method of nanofluid synthesis has several advantages 
such as the ability to control the nanoparticle’s shape and size, high 
stability of the resulting nanofluid, and low cost of production [7]. 
However, it also has some limitations such as the need for specialized 
equipment and the potential toxicity of the surfactants or dispersants 
used [8]. The stability of aluminum oxide (Al2O3) water nanofluid 
synthesized utilizing the two-step process and CTAB surfactant has been 
improved by researchers employing novel techniques. To promote 
long-term stability and avoid particle aggregation, these developments 
include optimizing the pH, mixing conditions, surfactant content, and 
dual sonication with simultaneous heating [8]. 

Joshi et al. [9] executed an experimental study with Al2O3 
nano-suspension in a vapor compression refrigeration system using two 
refrigerants, tetra-fluoro-ethane, and iso-butane. Authors used two-step 
technique for nanofluid synthesis. The study aimed to evaluate the effect 
of nano-synthesized fluids on the refrigeration system performance. 
Maximum COP (Coefficient of performance) enhancement of 41.9% was 
reported by researchers. Bindu and Herbert [10] developed multi-wall 
carbon nanotube, Al2O3, and ZnO (Zinc Oxide) nano-sized particles in 
aqua with two-step technique. Mono, binary and ternary nanofluid was 
synthesized to measure nanofluid stability and thermal conductivity. 
Researchers reported greater stability and thermal conductivity at 
higher bath temperatures during stirring and sonication process. Syarif 
et al. [11] used bath sonication technique to synthesize stable Al2O3-
water nanofluid and reported better stability for more than three weeks. 
Singh et al. [12] synthesized aqua Al2O3 nanofluid using CTAB (cetyl
trimethylammonium bromide) surfactant. Synthesized nanofluid had 
shown better long-term stability and higher UV-absorbance value. Kanti 
et al. [13] used DLS and UV-spectrometry techniques to evaluate syn
thesized Al2O3 nanofluid in ionic liquid with probe sonication. They had 
shown excellent stability for more than thirty days. Riahi et al. [14] used 
laser pulsation technique to synthesize stable Al2O3-water nanofluid. 
They used KD2Pro analyzer for thermal conductivity measurement of 
synthesized fluid. It was found to increase with volume fraction and 
temperature. Amalraj and Michael [15] synthesized Al2O3 and CuO 
(Copper Oxide) nanofluids to investigate the performance of solar 
panels. Nanofluids had shown better performance in comparison with 
conventional fluids. Mehta and Subhedar [16] synthesized aqua Al2O3 
nanofluid using SDBS (Sodium Dodecyl Benzene Sulphonate) surfactant. 
Authors used two-step technique to synthesize stable nanofluid 
Thermo-physical properties have shown an incremental trend with rise 
in volume fraction of nanofluid. Dani et al. [17] performed study about 
the hydrothermal synthesis of aluminum oxide (Al2O3) nanoparticles to 
enhance the critical heat flux of nanofluids. The researchers used a 

hydrothermal method to synthesize Al2O3 nanoparticles with a mean 
diameter of 40–60 nm. They then dispersed the nanoparticles in water to 
create nanofluids and tested their heat transfer performance. The study 
suggests that the nanofluids with the Al2O3 nanoparticles had an 
enhanced critical heat flux, which could be due to the increased thermal 
conductivity and surface area of the nano-sized particles. The study 
suggests that Al2O3 nanoparticles synthesized through hydrothermal 
methods exhibit improvement in the heat transfer performance of 
nano-synthesized fluids. 

Tiwari et al. [18] sonicated CeO2 (Cerium dioxide)-MWCNT 
(Multi-wall Carbon Nanotube)/water nanofluid with CTAB surfactant. 
Authors reported improvement in stability and thermophysical proper
ties of nanofluid due to attractive properties of CTAB surfactant. They 
preferred CTAB surfactant due to its cationic nature allows nanoparticles 
to attract more ions from surrounding base fluid ultimately resulting in 
development of electrical double layer and enhancement of repulsive 
force amongst consecutive nanoparticle molecules and developing sta
ble nanofluid for longer time. Mostafizur et al. [19] synthesized 
Al2O3-Methanol nanofluid with CTAB surfactant to ensure long-term 
stability. Results reported stable nanofluid for more than one month 
with enhancement in nanofluid thermal conductivity and viscosity. 
Bahari et al. [20] used CTAB surfactant to synthesize aqua-based 
Al2O3-Silicon dioxide (SiO2) nanofluid. 

