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Abstract 

Solar energy has gained increasing popularity in the last decade, resulting in the development of photovoltaic/thermal (PV/T) 

systems to improve photovoltaic cell efficiency. Working fluid is one of the most important components in a heat transfer system. 

In this study, Fe3O4@Sylgard 309 nanoparticles were synthesized for nanofluid preparation. The stability and particle size of the 

nanofluid were analyzed using the dynamic light scattering method. Water-based nanofluid at pH 7 had the highest zeta potential 

compared to the same water-based nanofluid at different pHs ranging from 5.2 to 9.4. The nanofluid synthesized using 

cetyltrimethylammonium ammonium bromide and sodium dodecyl sulfate as the surfactant achieved better stability than the 

nanofluid synthesized without the addition of the surfactant. Ethylene glycol (EG)-based nanofluid had the highest zeta potential 

value of -2.54 mV compared to the water-based and polyethylene glycol (PEG)-based nanofluids. Nanoparticles in the PEG-based 

nanofluid remained suspended for two days and were better than the water-based and EG-based nanofluids. The improvement of 

the thermal conductivity of the metal oxide nanofluid compared to the conventional base fluid in previous studies was reviewed. 

The results showed that the thermal conductivity of nanofluid was higher than the base fluid up to 49.4%, indicating the potential 

for nanofluid applications in PV/T systems if the stability of the nanofluid can be improved. 
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Abstrak 

Populariti tenaga suria semakin meningkat sejak sedekad yang lalu dan menghasilkan pembangunan sistem fotovolta/terma (PV/T) 

untuk meningkatkan kecekapan sel fotovolta. Bendalir kerja adalah salah satu komponen terpenting dalam sistem pemindahan 

haba. Dalam kajian ini, nanozarah Fe3O4@Sylgard 309 telah disintesis untuk menyediakan cecair nano. Kestabilan dan saiz zarah 

cecair nano dianalisis menggunakan kaedah penyerakan cahaya dinamik. Bendalir nano berasaskan air pada pH 7 mempunyai 

potensi zeta yang paling tinggi berbanding dengan cecair nano berasaskan air yang sama pada pH berbeza antara 5.2 hingga 9.4. 

Kestabilan cecair nano yang disintesis menggunakan setiltrimetilammonium bromida dan natrium dodesil sulfat sebagai surfaktan 

adalah lebih baik iaitu -2.54 mV daripada cecair nano yang disintesis tanpa penambahan surfaktan. Bendalir nano berasaskan 

etilena glikol (EG) mempunyai nilai potensi zeta yang paling tinggi berbanding dengan cecair nano berasaskan air dan polietilena 

glikol (PEG). Nanozarah dalam cecair nano berasaskan PEG kekal terampai selama dua hari dan lebih baik daripada cecair nano 

berasaskan air dan EG. Peningkatan kekonduksian terma bagi cecair nano oksida logam berbanding dengan cecair asas 

konvensional dalam kajian terdahulu telah dikaji semula. Keputusan menunjukkan bahawa kekonduksian terma cecair nano adalah 

lebih tinggi daripada cecair asas sehingga 49.4% dan mempunyai potensi aplikasi cecair nano dalam sistem PV/T sekiranya 

kestabilan cecair nano dapat dipertingkatkan. 

 

Kata kunci: Ferum(III) oksida, nanozarah magnet, bendalir nano, termal kekonduksian, sifat termofizik 

 

Introduction 

As global warming worsens due to the emission of 

greenhouse gases, the demand for energy consumption 

is expected to increase, particularly in the industrial 

sector. According to the data obtained from the 

International Energy Agency, the growth of energy 

demand between 2017 and 2018 was 4% in 2018, which 

was equivalent to 900 TWh. The demand is expected to 

increase continuously as climate change increases the 

demand for air conditioning and consumption in the 

industrial sector [1-3]. 

  

Although solar energy can be converted into electrical 

energy using photovoltaic (PV) cells, long-term 

exposure will increase the temperature of the cells. 

