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ABSTRACT 

In recent years, research has been directed towards improving the thermophysical properties of single-

component nanofluids. Therefore, hybrid or composite nanofluids are developed to improve heat transfer 

performance. The thermophysical properties of ZrO2-SiO2 nanoparticles suspended in a mixture of water (W) 

and ethylene glycol (EG) with vol 60:40 or Green Nanofluids for various volume concentrations were 

investigated. Experiments were performed for volume concentrations of 0.1, 0.2, and 0.3% of green nanofluids at 

50, 60, 70, and 80°C. Measurements of thermal conductivity and dynamic viscosity are performed at 

temperatures ranging from 50-80°C. The highest thermal conductivity of the green nanofluids is obtained at a 

concentration of 0.3%, and the maximum increase is up to 37.5% higher than the base fluid (EG/W). Meanwhile, 

evidence from the dynamic viscosity of green nanofluids is affected by concentration and temperature. 

Furthermore, the green nanofluids behave as a Newtonian fluid in a volume concentration of 0.1-0.3%. In 

conclusion, the combination of increased thermal conductivity and dynamic viscosity at a concentration of 0.3% 

has optimal conditions, which has more advantages for heat transfer than at other concentrations. 

Keywords: Dynamics viscosity, Green nanofluids, Hybrid, Thermal conductivity, Temperature. 

 

 

  

Introduction 

Nanofluids are liquid suspensions containing 

metal or non-metal nanoparticles with a typical 

size of 1-100 nm that are dispersed in a base 

liquid that was first introduced by Choi, et al. 

[1]. Nanofluids have been shown to improve 

heat transfer by improving their 

thermophysical properties. Nanofluids are 

known for their use in heating and cooling 

processes. The primary cooling process is an 

integral part of industrial applications such as 

power plants, chemical processes, 

microelectronics, transportation, and 

automotive cooling systems [2-6]. The 

presence of dense particles causes interesting 

characteristics in the basic thermophysical 
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properties of nanofluids. Many researchers 

have investigated thermal conductivity, 

viscosity, density, and stability in the last few 

years [7-9]. 

 

The nanofluid preparation method is very 

important, which minimizes nanoparticle 

agglomeration and increases stability. The 

most common procedures used in the 

preparation of nanofluids are one-step and 

two-step methods. A one-step method is a 

nanofluid synthesis process with simultaneous 

particle dispersion in the base fluid. However, 

this method is not practical in industry, which 

only applies to low vapor pressure liquids. 

Another method of nanofluid preparation is a 

two-step method. There are two processes 

involved, namely (i) synthesis of nanoparticles 

in powder form (ii) dispersion of nanoparticles 

in the base liquid to form a stable and 

homogeneous solution [10-13]. Most 

nanofluids use oxide particles, and the 

preparation of carbon nanotubes through a 

two-step method [14-17]. The two-step method 

is preferred for the large-scale production of 

nanofluids required for industrial applications. 

The challenge in using the two-step method 

lies in the prevention of agglomeration that 

results in rapid sedimentation of nanoparticles 

[18]. The two-step method is the most 

dominant method compared to the one-step 

method in the preparation of nanofluids. 

 

Recent research discusses the topic of hybrid 

or composite nanofluids [19-21]. Hybrid or 

composite nanofluids are considered to be an 

extension of the research work for single 

nanofluids, which can be done by combining 

two or more different nanoparticles - either in 

the form of a mixed composite or dispersed in 

a liquid [22]. Composite or hybrid materials 

are elements that combine chemical and 

physical properties. Synthesis of hybrid or 

composite nanofluids aims to improve the 

properties of single nanoparticles through 

which thermal properties or rheological 

properties are achieved. Hybrid nanofluids are 

expected to achieve good thermal performance 

compared to single nanofluids [23]. Recently, 

Hamzah, et al. [24], Sidik, et al. [25], 

specialized journals [23], [24] present detailed 

presentations on the preparation, performance, 

and applications of hybrid nanofluids. 

Therefore, research on thermal conductivity 

and viscosity is very important in 

understanding the behavior of hybrid 

nanofluids for further implementation in heat 

transfer applications. Thermal conductivity is 

an important factor that affects the increase of 

heat transfer [26]. Several factors affect 

thermal conductivity: concentration, 

temperature, particle size, surface to volume 

ratio of nanoparticles, and nanofluid stability 

[27-31]. Turgut, et al. [32] showed that the 

thermal conductivity increased by 7.4% above 

the alkaline liquid. Experimental investigations 

with Al2O3-Cu composite nanofluids with 

water as the base fluid were carried out by 

Suresh, et al. [33], who reported an increase of 

up to 12% with increasing volume 

concentration. In another paper, Hamid, et al. 