Kanti et al. [21] synthesized mono and hybrid nanofluid using sur
factant to examine effect of pH on stability and thermo-physical prop
erties of nanofluid. Authors considered variation in volume fraction 
within 0.1% – 1% and reported pH as most influential parameter on 
thermal performance of nanofluid. Kanti et al. [22] synthesized Al2O3 
nanofluid to investigate effect of volume fraction and temperature on 
thermal conductivity. Authors reported augmentation in thermal con
ductivity with rise in volume concentration and temperature of nano
fluid. Kanti et al. [23] used 1-ethyl-3-methylimidazolium chloride ionic 
base fluid to disperse Al2O3 nanoparticles. Ionic nanofluid reported 
better long-term stability. Marulasiddeshi et al. [24] dispersed Al2O3 
and Al2O3-CuO (50:50) nanoparticles in water to investigate thermal 
conductivity of nanofluid. Authors reported higher thermal conductivity 
of hybrid nanofluid compared to mono nanofluid. Wanatasanappan 
et al. [25] used Al2O3:Fe2O3 nanoparticles and water: Ethylene glycol 
base fluid to prepare stable nanofluid using two-step technique. Authors 
reported viscosity enhancement with particle volume fraction. Hybrid 
nanofluid showed Newtonian behavior. 

Comparatively, γ-Al2O3 nanoparticles have more surface area than 
α-Al2O3 nanoparticles [26]. Greater contact between the nanoparticles 
and the fluid medium is made possible by the increased surface area, 
which improves the dispersion and stability of the nanofluid. Addi
tionally, the increased surface area offers more active locations for more 
heat interactions with surrounding fluid constituents which ultimately 
improves the heat transfer rate. Better dispersion throughout the fluid 
media is facilitated by γ-Al2O3 owing to larger surface area and 
distinctive crystal structure. γ-Al2O3 nanoparticles have a lower incli
nation to aggregate or settle and a higher tendency to distribute uni
formly. The stability of the nanofluid must be maintained throughout 
time, which depends on this better dispersion leads to improve its 
suitability in different heat transfer applications [27]. 

Nanofluid with CTAB surfactant had shown better long-term stability 
and greater enhancement in thermal conductivity. CTAB has a positive 
charge since it is a cationic surfactant. SDS, in contrast, is a negatively 
charged anionic surfactant. However, negatively charged nanoparticles 
like Al2O3 may respond better to the affinity and adsorption of positively 
charged surfactants like CTAB [20]. This may lead to better control over 
particle form and size as well as increased stability and dispersion of the 
nanoparticles in water. Nanoparticles can resist aggregation and sedi
mentation due to the CTAB’s cationic properties, which can intensify 
electrostatic attraction between them. When long-term stability and 
resistance to settling or flocculation are sought, this greater stability can 
be especially helpful. The synthesized Al2O3 nanoparticles may undergo 
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additional surface alterations or functionalization due to the cationic 
nature of CTAB surfactant. The introduction of particular features or 
functions to the surfaces of the nanoparticles is made possible by the 
surfactant’s positive charge, which can allow interactions with nega
tively charged molecules. The thermal conductivity of the nanofluid 
may be improved by adding CTAB surfactant during the production 
process. To improve heat transport within the fluid and reduce interfa
cial thermal resistance, the surfactant molecules can form a thin layer 
around the nanoparticles [28]. 

The present research aims to synthesize stable gamma Al2O3-water 
nanofluid to investigate the thermal conductivity and dynamic viscosity 
of nanofluid. Two-step technique is used for synthesis of nanofluids. To 
enhance thermo-migration and Brownian diffusion effect, nanofluid was 
stirred at higher base temperature of 60◦C. The present research adopts 
magnetic stirring with simultaneous heating which is followed by dual 
sonication process of bath sonication with simultaneous heating fol
lowed by probe sonication to intensify long-term stability. Experimental 
results of stability, thermal conductivity, and viscosity of aqua-based 
Al2O3 nanofluid synthesized with CTAB surfactant are compared with 
that without surfactant to determine the influence of CTAB surfactant on 
enhancement of stability and thermophysical properties of nanofluids 
which makes it suitable for several thermal applications. 