Proton transfer rate is hindered in a commercial solar 

panel [4]. Meanwhile, 30% of the industrial process and 

heating, ventilation, and air conditioning (HVAC) 

systems require temperatures below 100 ℃, which can 

be achieved using commercial solar thermal collectors 

[3]. Working fluids (e.g., thermal oil, water, and glycols) 

have been implemented in HVAC systems but with poor 

efficiency.  

 

Based on previous studies, PV electrical efficiency 

could be enhanced by integration with a heat collection 

system. The PV electrical efficiency of a 

photovoltaic/thermal (PV/T) system using silicon 

carbide (SiC) nanofluid under different solar irradiance 

levels (400–600 W) was enhanced significantly in the 

range of 13.3%-13.9% compared to the PV electrical 

efficiency of the reference PV module without a heat 

collection system in the range of 5.2%-10.52%. Another 

study on a PV/T system using SiC nanofluid reported an 

increase in the electrical efficiency up to 24.1% 

compared to the PV system alone [7]. A study on a PV/T 

system showed that the overall energy efficiency 

increased by 76.6% and achieved an overall energy 

efficiency of 16.9% using titanium dioxide (TiO2) 

nanofluid compared to water [8]. These findings 

highlight the potential application of nanofluid in the 

PV/T system.  

 

Magnetic nanoparticles possess magnetic properties that 

ease recycling and adsorption in the heat transfer 

process. Magnetic nanoparticles consist of iron oxides, 

iron alloys, and ferrite-based nanoparticles [9,10]. 

Nanofluid is the colloidal suspension of nanoparticles in 

the base fluid. Several types of nanofluid have been 

synthesized using carbon nanotube, metal oxide, and 

silica nanoparticles [11-25]. Surfactants such as 

cetyltrimethylammonium bromide (CTAB), sodium 

dodecyl sulfate (SDS), sodium dodecylbenzene 

sulfonate (SDBS), and acetic acid have been used to 

reduce agglomeration and improve the stability of 

nanofluids. The dispersion stability of the nanoparticles 

in the liquid will affect the commercialization of the 

nanofluid as the sedimented particles might cause 

scaling in the pump [26].  

 

Ghadiri et al. synthesized Fe3O4 nanofluid with a 

nanoparticle concentration up to 3 wt. %. Acetic acid 
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was added to the nanofluid and ultrasonicated for 30 min 

to stabilize the nanofluid. The nanoparticle size was 45 

nm and the nanofluid was stable for a month. The 

electrical and thermal efficiency of the PV/T system 

using 3 wt. % Fe3O4 nanofluid recorded an improvement 

of 4.8% and 35%, respectively, compared to the PV/T 

system using distilled water [27].  

 

In the author's previous research, metal oxide nanofluid 

known as adsorbent MNP-Sylgard 309 was synthesized 

for the extraction of pollutants from environmental 

samples [11]. The excellent results allowed the metal 

oxide nanofluid to be applied in a new research field, 

which is the application for improving thermal 

conductivity. This is because the behavior of the 

synthesized metal oxide nanofluid has the tendency to 

increase the heat transfer rate in a heat exchanger 

without increasing its size. This is due to the higher 

thermal conductivity of the nanofluid. This 

improvement will lead to a lower temperature 

requirement in the thermal conductivity of a solar 

collector. 

 

In this study, Fe3O4 nanoparticles were synthesized 

using the chemical co-precipitation method. Iron oxide 

nanoparticles were modified using 3-

(triethoxysilyl)propylamine (APTES) and surfactant 

Sylgard 309. Fe3O4@Sylgard 309 nanoparticles were 

dispersed in the base fluid using ultrasonication to 

stabilize the nanofluid. Later, Fe3O4@Sylgard 309 

nanoparticles were synthesized at different pHs using 

different base fluids. The nanoparticles and nanofluid 

synthesized were characterized using the dynamic light 

scattering (DLS) method. The stability of 

Fe3O4@Sylgard 309 nanoparticles in the water at 

different pHs was analyzed and compared. Furthermore, 

the stability of Fe3O4@Sylgard 309 nanoparticles in 

different base fluids (polyethylene glycol (PEG), 

ethylene glycol (EG), and water) at similar pH with the 

addition of different surfactants was compared. A review 

of previous studies regarding the thermal conductivity 

of metal oxide nanofluid in solar collectors was 

performed and summarized. Fe3O4@Sylgard 309 

nanoparticles are feasible to be explored as the metal 

oxide nanofluid to be added to the solar collector for 

improving thermal conductivity. 