[34] the thermo-physical properties of TiO2-

SiO2 nanoparticles suspended in a mixture of 

water (W) and ethylene glycol (EG) with a 

volume ratio of 60:40 have been reported. 

They found that the highest thermal 

conductivity for TiO2-SiO2 nanofluid was 

obtained with a ratio of 20:80 and the 

maximum increase was up to 16% higher than 

the base fluid. 

 

Several researchers have conducted research 

on the thermal conductivity, dynamic viscosity 

and stability of the produced nanofluids [28-

33, 43-51]. Green nanofluids or bio-

nanofluids, or environmentally friendly 

nanofluids are derived from several sources of 

natural materials [34, 35]. Colloidally very 

stable green nanofluids as alternative working 

fluids are very important for their effective use 

in different thermal systems [36]. Based on 

previous research, research on the 

development of green nanofluids in the world 

is still very little. 

 

Based on the problem, the research was 

conducted by focusing on the comparative 

influence of two nanoparticles (ZrO2-

SiO2)/EG-Water or green nanofluids on the 

thermal-physical properties for heat transfer 

applications. 

 

Methods 

Preparation of green nanofluids from ZrO2 

and SiO2 Nanoparticles 
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The production of green nanofluids involves 

mono nanofluids, namely ZrO2 nanoparticles 

or Nano-Zircon and SiO2 nanoparticles or 

Nano-Silicate, each of which comes from local 

natural materials found in Indonesia. Both are 

mixed and dispersed in a base fluid mixed with 

EG/Water (40:60) ratio. Nano-Zircon is made 

through the Caustic Fusion method and Nano-

Silicate is obtained from Empty Palm Oil Shell 

(EPS) which is made using the Ultra-

Sonication Method. The sizes of Nano-Zircon 

and Nano-Silicate nanoparticles are 32 nm and 

44 nm, respectively. The characteristics of 

Nano-Zircon and Nano-Silicate are given in 

Table 1. 

Table 1. Properties of ZrO2 and SiO2 

nanoparticles from synthesis process 

Properties ZrO2 SiO2 

Molecular mass, g mol
-1

 231.891 60.08 

Average particle 

diameter, nm 

32 44 

Density, kg m
-3

 5680 2220 

Thermal conductivity, W 

m
-1 

K
-1

 

2.8 1.4 

Specific heat, J kg
-1 

K
-1

 418 745 

The base fluid mixture of water and EG is used 

in the present study in a 60:40 ratio by volume. 

The ethylene glycol properties are presented in 

Table 2. 

 

Table 2. Properties of Ethylene Glycol (EG) 

[41] 

 

Properties EG 

Vapour pressure, mmHg at 20 °C 0.08 

Boiling point, °C 195–198 

Melting point, °C -13 

Density, g ml
−1

 at 25 °C 1.113 

A two-step method is used for the preparation 

of green nanofluids. Green nanofluids is 

prepared by mixing Nano-Zircon and Nano-

Silicate (50:50) ratio with EG/Water mixture 

(40:60), and sonication. The production of 

green nanofluids begins with the calculation of 

the required volume according to its 

concentration. In this research, green 

nanofluids were made with volume 

concentrations of 0.1, 0.2, and 0.3%. The 

nanofluid was first prepared at the highest 

concentration, 0.3% and then diluted to a lower 

concentration. Green nanofluids preparation 

process based on Figure 1. 

 

Figure 1. The preparation of green nanofluids 

with ZrO2 and SiO2 Nanoparticles 

ZrO2 Nanoparticles or Nano-Zircon and SiO2 

Nanoparticles or Nano-Silicate are available in 

powder form with a weight concentration of 

22% for ZrO2 and 25% for SiO2. Eq. (1) [35, 

51] is used to convert weight concentration 

into volume concentration. Dilution from a 

higher volume concentration to a lower 

volume concentration using Eq. (2) [50, 51] by 

adding the base fluid (ΔV). 

  (1) 

  (2) 

Nano-Zircon and Nano-Silica are mixed 

(50:50) with a mixture of EG/Water with a 

ratio of 40:60 to become green nanofluids. A 

total volume of 100 mL was prepared for 

nanofluids concentration. The nanofluids 

solution was mixed using a magnetic stirrer for 

15 minutes. The solution is then sonicated for 

2 hours using ultrasonic immersion to increase 

stability. 

