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ABSTRACT 

 

Thermal conductivity and viscosity of the different combination of composite 

nanolubricants for 0.02% volume concentrations at a temperature range of 

30 to 80 oC were investigated. Al2O3, SiO2 and TiO2 nanoparticles were 

dispersed in the Polyalkylene Glycol (PAG 46) lubricant using the two-step 

method of preparation. Thermal conductivity and viscosity were measured 

using KD2 Pro Thermal Properties Analyzer and LVDV-III Rheometer, 

respectively. The result shows that the thermal conductivity and viscosity of 

composite nanolubricants decrease with temperature. Composite 

nanolubricants behaved as Newtonian in the range of the temperatures 

studied. The most optimum combination of composite nanolubricant is Al2O3-

SiO2/PAG as it yields higher enhancement in thermal conductivity but lower 

in viscosity.  

 

Keywords: composite nanolubricant; thermal conductivity; viscosity 

 
 
 
 



N.N.M. Zawawi et. al 

 

29 

 

 

Introduction 
 

A new concept has been introduced by nanoparticles dispersion in lubricant-

mixed refrigerant in the refrigeration system. Thermal conductivity 

improvement for refrigerant based nanolubricants will gained more potential 

in the system especially in the automobile air-conditioning system. Heat 

transfer properties can be enhanced by increasing the thermo-physical 

properties using refrigerants. Thus, heat transfer behavior studies for 

nanolubricant are significant to enhance the efficiency and reliability of 

refrigeration and air conditioning system [1]. From literature, a few scientists 

focused on the thermo-physical properties of composite nanolubricants with 

engine oil based only [2-6].  

According to previous works, scientists have discussed on using 

composite nanofluids as an extension on nanofluids research [7-9]. 

Composite nanofluids are the new current trend in nanofluids research. 

Composite nanofluids are formulated by dispersing two or more of different 

nanoparticles in mixture or composite form in the base fluids and are able to 

improve the working fluids thermo-physical properties. Composite 

nanofluids yield a significant result in thermal conductivity enhancement and 

also heat transfer coefficient [10]. 

However, none effort has been done to investigate the composite 

nanolubricant in automotive air-conditioning system. So, in this present 

study, thermal conductivity and viscosity enhancement of two different 

combination of composite nanolubricants (Al2O3-SiO2/PAG and Al2O3-

TiO2/PAG) for 0.02% volume concentration have been studied at a 

temperature range of 30 to 80oC. Lastly, the optimum combination between 

both of the composite nanolubricant is suggested for further investigations.    
 

 

Methodology 
 

In preparation of nanolubricants, different metal oxides nanoparticles are 

used namely Al2O3, SiO2 and TiO2.Al2O3 (99.8% purity) with 13 nm in size, 

SiO2 (99.5% purity) with 30 nm in size and TiO2 (97% purity) with less 

100nm in size. These nanoparticles are procured from Sigma-Aldrich. The 

properties of the nanoparticles are given in Table 1. The characterizations of 

these nanoparticles are obtained by the field emission scanning electron 

microscopy (FESEM) technique. The images of FESEM are shown in Figure 

1. PAG 46 lubricant properties at the atmospheric pressure is given in 

Table 2. 

 



Thermo-Physical Properties Of Metal Oxides Composite Nanolubricants 

 

30 

 

 

   
(a) Al2O3    (b)   SiO2 

 

 
(c) TiO2 

 

Figure 1: FESEM image of dry nanoparticles 

 

Table 1: Properties of nanoparticles [11-15] 

 

Properties Al2O3 SiO2 TiO2 

Molecular mass (g/mol) 101.96 60.08 79.87 

Average particle diameter (nm) 13 30 ≤100 

Density (kg/m3) 4000 2220 4260 

Thermal Conductivity (W/m.k) 36 1.4 - 

Specific Heat (J/kg.K) 773 745 692 

 

Table 2: Properties of polyalkylene glycol (PAG 46) 

 