Materials and Methods 

Materials and reagents 

Methanol (99.7%), ammonia hydroxide (25%), APTES, 

acetic acid, CTAB, polyethylene glycol (PEG 1500), 

EG, and SDS were purchased from Merck (Darmstadt, 

Germany). Iron(III) chloride hexahydrate (FeCl3·6H2O) 

and iron chloride tetrahydrate (FeCl2·4H2O) were 

supplied by R&M Chemicals (Essex, UK). Deionized 

water (18.2 MΩ cm-1) used in the nanoparticles and 

nanofluid preparation was produced by a Sartorius 

Milli-Q system. 

 

Synthesis of Fe3O4 nanoparticles 

First, 3.1736 g of FeCl2·4H2O and 7.5709 g of 

FeCl3·6H2O were dissolved in 320 mL of deionized 

water and stirred under inert conditions for 1 h at 80 °C. 

Then, 40 mL of aqueous ammonia was added to the 

mixture and stirred for 1 h under inert conditions before 

being cooled to room temperature. The synthesized 

blackish liquid containing magnetic nanoparticles was 

decanted using a permanent magnet and washed using 

hot water five times to obtain Fe3O4 nanoparticles.  

 

Surface modification of Fe3O4 nanoparticles using 

APTES and Sylgard 309 

Next, the Fe3O4 nanoparticle surface was modified using 

APTES. A total amount of 4.2252 g of Fe3O4 was 

dissolved in 150 mL ethanol (50%) and sonicated for 30 

min. Then, 17 mL of APTES was added to the mixture 

and stirred under inert conditions for 2 h at 40 °C before 

being cooled to room temperature. The modified 

nanoparticles were decanted and washed using ethanol 

and deionized water a few times prior to drying for 24 h 

at 70 °C under vacuum conditions. Finally, 0.2 g of the 

modified nanoparticles was dispersed in 8 mL of 

Sylgard 309 and stirred under inert conditions for 24 h 

at 60 °C before being cooled to room temperature. The 

final product was decanted and washed with deionized 

water and ethanol before being dried under vacuum 

conditions for 24 h at 70 °C. The synthesized 

nanoparticles were characterized using a Malvern Nano-

ZS particle size analyzer to determine their 

hydrodynamic size and zeta potential. The synthesis of 

the Fe3O4@Sylgard 309 nanoparticle is shown in Figure 

1. 
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Figure 1. Synthesis of Fe3O4@Sylgard 309 nanoparticle [16] 

 

Preparation of nanofluid 

Nanofluid preparation was done by sonication (60 min) 

after adding the modified nanoparticles to the water with 

a concentration of 0.1 wt.%. Different types of 

nanofluids were synthesized using different base fluids 

(PEG, EG) and at different pHs (5.2, 5.9, 7.0, 8.4, 9.4). 

The dispersion stability and zeta potential of the 

nanofluids were determined using the Malvern Nano-ZS 

particle size analyzer. 

 

Results and Discussion 

Particle size distribution of synthesized 

nanoparticles 

The results for the synthesis of Fe3O4 nanoparticles and 

surface modification of Fe3O4 nanoparticles using 

APTES and surfactant Sylgard 309 have been published 

[16]. The paper contains the results of the 

characterization of Fe3O4 nanoparticles coated with 

APTES and Sylgard 309. The current paper focuses on 

the application of Fe3O4 nanoparticles coated with 

APTES and Sylgard 309 by studying the particle size di

stribution and zeta potential of the nanofluid to improve 

thermal conductivity. The particle size distribution 

result showed that the color of Fe3O4 changed from 

black to brown after modification using APTES. Then, 

the brown color of APTES-modified Fe3O4 

nanoparticles using Sylgard-309 changed to dark brown. 