Thermal conductivity measurement of 

Green Nanofluids 

The thermal conductivity measurement method 

follows the ASTM D5334 and IEEE 442-1981 

standards, using the TEMPOS Thermal 

Property Analyzer shown in Figure 2. Thermal 

sample conductivity test section, KS-1 sensor 

to read k [W/m K], measuring bottle to enter 

the sample to be tested, and the TEMPOS 

controller is an important part of the thermal 

conductivity measuring device. The TEMPOS 
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Thermal Property Analyzer instrument uses a 

transient line heat source to measure thermal 

properties. Thermal conductivity 

measurements were performed for 

temperatures varying from 50 to 80 °C. A 

water bath is used to keep the sample 

temperature constant. Previously, the thermal 

conductivity value from the thermal 

conductivity sensor was validated using liquid 

glycerine standards supplied by Meter Group. 

The measured K is 0.286 W/m K with an 

accuracy of ± 0.35%. The measurement of 

thermal conductivity was done several times 

and the average was taken, the measurement 

time was 15 minutes for each set of data at 

different temperatures. This is important to 

minimize the occurrence of errors in 

measurements with free convection due to 

temperature variations along the sensor that is 

in direct contact with the liquid sample. 

 

Figure 2. TEMPOS Thermal Properties 

Analyzer to the measurement of thermal 

conductivity 

Dynamic viscosity measurement of Green 

Nanofluids 

Viscosity measurement used water bath 

circulation at Brookfield LVDV III Ultra 

Rheometer. Operating conditions of 

Rheometer for viscosity measurement from 1 

to 6 × 10
6
 mPa.s. The sample of 16 mL was 

added to the cylinder jacket and pasted into a 

Rheometer. The RheoCal program is used for 

determining the VST at various spindle 

velocities. Dynamic viscosity measurements 

were performed in the temperature range of 

50~80°C. The use of a circulating water bath is 

made to control the sample temperature. The 

VST measurements are repeated five times, 

and the average value reported.  Dynamic 

viscosity measurements used the apparatus 

shown in Figure 3. Water: EG in 60:40 

mixture ratio at different temperatures is 

validated by the values reported in the 

literature. Furthermore, dynamic viscosity 

measurements are performed for ZrO2-SiO2 or 

green nanofluids. 

 

Figure 3. Brookfield LVDV III Ultra 

Rheometer to the measurement of dynamic 

viscosity 

Results and Discussions 

Properties measurement validations with 

ASHRAE 

Thermal conductivity and viscosity 

measurement data should be validated using 

ASHRAE [45] for EG/Water (60:40). 

Measurement of thermal conductivity using 

TEMPOS, data validation results with an error 

bar of 1.5% are presented in Figure 4 (a). The 

deviation for measured data is less than 1.0% 

compared to ASHRAE [45]. Reddy, et al. [46] 

performed a validation test for deviations from 

the base fluid up to 2.5% compared to 

ASHRAE [45]. Furthermore, for the same 

temperature range and water/EG ratio in the 

current viscosity measurement validation as 

stated by other papers [47-49]. 

 

Figure 4 (b) shows that the viscosity data is in 

accordance with ASHRAE [45]. Additionally, 

the data for the base fluid consisting of a 

mixture of water and EG is very accurate with 

the ASHRAE data trending decreasing 

viscosity with temperature. Therefore, further 

measurements and research for the thermal 

conductivity and dynamic viscosity of the 

green nanofluids were carried out. 
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(b) Dynamic Viscosity 

Figure 4. Validation of EG/Water (40:60) with 

ASHRAE 

 

The thermal conductivity of green 

nanofluids 

Figure 5 presented the relationship between 

the thermal conductivity of green nanofluids 

and temperature for a volume concentration of 

0.1~0.3%. The thermal conductivity of green 

nanofluids for volume concentration variations 

can increase along with temperature and is 

higher than the base fluid. Furthermore, the 

highest thermal conductivity was obtained for 

a volume concentration of 0.3% at a 

temperature of 80 °C with 37.5% higher than 

the base fluid. Meanwhile, a volume 

concentration of 0.1% gave the lowest thermal 

conductivity among the temperatures studied. 

In this research, the relationship between the 

comparison of the composition of ZrO2-SiO2 

nanoparticles (50:50) in the green nanofluids 

to the increase in thermal conductivity is 

influenced by two nanoparticles that have 

different sizes. The diameters of ZrO2 and SiO2 

nanoparticles are 32 nm and 44 nm 

respectively, where the ZrO2 nanoparticles are 

smaller than the SiO2 nanoparticles which 

measure 44 nm. ZrO2 nanoparticles play a role 

in conduction by filling the space of larger 

SiO2 nanoparticles. Increasing the contact area 

for intermolecular conduction, resulting in a 

higher heat transfer rate when there is a 

collision by Brownian motion [50], requires a 

specific arrangement of the two nanoparticles. 
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Figure 5. The experimental thermal 

conductivity of green nanofluids 

 