Properties PAG 46 

Density (g/cm3) @ 20 °C 0.9954 

Flash Point (°C) 174 

Kinematic viscosity (cSt) @ 40°C 41.4-50.6 

Pour Point (°C) -51 
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The two-step method was used in the preparation of the different 

combination composite nanolubricant for 0.02% volume concentration. At 

first, all nanolubricants used in the experiment; Al2O3/PAG nanolubricant, 

SiO2/PAG nanolubricants and TiO2/PAG nanolubricant were prepared 

separately. Two combinations between composite nanolubricants (Al2O3-

SiO2 and Al2O3-TiO2) were homogenized together by a 50:50 mixture ratio 

for each sample. The volume concentrations of the composite nanolubricant 

were calculated using Eq. (1).  
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KD2 Pro thermal property analyzer as shown in Figure 2 was used to 

measure the thermal conductivity of the different combination composite 

nanolubricant samples. The thermal conductivity of 0.02% volume 

concentrations of composite nanolubricants were measured at temperature 

range of 30 to 80oC after homogenization. An average of five values of 

thermal conductivity for each volume concentrations at different range of 

temperature were taken for data collection and analyzed. 

 

 
 

Figure 2: KD2 pro thermal property analyzer and water bath 

 

As shown in Figure 3, LVDV-III (low viscosity digital viscometer) 

Ultra Programmable Rheometer was used to measure viscosity of the 

different combination of composite nanolubricant samples within different 

temperatures between 30 to 80oC for 0.02% volume concentrations. Data 

measurement was carried out within the equivalent percentage of torque 
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range from 10 to 100 % and within the range of 1.0 to 6,000,000 mPa. 

Viscosity measurement was repeated three times for each temperature in 

order to obtain reliable data and the mean value from the three sets of data 

was attained for further analysis. 

 

 

 
 

Figure 3: Viscometer 

 
 
Results and Discussion 
 

Thermal Conductivity  
Thermal conductivity values of composite nanolubricant for 0.02% volume 

concentration at different temperatures are shown in Figure 5. According to 

the figure, thermal conductivity of composite nanolubricant decreases along 

with temperature increment. Thermal conductivities measurement of the 

composite nanolubricant are comparatively higher compared to the PAG 

based fluid. Liquid molecules when heated moving apart from each other 

results in increasing their mean path[13]. This behaviour aids in decreasing 

the molecules collision probability. Thermal conductivity according to 

Agarwal et al[16], can be efficiently increased due to increment of surface-

to-volume ratio of particles by dispersing smaller size particles. CRC 

Handbook of Lubrication and Tribology[17] is used to validate experiment 

data and is represented by solid straight line in Figure 4. Particles random 

distribution due to dispersion of nanoparticles in a matrix material ensured 

good material properties because it is closely related to the thermal and 

mechanical performance of composites[18]. Furthermore, the smaller size 
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nanoparticles filled the gaps in between more larger nanoparticles size and 

both nanoparticles were randomly distributed in the base lubricant. Thus, 

increased the contact area between the nanoparticles. Therefore, the thermal 

conductivity of composite nanolubricants was more enhanced. The highest 

achievable enhancement ratio of composite nanolubricant is 1.010 or 1.035% 

for Al2O3-SiO2/PAG composite nanolubricant at 80oC when compared to 

pure PAG and temperature as shown in Figure 5. Meanwhile the lowest is 

observed at 1.007 or 0.68% for Al2O3-TiO2/PAG composite nanolubricant at 

30oC. 
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Figure 4: Thermal conductivity of composite nanolubricants at different 

temperatures 

 

20 30 40 50 60 70 80 90

0.4

0.6

0.8

1.0

1.2

1.4

         Nanolubricant

 Al
2
O

3
-SiO

2

 Al
2
O

3
-TiO

2

 

 

T
h

e
rm

a
l 
C

o
n

d
u

c
ti
v
it
y
 E

n
h

a
n

c
e

m
e

n
t 

(%
)

Temperature, T (
o
C)  

Figure 5: Thermal conductivity enhancement with respect to temperatures 
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Viscosity 
Figure 6 depicts the variation of dynamic viscosity versus shear rate at 0.02% 

volume concentration for composite nanolubricant. A slight increase in 

dynamic viscosity is clearly observed with the increasing shear rate. This 

behaviour is independent to shear rate. When relationship between shear rate 

and shear stress are linear and also viscosity remains constant with shear rate, 

the behaviour of the fluid can be considered as Newtonian [19]. Therefore, 

the sample can be considered as Newtonian fluid under these conditions. This 

behaviour can be explained by considering the occurring shear heating in 

high shear rates[20]. According to Asadi et al[2], Newtanion behaviour is 

shown at volume concentration for 0.75% MWCNT-MgO/engine oil 

composite nanolubricant at 25 to 50oC. 