The surface-modified nanoparticle samples are shown in 

Figure 2. Changes in the color of Fe3O4 nanoparticles 

after surface modification were observed in previous 

studies [32, 33]. Fe3O4 surface modification was done 

without changing the nanoparticle core (i.e., Fe3O4). A 

study determined that the crystallinity was preserved 

even after surface modification based on the same peak 

intensity in the X-ray diffraction (XRD) diffractogram 

[16].  
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Figure 2. Fe3O4 nanoparticles synthesized (left) and modified using APTES (middle) and Sylgard 309 (right) 

 

 
 

Figure 3. XRD patterns of Fe3O4 nanoparticles, Fe3O4 + APTES nanoparticles, and Sylgard 309@MNP [16] 

 

In our previous study, XRD was used to identify the 

crystallinity of Fe3O4, Fe3O4 + APTES, and Sylgard 

309@MNP. As shown in Figure 3, Fe3O4 exhibited good 

crystallinity with diffraction peaks appearing at the 2θ 

values of 30.42°, 35.59°, 43.59°, 53.63°, 57.50°, and 

63.04°, which can be assigned to the (220), (311), (400), 

(422), (511), and (440) reflections of Fe3O4, 

respectively, which are similar to those of other previous 

studies [23, 24]. Furthermore, the spectra of Fe3O4 + 

APTES and Sylgard 309@MNP showed approximately 

identical characteristics of diffraction peaks, revealing 

that the surface modification of Fe3O4 did not change its 

crystalline phase. The lower intensity of the diffraction 

peaks was observed in the cases of Fe3O4 + APTES and 

Sylgard 309@MNP, which may be due to the presence 

of an amorphous layer of APTES and Sylgard 309 on 

Fe3O4 [16]. 
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Based on the particle size distribution shown in Figure 

4, the particle size of the synthesized Fe3O4 had two 

peaks, which were 862.2 nm with 89.1% of intensity and 

90.53 nm with 10.9% of intensity. This revealed that the 

diameter of the synthesized nanoparticles was lower 

than 100 nm. However, there was another peak at 862.2 

nm, which was due to agglomeration, and this increased 

the hydrodynamic size of the nanoparticles in the 

nanofluid. 

 

 
 

Figure 4. Particle size distribution of synthesized Fe3O4 nanoparticles  

 

In the DLS method, an incident laser is generated, which 

is scattered by the nanoparticles in the colloidal 

suspension, causing constructive and destructive 

interference and also resulting in the fluctuation of the 

scattered light intensity. The fluctuation of the light 

intensity is then correlated to derive the hydrodynamic 

radius of the solid particle. The particle diameter 

detected using the DLS method is the hydrodynamic 

diameter of the solid particle, which is bounded by the 

slipping plane.  

 

The slipping plane of the nanoparticle is affected by the 

aggregation and diffusion of the particle through the 

boundary of the hydrodynamic structure (slipping plane) 

into the internal layer [34]. Therefore, if the nanoparticle 

is not monodispersed in the nanofluid, then the particle 

size of each nanoparticle cannot be characterized 

accurately using the DLS method. This is due to the 

aggregation of nanoparticles in the colloidal suspension, 

which will result in inaccurate particle size 

measurement. The reported data of DLS and zeta 

potential were inaccurate in previous research of 

nanomedicine research [35]. 

 

In Figure 5, the result from DLS showed that the 

nanoparticles modified using APTES had a larger 

particle diameter of 1,817 nm. However, after the 

APTES-modified nanoparticles were characterized 

using Sylgard 309 (a non-ionic surfactant), the result in 

Figure 6 showed that the two peaks in the particle size 

were 73.32 nm with 7.8% of intensity and 482.4 nm with 

92.2% of intensity. This proved that the particles 

modified using APTES caused the aggregation. The 

change in the particle size distribution could be affected 

by zeta potential and changes in the zeta potential might 

be caused by the shift of the slipping plane by molecules 

characterized on the core nanoparticle surface and also 

the displacement of the counter ion in the stern layer due 

to polymer adsorption on the core nanoparticles [36]. 
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Figure 5. Particle size distribution of Fe3O4 nanoparticles modified using APTES 