2. Material preparation 

Aluminum Oxide (γ-Al2O3) nanoparticles (Nanoshel, USA) having 
spherical shape with 20 nm mean nanoparticle diameter and 99.9% 
purity are used for nanofluid synthesis. Nanoparticles consist of 3870 
kg/m3 bulk density and conductivity of 36 W/m.K. Fig. 1. (a) and (b) 
shows photograph of γ-Al2O3 nanoparticles. Figs. 2 and 3 shows XRD 
result and SEM image of nanoparticles. XRD (D2phaser, Beauker, USA) 
is used to conduct experiment. The nano-powder is put on a glass slide 
and exposed to an X-ray beam to conduct XRD investigation on gamma 
Al2O3 nanoparticles. The electrons in the sample’s atoms cause the X-ray 
beam to scatter in various directions as it interacts with the sample’s 
atoms. The intensity of the scattered X-rays is then calculated as a 
function of the scattering angle (2θ) after the scattered X-rays have been 
detected by a detector. Result shows sharp peak at 25.41⁰, 34.97⁰, 
43.17⁰, and 57.34⁰ 2θ angle which confirms the γ phase of Al2O3 
nanoparticles [9]. 

SEM image of nano-powder is taken with the Scanning Electron 
Microscope (JEOL, USA). To perform SEM analysis, the Al2O3 nano
particles are first dispersed onto a conductive substrate, such as a 
carbon-coated copper grid. The sample is then placed into the SEM 
chamber and scanned with a focused beam of electrons. Result has 
shown spherical particle shape and an average particle size of less than 
25 nm. 

Deionized, distilled water is employed as carrier fluid. Carrier fluid 
of 200 ml volume is considered for synthesis of nanofluid. Nanoparticle 

having several volume concentrations of 0.25%, 0.5%, 0.75%, and 1% is 
used for sample preparation. Eq. (i) shows relation between volume 
fraction, volume of the base fluid, and mass of the nanoparticles. 

φ =

mnp
ρnp

mnp
ρnp

+ Vbf
(i) 

Whereas mnp is mass of nanoparticles, ρnp is density of nanoparticles, 
Vbf is volume of carrier fluid and φ is volume concentration of nano
particles. Mass of the nanoparticles is measured using setra balance unit. 
Unit consists of 0.001 gm accuracy during measurement of mass of the 
particles. CTAB surfactant (LOBA chemie) is used as cationic surfactant 
to enhance repulsive force between two consecutive molecules of 
nanoparticles which ultimately avoids agglomeration and sedimenta
tion of nanoparticles and improves long-term stability. Mass of surfac
tant is considered as 33% of mass of the nanoparticles. 

REMI (2 MLH) magnetic stirrer with hot plate is used for continuous 
stirring of nanofluid. Firstly, surfactant of prescribed mass is added to 
the prescribed volume of base fluid at constant speed of 500 RPM for 90 
min. Then, prescribed mass of nanoparticles is added to the homoge
neous solution and stirred for further 90 min by keeping base fluid 
temperature at 60 ◦C. Higher base fluid temperature results in 
augmented thermo-migration and brownian diffusion effect results in 
better distribution of nano-sized particles in carrier fluid. After stirring Fig. 1. Photograph of γ-Al2O3 nanoparticles.  

Fig. 2. X-ray diffraction results of Al2O3 nano-powder.  

Fig. 3. SEM result of Al2O3 nano-powder.  
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process, prepared fluid is sonicated by bath sonicator (M-5 US model, 
Samarth electronics pvt. Ltd., India) with simultaneous heating for an 
hour. Device consists of 200 W ultrasonic power capacity and 30 kHz 
frequency along with heating up to 60 ◦C fluid temperature. To further 
enhance stability, prepared fluid is sonicated using probe sonicator 
having model no. VC505 made by Sonics, USA. Sonicator consists of 500 
W, 20 kHz specification. Nanofluid is sonicated using probe sonicator for 
120 min and exhibits better particle dispersion and long-term stability. 
Magnetic stirring, bath sonication, and probe sonication technique is 
demonstrated in Fig. 4(a), (b), and (c). In case of synthesis of nanofluid 
without surfactant, nanoparticles are directly dispersed in the base fluid 
and synthesized by magnetic stirring, bath sonication, and probe 
sonication. 

Table 1 shows the details of the instruments used in the 
experimentation. 

3. Stability measurement techniques 

Several techniques such as visual technique, UV-spectrometry, and 
DLS technique were used to evaluate stability of synthesized nanofluid 
and their results were discussed as follows. 