Viscosity variation of Al2O3-SiO2/PAG and Al2O3-TiO2/PAG 

composite nanolubricant at different temperature of 30 to 80oC for 0.02% 

volume concentrations is shown in Figure 7. It is clearly observed in the 

graph that viscosity of composite nanolubricant decreases with temperature 

increment. The increasing of nanoparticles and engine oil molecules 

interactions by nanoparticles and nanotubes addition in engine oil and the 

volume concentration increment lead to viscosity increment. This was 

probably due to restriction of oil layers’ movement and van der Waals forces 

between the molecules [4, 21, 22]. RC Handbook of Lubrication and 

Tribology[17] is used to validate data and represented by solid straight line in 

Figure 7. Viscosity measurement of composite nanolubricant for different 

combination of metal oxides are relatively higher compared to the PAG 

based fluid. The maximun viscosity enhancement ratio of composite 

nanolubricant is 1.098 or 9.79% for Al2O3-TiO2/PAG composite 

nanolubricant at 80oC when compared to pure PAG under the same volume 

concentration and temperature as shown in Figure 8. Meanwhile the lowest 

enhancement is observed at 1.012 or 1.19% for Al2O3-SiO2/PAG composite 

nanolubricant at 50oC. 
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Figure 6: Variations of viscosity with 0.02% volume concentration at 

different temperatures 
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Figure 7: Viscosity of composite nanolubricants at different temperatures 
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Figure 8: Viscosity enhancement with respect to temperatures 

 
 
Conclusions 
Thermal conductivity and viscosity of different combination composite 

nanolubricant were determined at 0.02% and various temperatures from 30 to 

80oC. The composite nanolubricants behaved as Newtonian fluid in the range 

used in the experiment. The highest achievable enhancement ratio of 

composite nanolubricant is 1.010 or 1.035% for Al2O3-SiO2/PAG composite 

nanolubricant at 80oC meanwhile the lowest is observed at 1.007 or 0.68% 

for Al2O3-TiO2/PAG composite nanolubricant at 30oC. The maximum 

dynamic viscosity increments of 1.098 or 9.79% for Al2O3-TiO2/PAG 

composite nanolubricant at 80oC were obtained meanwhile the lowest 

enhancement is observed at 1.012 or 1.19% for Al2O3-SiO2/PAG composite 

nanolubricant at 50oC. The present composite nanolubricant was intended to 

be tested in automotive air conditioning systems that use compressors and 

lubricated by polyalkylene glycol (PAG). Therefore, it is recommended to 

use the Al2O3-SiO2/PAG composite nanolubricants for application in 

refrigeration systems as it yielded higher enhancement in thermal 

conductivity but lower enhancement in viscosity which were important in 

systems efficiency. Further investigations on the performance of refrigeration 

system using the Al2O3-SiO2/PAG composite nanolubricants are required to 

extend the present work.  

 

 
Acknowledgments 
The authors are grateful to the Universiti Malaysia Pahang (UMP) and 

Automotive Engineering Centre (AEC) for financial supports given under 

PGRS170381 and RDU1603110. 



N.N.M. Zawawi et. al 

 

37 

 

 

References 
 

[1] O.A. Alawi and N.A.C. Sidik, "Applications of nanorefrigerant and 

nanolubricants in refrigeration, air-conditioning and heat pump systems: 

A review," International Communications in Heat and Mass Transfer 

(2015). 

[2] A. Asadi, M. Asadi, M. Rezaei, M. Siahmargoi, and F. Asadi, "The effect 

of temperature and solid concentration on dynamic viscosity of 

MWCNT/MgO (20–80)–SAE50 hybrid nano-lubricant and proposing a 

new correlation: An experimental study," International Communications 

in Heat and Mass Transfer 78 48-53 (2016). 

[3] M.H. Esfe, M. Afrand, W.-M. Yan, H. Yarmand, D. Toghraie, and M. 

Dahari, "Effects of temperature and concentration on rheological behavior 

of MWCNTs/SiO2 (20–80)-SAE40 hybrid nano-lubricant," International 

Communications in Heat and Mass Transfer 76 133-138 (2016). 

[4] M. Afrand, K.N. Najafabadi, and M. Akbari, "Effects of temperature and 

solid volume fraction on viscosity of SiO2-MWCNTs/SAE40 hybrid 

nanofluid as a coolant and lubricant in heat engines," Applied Thermal 

Engineering 102 45-54 (2016). 