 

 

 
 

Figure 6. Particle size distribution of synthesized Fe3O4@Sylgard 309 nanoparticles  

 

Zeta potential and stability of the synthesized 

nanofluid 

Zeta potential is the parameter used to characterize the 

electric double layer on the solid/liquid interface. When 

an ionized solid particle is suspended in the liquid, it will 

be surrounded by liquid ions with the opposite charge to 

the surface of the solid particle. Both the solid particle 

and the liquid layer shell will move together through the 

liquid. The potential difference between the external 

liquid shell and the liquid is called zeta potential. Zeta 

potential is used to describe the behavior of the 

dispersion of particles in the colloidal system and the 

stability of the nanofluid [26, 37]. Abadeh et al. 

examined the effect of the type of surfactant, the amount 

of surfactant, and pH on nanofluid stability and 

magnetization [38]. 

 

This solid/liquid interface is the boundary of the 

hydrodynamic structure of the nanoparticles in the 

colloidal suspension and zeta potential is the potential 

difference between the internal layer and the external 

layer of the slipping plane, as shown in Figure 5 Zeta 

potential is an established parameter in determining the 

stability of nanoparticle dispersion in nanofluid against 

aggregation. Zeta potential higher than 30 mV or lower 

than -30 mV is considered a stable suspension due to 

charge stabilization between the nanoparticles with high 

electrostatic repulsive strength. Colloidal suspension 

with zeta potential higher than 40 mV or lower than -40 

mV is considered as having good stability [34, 37]. 

 

Based on the zeta potential values measured using the 

DLS method in Table 1, it can be determined that none 

of the synthesized nanofluids had enough stability to be 
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considered as stable colloidal suspension. In the particle 

size distribution measurement, the results generated are 

similar to the particle size distribution in which the 

particle size is affected by the aggregation of the 

nanoparticles. This is because the particle size 

distribution increased as the aggregation increased. 

Furthermore, the pH value will affect the zeta potential 

of the nanofluid. The zeta potential will affect the 

dispersive ability of the nanoparticles in the nanofluid, 

resulting in nanoparticle aggregation. This is in good 

agreement with previous studies. Zeta potential is 

usually related to the time needed for the nanoparticles 

to sediment at the bottom of the nanofluid. The time 

needed for the nanoparticles to sediment in the nanofluid 

with a zeta potential value higher than 30 mV or lower 

than -30 mV is longer than the nanofluid with a zeta 

potential value closer to 0 mV. 

 

Table 1. Zeta potential and nanoparticle size distribution of water-based nanofluids synthesized at different pHs

  

pH 5.2 5.9 Intensity 

percentage (%) 

7.0 Intensity 

percentage (%) 

8.4 9.4 

Particle size, 

diameter 

(nm) 

163.9 463.9 89.2 482.4 92.2 893.1 1,868 

- 111 10.8 73.32 7.8 - - 

Zeta potential 

(mV) 

-5.56 -4.5 100 -12.4 100 -2.54 -2.62 

  

The zeta potential value was the lowest at pH 7. As the 

pH value transitioned to a higher or lower value, the zeta 

potential increased and became closer to 0 mV. 

However, based on the observation, the sedimentation of 

the particles at pH 7 occurred earlier than other 

nanoparticles. This might be due to the nanoparticles 

being synthesized using Sylgard 309, which is a non-

ionic surfactant. This result is in contrast with the 

statement that the closer the zeta potential value to 0 mV, 

the shorter the time needed for nanoparticle 

sedimentation to occur. However, it is still acceptable as 

the zeta potential of the synthesized nanofluid is not 

lower than -30 mV and is still considered an unstable 

nanofluid. The nanoparticles in all water-based 

nanofluids synthesized at different pHs were found to 

sediment at the bottom of the nanofluids in a day. 

Therefore, pH 9.4 was chosen as an optimum pH used 

for the subsequent study. 