Dynamic viscosity of green nanofluids 

Figure 6 illustrates the dynamic viscosity 

against the shear rate in the range 920 ≤ γ ≤ 

4320 s
-1

 for a green nanofluids volume 

concentration of 0.1%. The results show that 

dynamic viscosity remains constant with an 

increase in shear rate of 0.1% vol. The shear-

independent viscosity dyamics shows that the 

green nanofluids behaves as a Newtonian fluid 

in the studied temperature. The dynamic 

viscosity of green nanofluids for different 

temperatures has a significant effect on the 

volume concentration of 0.1%. A temperature 

of 80°C gives a higher dynamic viscosity than 

a temperature of 50, 60, and 70°C as shown in 

Figure 6. This is likely due to the difference in 

intensity of ZrO2 and SiO2 nanoparticles at 

both composition ratios (50:50) in the green 

nanofluids. 

Figure 7 shows the dynamic viscosity for 

various volume concentrations of green 

nanofluids in the temperature range of 
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50~80°C. Dynamics viscosity at all volume 

concentrations follows the base fluid trend 

whereby it decreases exponentially with 

temperature. The volume concentration 

viscosity of 0.3 is higher than the value of 0.1 

and 0.2% A volume concentration of 0.3% 

showed the highest value for dynamic 

viscosity at all temperatures. Dynamic 

viscosity of green nanofluids slightly 

decreased. The Dynamic viscosity of the green 

nanofluids varies with the mixture composition 

ratio of ZrO2 and SiO2 nanoparticles, which 

may be caused by the difference in the 

interaction of these particles with the base 

fluid. However, the influence of temperature 

on the viscosity of ZrO2-SiO2 nanofluids for all 

mixture ratios decreases with increasing 

temperature, proven by Asadi, et al. [51]. 
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Figure 6. Variation of dynamic viscosity with 

shear rate 
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Figure 7. Variation of dynamic viscosity with 

temperature  

 

 

 

Comparison with literature 

Figure 8 (a) and (b) shows a comparison of 

the effective thermal conductivity and relative 

viscosity from this study with data from Nabil, 

et al. [52], Murshed, et al. [53], and Azmi, et 

al. [47]. In this research, the thermal 

conductivity of the green nanofluids increased 

1.25-1.37 times compared to the base fluid for 

a concentration of 0.1%. Murshed, et al. [53], 

using Al2O3 nanoparticles with a volume 

concentration of 1.0% of the base fluid used by 

the EG-Water mixture. They proved that the 

experimental values of the thermal 

conductivity of different nanofluids increased 

significantly with fluid temperature, which 

increased the Brownian motion of 

nanoparticles and decreased the viscosity of 

the base fluid. With the strong influence of 

Brownian action, the contribution of micro-

connectivity to heat transfer increases, 

resulting in an increase in the thermal 

conductivity of the nanofluids. 

 

Research by Nabil, et al. [52] used TiO2-SiO2 

with EG/Water as the base fluid. They present 

the results of the thermal conductivity of TiO2-

SiO2 nanofluids increasing with increasing 

concentration and temperature. However, the 

relative viscosity in their study is almost 

identical compared to this study for a 

temperature of 50°C. In another paper, Azmi, 

et al. [47] performed a relative viscosity 

measurement for TiO2 nanoparticles in an 

EG/Water-based fluid with a concentration of 

0.5%. The results of the research proved that 

the relative viscosity in the studied range 

increased by about 1.03-1.15 times compared 

to the water/EG mixture. Reasons for 

fluctuations in relative viscosity in an 

unspecified temperature range. Their relative 

viscosity is the lowest value compared to the 

others, as shown in Figure 8 (b). According to 

Sundar, et al. [37] The magnitude of the 

increase in thermal conductivity or relative 

viscosity depends on the type of nanoparticles 

and base fluid, so observed and illustrated in 

Figure 8 (a) and (b). 
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Figure 8. Comparison of green nanofluids 

properties with the data from the literature 

 

Conclusions 

In this research, the thermal conductivity and 

dynamic viscosity of green nanofluids were 

examined for three concentration volumes and 

temperatures from 50 to 80°C. Experimental 

results show that the concentration volume of 

0.3% obtains the best effective thermal 

conductivity and relative viscosity compared to 

0.1 and 0.2%. Therefore, in this research, 

different concentration volumes become 

control and performance parameters studied. In 

terms of thermal conductivity increase, the 

volume of 0.3% gave a maximum increase of 

up to 37.5% while 0.1% was observed to have 

the most negligible increase in dynamic 

viscosity, which is about 1.03 times on average 

compared to the other ratios. 
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