3.1. Visual technique 

Visual technique is the simplest way to analyze stability of synthe
sized nanofluid. In this technique, synthesized fluid is kept steady in the 
container without giving any external agitation. Fluid sample is 
continuously observed for a specific time to observe sedimentation of 
nanoparticles. Severe sedimentation of nanoparticles results in color 
change of synthesized fluid and could be considered as unstable nano
fluid. Fig 5. (a–d) shows photograph of synthesized fluid without CTAB 
surfactant having volume fraction (φ = 1%) after 1 day, 8 days, 15 days, 
and 30 days from the day of synthesis of nanofluid. Similarly, Fig. 5. 
(e–h) depicts photograph of synthesized fluid with CTAB surfactant 
having volume fraction (φ = 1%) after 1 day, 8 days, 15 days, and 30 
days from the day of synthesis of nanofluid. Results demonstrate sedi
mentation of nanoparticles in the carrier fluid after 15 days from syn
thesis in case of nanofluid without CTAB surfactant, however, nanofluid 
with CTAB surfactant exhibits better long-term stability even after 30 
days from the synthesis. CTAB surfactant consists of long H–C (hy
drocarbon) molecular chain which makes it a good stabilizer and results 
in better long-term stability. 

3.2. UV-spectrometry 

Shimadzu UV-1800 UV spectrometer is used to measure absorbance 
power of nanofluid after several intervals of time. It consists of source 
lamp release radiation waves having wavelength varying from 190 nm 
to 1100 nm with bandwidth of 1 nm. It consists of wavelength accuracy 
and reproducibility of ±0.1 nm. The device consists of absorbance 

capacity of up to 4 Au (Absorbance Unit). As per results shown in Fig. 6, 
Nanofluid with CTAB surfactant has shown higher absorbance compared 
to that without surfactant. Higher absorbance shows better dispersion of 
nanoparticles in the carrier fluid due to presence of CTAB surfactant, as, 
it consists of positively charged molecules that interact with negatively 
charged nanoparticles and enhance repulsive force between consecutive 
nanoparticles and enhance fluid stability. CTAB molecules also consist of 
hydrophobic tail which is responsible for formation of electrical double 
layer and reduces agglomeration of nanoparticles. Highest absorbance 
of 2.68 Au is reported for highest volume fraction of nanofluid with 
CTAB surfactant. Higher absorbance shows higher nanoparticles sus
pended in the base fluid. Absorbance power was found to decrease with 
time proceeds for all samples. Sedimentation rate was found higher 
during initial days. Results show considerable stability of nanofluid after 
30 days for all volume concentrations of nanofluids with surfactant. 

Where NF is nanofluid, WS is with surfactant and WOS is without 
surfactant. 

3.3. Dynamic light scattering technique 

DLS (Dynamic Light Scattering) technique measures mean nano
particle size suspended in the nanofluid which ultimately shows the rate 
of agglomeration and stability of synthesized fluid. Particle size analyzer 
(Zetasizer, 7.13), Malvern Panalytical, is used to evaluate particle 
diameter of suspended nano-sized particles in the nanofluid. The device 
can measure particle size varying in the range from 3 nm to 100 nm and 
require 20μl sample size. Device consists of maximum uncertainty of 
±3%. Fig. 7(a) and (b) show results of nanofluid samples having 1% 
volume fraction without surfactant tested on Day 1 and Day 30 after 
synthesis of nanofluid. Results demonstrate larger mean particle size of 
80 nm and 536 nm for the nanofluid samples without surfactant tested at 
Day 1 and Day 30 after nanofluid synthesis which depicts higher 
agglomeration and aggregation of nanoparticles in the carrier fluid re
sults in poor stability. Fig. 7(c) and (d) show results of nanofluid sample 
having 1% volume fraction with surfactant tested on Day 1 and Day 30 
after synthesis of nanofluid. Sample tested after day 1 has shown 
average particle size of 24 nm while the same on day 30 has shown 
average particle size of 54 nm. Results have shown better stability of 
nanofluid after 1 month. Better long-term stability is due to the presence 
of CTAB molecules which are being adsorbed by the surface of 
aluminum oxide nanoparticles and enhances repulsive force between 
consecutive molecules. 

Where NF is nanofluid, WS is with surfactant and WOS is without 
surfactant. 