 

In Figure 7, the zeta potential of the water-based 

nanofluid without the addition of surfactant showed an 

apparent zeta potential of -5.8 mV, while the zeta 

potential of the water-based nanofluids synthesized with 

CTAB and SDS achieved the zeta potential values of 

32.3 mV and -41.9 mV, as shown in Figures 8 and 9, 

respectively. Nanofluid stability improvement was 

achieved using CTAB and SDS as the surfactant. The 

zeta potential result of the synthesized nanofluid with 

CTAB was positive, while the zeta potential result with 

the addition of SDS was always negative. Both 

surfactants were able to stabilize the nanofluid as the 

zeta potential of the synthesized nanofluid was higher 

than 30 mV or lower than -30 mV. The zeta potential 

results are in good agreement with the data from 

previous studies. The time needed for nanoparticle 

sedimentation to occur in the nanofluids with the 

addition of CTAB and SDS was longer than the 

synthesized nanofluid without the addition of surfactant. 

However, the nanoparticles in the synthesized nanofluid 

were found to sediment at the bottom of the nanofluid in 

a day. 
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Figure 7. Zeta potential of water-based nanofluid synthesized without the addition of surfactant 

 

 
 

Figure 8. Zeta potential of water-based nanofluid synthesized with the addition of CTAB 

 

 
 

Figure 9. Zeta potential of water-based nanofluid synthesized with the addition of SDS 

 

Nanofluids were synthesized using different base fluids 

of water, PEG, and EG without any addition of 

surfactant. Based on the data obtained in Table 2, it was 

found that the zeta potential value of water-based 

nanofluid was -2.62 mV, -14.7 mV for EG-based 

nanofluid, and 3.93 mV for PEG-based nanofluid. The 

water-based nanofluid recorded a zeta potential closest 

to zero, which means that it is highly unstable.  
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EG-based nanofluid was also highly unstable due to the 

similar zeta potential value to water-based nanofluid. 

EG-based nanofluid had a zeta potential value that was 

furthest away from 0 mV. However, based on the 

observation, nanoparticles in PEG-based nanofluid were 

able to remain suspended within two days, while the 

nanoparticles in water- and EG-based nanofluids were 

only able to remain suspended within one day. This is 

because PEG is a high viscosity base fluid. 

Sedimentation is caused by the resultant force acting on 

the nanoparticles from the stronger gravitational force 

than the drag force exerted on the nanoparticles by the 

base fluid [42].  

 

The drag force in a high viscosity base fluid is stronger 

than a low viscosity base fluid. Therefore, the 

sedimentation time of the nanoparticles in PEG-based 

nanofluid was longer.

 

 Table 2. Zeta potential values of nanofluids synthesized using different base fluids 

 

Type of Base Fluid Water-based at pH 9 EG-based PEG-based 

Zeta potential (mV) -2.62 -14.7 3.93 

 

Review of previous studies on nanofluid thermal 

conductivity in solar collectors 

Based on previous studies, the application of metal 

oxide nanofluid in PV/T systems improved the energy 

generation efficiency compared to the PV/T system 

utilizing conventional base fluid or PV system alone. 

Several types of nanofluids from previous studies are 

summarized in Table 3.  

 

Abareshi et al. synthesized Fe3O4 nanofluid using 

tetramethylammonium hydroxide as the surfactant. The 

study stated that nanofluid suspension with a zeta 

potential lower than -30 mV or higher than 30 mV was 

a stable nanofluid. The nanofluid had a zeta potential 

value of -41.7 mV, hence it was a stable nanofluid, and 

the thermal conductivity improvement was 11.5% when 

the volume fraction of the magnetic nanoparticles was 3 

vol% at 40 ℃ [46].  

 

Al-Shamani et al. prepared TiO2 nanofluid to be 

implemented in a thermal collector system of an 

integrated PV/T module. Based on the results, the TiO2 

nanofluid had an improved thermal conductivity of 

12.5% compared to water. The electrical efficiency of 

the PV/T system utilizing TiO2 increased by 1% 

compared to the module utilizing water due to the lower 

module temperature after exposure to solar irradiation 

[6]. 