Fig. 8 shows the variation in average diameter of nanoparticles in 
nanofluids with various time intervals. Results also compare increment 
in particle size with time for various volume fraction nanofluids. 
Nanofluids without surfactant have shown greater rise in particle size 
with time in comparison with other nanofluid. 

Fig. 4. (a) Magnetic stirring with heating (b) bath sonication with heating (c) Sonication with probe sonicator.  
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4. Thermophysical properties of nanofluids 

In this section, thermal conductivity and viscosity of nanofluids with 
various volume fractions were measured. Experiments were performed 
after 30 days from the day at which nanofluid samples were prepared. 
All the experiments were repeated three times and mean of three results 
was considered for analysis. Thermophysical properties of various 
samples are measured at 25 ◦C temperature. Results were compared 
with standard mathematical products for validation. Effect of tempera
ture variation on thermophysical properties of nanofluids was examined 
during the experimentation. 

To test the thermal conductivity of a nanofluid, a KD2Pro thermal 
analyzer, Decagon Devices, USA with a KS 1 sensor is employed. 
Nanofluid is filled in 15 ml container and KS 1 sensor is inserted in the 
sample. Tube is fixed in the fixture to avoid unnecessary disturbance 
during measurement. Device can measure the thermal conductivity of 
nanofluid in the range of 0.02 – 2 W/m. K with uncertainty of ±2%. 
Thermal conductivity of Nanofluid with and without surfactant was 
measured and found to increase with nanoparticle’s volume concen
tration. Possible reasons for augmentation in nanofluid thermal con
ductivity are higher nanoparticles thermal conductivity, larger surface 
area between fluid and solid particles, continuous molecular movement 
of nanoparticles, and particle movement due to temperature gradient 
within synthesized fluid [2,6–7]. Nanofluid with CTAB surfactant 

demonstrated higher thermal conductivity in comparison with fluid 
without surfactant. CTAB surfactant due to its lower thermal conduc
tivity lowers thermal conductivity of synthesized fluid, however, CTAB 
surfactant improves stability of synthesized fluid and restricts particle 
agglomeration and sedimentation exhibits greater brownian diffusion 
and thermo-migration effect which ultimately improves thermal con
ductivity of synthesized fluid. Enhancement in thermal conductivity of 
nanofluid with surfactant at several volume fractions as with 0.25%, 
0.5%, 0.75%, and 1% was 1.9%, 3.9%, 6.4%, and 8.5%, while, 1.3%, 
3.2%, 5.5%, and 6.7% for fluid without surfactant respectively in 
comparison with base fluid. Change in nanofluid thermal conductivity 
with volume concentration is represented in Fig. 9. Said et al. [29], Esfe 
et al. [30], Sundar et al. [31], and Subhedar et al. [32] reported 
augmentation in thermal conductivity with nanofluid volume fraction. 

Results received from experimentation are compared with Hamilton 
and Crosser [33] and xue model [34] depicted by Eqs (ii) and (iii) 
respectively. Deviation in experimental results and predicted results 
were found to increase with increase in volume fraction. Maximum 
deviation reported is 4.2% at highest volume fraction (1%). As theo
retical models could not be able to predict effect of nanoparticle diffu
sion in synthesized fluid which is accountable for thermal conductivity 
augmentation of nanofluid. 

Table 1 
Instrumental details.  

Instrument name Measured parameter Model no. Manufacturer details Range Accuracy 

Weighing balance Nanoparticle mass BL-200 Setra balance 0 – 200 g ±0.001 g 
UV spectrometer Absorbance Unit (Au) UV-1800 Shimadzu, USA − 4 – 4 Au ±0.01 Au 
Particle size analyzer Mean size of suspended particles Zetasizer, 7.13 Malvern Panalytical, UK 3 – 100 nm ±0.3 nm 
KD2Pro thermal analyzer Thermal Conductivity TEMPOS Decagon Devices, USA 0.02 – 2 W/m. K ±0.0004 W/m. K 
Viscometer Dynamic Viscosity MCR-301 Anton Paar, Austria 0.0004 – 0.05 N.s/m2 ±0.00001 N.s/m2  

Fig. 5. (a–d) Photographs of visual inspection of aqua Al2O3 nanofluid without CTAB surfactant; (e-h) Photographs of visual inspection of aqua Al2O3 nanofluid with 
CTAB surfactant. 
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knf

kbf
=

knp + (n − 1)kbf − (n − 1)φ
(
kbf − knp

)

(n − 1)kbf + knp + φ
(
kbf − knp

) (ii)  

knf

kbf
=

1 − φ + 2φ knp

(knp − kbf )
loge

(
knp+kbf

(2kbf )

)

1 − φ + 2φ kbf

(knp − kbf )
loge

(
knp+kbf

(2kbf )

) (iii) 

Where knf is nanofluid thermal conductivity, kbf is base fluid thermal 
conductivity, knp is nanoparticle thermal conductivity, n = 3/ψ, where, 
ψ is particle sphericity and φ is volume concentration of nanofluid. 

From the experimental results, following correlation was developed 
to determine thermal conductivity ratio (knf/kbf) for a given volume 
fraction. 

knf

kbf
= 1 + 15.469φ (iv) 

Fig. 10 shows variation in thermal conductivity of nanofluid with 
temperature for different volume fractions of nanoparticles in synthe
sized nanofluid with surfactant. Temperature of fluid was varied from 25 
◦C to 65 ◦C using the water bath (RSB-12), Janki Impex pvt. Ltd., India. 
Device consists of temperature accuracy of ±0.1 ◦C. Sample was allowed 
to submerge in the bath for 10 min before measurement to achieve 
steady state condition. Result shows increase in thermal conductivity of 
nanofluid with temperature for all the samples. Increasing trend of 
thermal conductivity with temperature could be justified by intense 
brownian diffusion effect and thermos-migration effect at elevated 
temperatures and decrease in thermal boundary resistance between 
nanoparticles and surrounding fluid at elevated temperatures. 
Maximum enhancement in thermal conductivity was reported as 16.8% 
for 1% volume concentration at 65 ◦C compared to fluid with same 
concentration at 25 ◦C. Moldoveanu et al. [35] reported augmentation in 
nanofluid thermal conductivity with nanofluid temperature rise. Similar 
trends were reported by Kumar et al. [36], Abdolbaqi et al. [37], and 
Mukherjee et al. [38]. 

Anton Paar rotating cylinder type viscometer is being used for 
measurement of dynamic viscosity of nanofluid. Maximum sample size 
for viscosity measurement is 5 μl. Device can operate with temperature 

range of − 10 ◦C – 80 ◦C. Instrument can measure the data with ±1% 
accuracy. Fig. 11 shows change in nanofluid viscosity with volume 
fraction of nanoparticles. Experimentation includes comparison of the 
viscosity of nanofluid with and without surfactant with that of carrier 
fluid. Base fluid reported lowest dynamic viscosity and by adding 
nanoparticles, dynamic viscosity was found to increase with volume 
fraction. Gain in dynamic viscosity followed exponential trend. Presence 
of nanoparticles in base fluid forms relative motion between liquid and 
solid particles creating resistance force found responsible for viscosity 
rise. Furthermore, brownian diffusion movement of nanoparticles forms 
eddies in surrounding fluid and enhances resistance force. In continua
tion, nanoparticles due to van der Waal’s force cause particle cluster 
formation resulting in viscosity enhancement [39–41]. Experimental 
results are compared with theoretical models developed by Williams 
[42], Tseng and Ling [43], and Brinkman [44] shown by Eqs (v), (vi), 
and (vii). Model developed by Tseng and Ling was from experimental 
results performed for similar volume fraction range. 

Addition of surfactant in nanofluid reported higher viscosity in 
comparison with fluid without surfactant. The reason may be due to the 
coating of surfactant molecules on nanoparticles leads to increase in 
particle size causing a rise in resistance force and viscosity, Furthermore, 
addition of surfactant in carrier fluid influences its molecular structure 
and intern molecular forces which ultimately increase viscosity [45]. At 
1% volume fraction, viscosity of nanofluid with surfactant was found 
16% higher as compared to that without surfactant. Maximum 
enhancement reported by nanofluid with 1% volume fraction with 
surfactant was 76.2%. 

μnf

μbf
= e

[
4.91φ

(0.2092− φ)

]

(v)  

μnf

μbf
= 13.47e35.98φ (vi)  

μnf

μbf
=

1
(1 − φ)2.5 (vii) 

From the experimental results, following correlation was proposed to 
predict viscosity ratio (μnf/μbf) with volume fraction. 