 

Based on the previous studies on thermal conductivity, 

it was shown that the PV/T system utilizing metal oxide 

nanofluid was able to gain up to 49.4% thermal 

conductivity improvement compared to the 

conventional base fluid. However, the results of thermal 

conductivity improvement of the nanofluid varied. This 

could be due to different methods used for measuring the 

thermal conductivity improvement of the nanofluid 

under different parameters, such as humidity and the 

surrounding temperature of the environment.  

 

In previous research on magnetic actuated transfer 

systems, it was shown that it was possible to achieve 

overall exergy, heat transfer coefficient, and thermal 

efficiency improvement when the Fe3O4 nanofluid was 

under an alternating magnetic field. However, the 

difference in the data varied widely. Therefore, it is 

important to study this particular system to gain more 

data to determine if any additional factors may cause the 

discrepancies between these studies on magnetic 

nanofluids, as well as other nanofluids in heat transfer 

applications. 
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Table 3. Summary of thermal conductivity improvement of nanofluids in previous studies 

 

Nanofluid Concentration 
Stabilization 

Process 

Stabilization 

Analysis 

Thermal 

Conductivity 

Improvement 

Study 

• Fe3O4/water • 1 wt.% 

• 3 wt.% 

• Surfactant – acetic 

acid 

• Ultrasonication –

30 min 

• Stable in a month 

• Particle diameter = 

45 nm 

• No data 22 

• TiO2/water • 0.1 wt.% • Surfactant – SDS 

• Ultrasonication 

bath – 3 h  

• Stable in 3 days • 1% 37 

• TiO2/water • 0.1 vol%  

• 0.3 vol% 

• Surfactant – PEG 

• Pressurized 

homogenization 

• Stable for a month 

• Ratio of 

nanoparticle: 

surfactant = 1:2 

• 6% 16 

• Al2O3/water 

• CuO/water 

• 0.8 wt. % • Surfactant –SDBS 

• pH: alumina = 8.0, 

Cu = 9.5 

• Zeta potential 

higher than 40 mV   

• Alumina: 15% 

• Cu: 18% 

39 

• Al2O3/water  

• CuO/water  

• 2–10 vol% 

• 2–10 vol% 

• Ultrasonication – 3 

h 

• Stable for a few 

days 

• Alumina: 30% 

• Cu: 52% 

40 

• Fe3O4/water • No data • No data • No data • No data 41 

• Fe3O4/ water • 0–3 vol% • Surfactant –

tetramethylammon

ium hydroxide 

• No data • 11.5% at 40 ℃ 42 

• TiO2/water • 0–2 wt. % • Ultrasonication • No data • 12.5% 6 

• Fe3O4/water • 0%–0.1% • No data • Zeta potential =        

-46.3 mV 

• 33.8% at 40 ℃ 14 

 

Conclusion 

Fe3O4@Sylgard 309 nanoparticles were synthesized and 

used as the nanofluid to improve the stability and 

thermophysical properties of a solar collector. The 

stability and particle size of the nanofluid were analyzed 

using the DLS method. Water-based nanofluid at pH 7 

had the highest zeta potential compared to the same 

water-based nanofluid at different pHs ranging from 5.2 

to 9.4. The stability of the synthesized nanofluid using 

CTAB and SDS as the surfactant was better than the 

nanofluid synthesized without the addition of surfactant. 

EG-based nanofluid had the highest zeta potential value 

compared to the water- and PEG-based nanofluids. 

Nanoparticles in PEG-based nanofluid could remain 

suspended within two days, which were longer than 

water- and EG-based nanofluids. Therefore, PEG-based 
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nanofluid has the potential to be used in a solar collector 

because it has longer time to be effective as a fluid, 

which is related to the high conductivity in a solar 

system. The thermal conductivity improvement of the 

metal oxide nanofluid compared to conventional base 

fluid in previous studies was reviewed. The review 

showed that the thermal conductivity of nanofluid was 

higher than the base fluid up to 49.4%. This result 

highlights the potential of nanofluid applications in 

PV/T systems if the stability of the nanofluid can be 

improved. 
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