μnf

μbf
= 1.074e84.463φ (v) 

Variation in dynamic viscosity of nanofluid with temperature is 
shown in Fig. 12. Temperature of the synthesized fluid was varied from 
25 ◦C to 65 ◦C. Viscosity was found to decrease with rise in temperature 
for all the samples of nanofluid with surfactant. The reason may be due 
to base fluid’s viscosity typically decreases as a nanofluid temperature 
rises because the intermolecular connections between the fluid mole
cules become weaker. The total viscosity of the nanofluid may also 
decrease as a result of this decrease in the viscosity of the base fluid. The 
thermal energy of the nanoparticles rises at higher temperatures, 
increasing their Brownian motion. The effective size and concentration 
of the nanoparticle clusters may diminish as a result of the nanoparticles 
moving more freely and independently. The effective viscosity of the 
nanofluid may decrease as the concentration and size of the nanoparticle 
clusters decline. For 1% volume fraction, viscosity was found to decrease 
by 30.7%, when fluid temperature was raised from 25 ◦C to 65 ◦C. 
Marulasiddeshi et al. [24], Wanatasanappan et al. [25], and Subhedar 
et al. [32] reported similar trend of increase and decrease in viscosity 
with Volume fraction and temperature of nanofluid. 

5. Conclusion 

This research aims at the synthesis of Al2O3-water nanofluid having 
long-term stability. Influence of CTAB surfactant on long-term stability 
and thermo-physical properties was evaluated. Two-step method was 

Fig. 6. UV-spectrometry result.  
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Fig. 7. DLS results of nanofluids (a) NF WOS (φ = 1%) at Day 1, (b) NF WOS (φ = 1%) at Day 30 (c) NF WS (φ = 1%) at Day 1, (d) NF WS (φ = 1%) at day 30.  

B. Mehta et al.                                                                                                                                                                                                                                   



International Journal of Thermofluids 20 (2023) 100410

8

employed to synthesize nanofluid having several volume concentrations 
in the range of 0.25%− 1%. Magnetic stirring with simultaneous heating 
followed by dual sonication (Bath sonication with heating, and probe 
sonication process) is used to improve long-term stability. Synthesized 
nanofluids were characterized by particle size analyzer, UV- 
spectrometer, KD2Pro analyzer, and viscometer. Following points 
were concluded from the experimental study. 

• Use of cationic Cetyltrimethylammonium bromide (CTAB) surfac
tant, Magnetic stirring with simultaneous heating followed by dual 
sonication improves nanofluid stability for a longer duration. 

• Visual inspection technique has clearly shown better long-term sta
bility for nanofluid synthesized with CTAB surfactant. Results were 

supported by DLS technique which has described highest particle 
size of 80 nm and 534 nm for nanofluid with and without surfactant 
respectively with 1% volume fraction on 30th day from synthesis 
which shows heavy particle agglomeration for the sample without 
surfactant. UV results have shown gradual decrement in absorbance 
(Au) with time for both the samples, however, rate of decrement in 
absorbance of nanofluid with surfactant is relatively lower than that 
without surfactant. 

• Thermal conductivity and viscosity of nanofluid were found to in
crease with rise in nanoparticle’s volume fraction in base fluid. Rise 
in thermal conductivity has followed linear trend while viscosity rise 
has shown exponential trend. Thermal conductivity and viscosity of 
nanofluid were found higher for samples with surfactant compared 
to that without surfactant. Maximum enhancement in thermal 

Fig. 8. DLS results for various samples.  

Fig. 9. Variation of nanofluid thermal conductivity with volume fraction.  

Fig. 10. Variation in nanofluid thermal conductivity with temperature.  

Fig. 11. Variation in nanofluid dynamic viscosity with volume fraction.  

B. Mehta et al.                                                                                                                                                                                                                                   



International Journal of Thermofluids 20 (2023) 100410

9

conductivity and viscosity of nanofluid was found to be 8.5% and 
76.2% respectively at highest volume fraction for fluid with 
surfactant.  

• Thermal conductivity was found to be increasing with temperature 
showing maximum enhancement of 16.8% for 1% volume fraction 
and 65⁰C temperature, nevertheless, viscosity has shown decrement 
with temperature rise with maximum drop of 30.7% for the similar 
working condition.  

• Effect of variation in CTAB concentration in synthesized nanofluid 
on its stability and thermo-physical properties could be evaluated. 
Suitability of CTAB surfactant with other thermic fluids and nano
particles needs to be investigated. 
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