[5] M.H. Esfe, M. Afrand, S.H. Rostamian, and D. Toghraie, "Examination 

of rheological behavior of MWCNTs/ZnO-SAE40 hybrid nano-lubricants 

under various temperatures and solid volume fractions," Experimental 

Thermal and Fluid Science 80 384-390 (2017). 

[6] E. Dardan, M. Afrand, and A.M. Isfahani, "Effect of suspending hybrid 

nano-additives on rheological behavior of engine oil and pumping 

power," Applied Thermal Engineering 109 524-534 (2016). 

[7] S. Bi, K. Guo, Z. Liu, and J. Wu, "Performance of a domestic refrigerator 

using TiO 2-R600a nano-refrigerant as working fluid," Energy 

Conversion and Management 52 (1), 733-737 (2011). 

[8] T.T. Baby and S. Ramaprabhu, "Synthesis and nanofluid application of 

silver nanoparticles decorated graphene," Journal of Materials Chemistry 

21 (26), 9702-9709 (2011). 

[9] S.M. Abbasi, A. Rashidi, A. Nemati, and K. Arzani, "The effect of 

functionalisation method on the stability and the thermal conductivity of 

nanofluid hybrids of carbon nanotubes/gamma alumina," Ceramics 

International 39 (4), 3885-3891 (2013). 

[10] J. Sarkar, P. Ghosh, and A. Adil, "A review on hybrid nanofluids: recent 

research, development and applications," Renewable and Sustainable 

Energy Reviews 43 164-177 (2015). 

[11] S. Aldrich, "Safety Data Sheet," Aluminium Oxide (2013). 

[12] I. Zakaria, W.H. Azmi, W.A.N.W. Mohamed, R. Mamat, and G. Najafi, 

"Experimental investigation of thermal conductivity and electrical 

conductivity of Al2O3 nanofluid in water-ethylene glycol mixture for 



Thermo-Physical Properties Of Metal Oxides Composite Nanolubricants 

 

38 

 

 

proton exchange membrane fuel cell application," International 

Communications in Heat and Mass Transfer 61 61-68 (2015). 

[13] M. Sharif, W. Azmi, A. Redhwan, and R. Mamat, "Investigation of 

thermal conductivity and viscosity of Al2O3/PAG nanolubricant for 

application in automotive air conditioning system," International 

Journal of Refrigeration 70 93-102 (2016). 

[14] M. Sharif, W. Azmi, A. Redhwan, and N. Zawawi. "Preparation and 

stability of silicone dioxide dispersed in polyalkylene glycol based 

nanolubricants,"  MATEC Web of Conferences 90 01049 (2017). 

[15] A. Redhwan, W. Azmi, M. Sharif, and N. Zawawi. "Thermal 

conductivity enhancement of Al2O3 and SiO2 nanolubricants for 

application in automotive air conditioning (AAC) system,"  MATEC 

Web of Conferences 90 01051 (2017). 

[16] R. Agarwal, K. Verma, N.K. Agrawal, and R. Singh, "Sensitivity of 

thermal conductivity for Al2O3 nanofluids," Experimental Thermal and 

Fluid Science 80 19-26 (2017). 

[17] R. Booser, "CRC Handbook of Lubrication and Tribology, Vol. III," 

(Issue), (1994). 

[18] I. Hanhan, A. Selimov, D. Carolan, A.C. Taylor, and S. Raghavan, 

"Quantifying Alumina Nanoparticle Dispersion in Hybrid Carbon Fiber 

Composites Using Photoluminescent Spectroscopy," Applied 

Spectroscopy 0003702816662623 (2016). 

[19] A.K. Sharma, A.K. Tiwari, and A.R. Dixit, "Rheological behaviour of 

nanofluids: A review," Renewable and Sustainable Energy Reviews 53 

779-791 (2016). 

[20] M. Bahrami, M. Akbari, A. Karimipour, and M. Afrand, "An 

experimental study on rheological behavior of hybrid nanofluids made 

of iron and copper oxide in a binary mixture of water and ethylene 

glycol: Non-Newtonian behavior," Experimental Thermal and Fluid 

Science 79 231-237 (2016). 

[21] B. Kim, H. Park, and W.M. Sigmund, "Rheological behavior of 

multiwall carbon nanotubes with polyelectrolyte dispersants," Colloids 

and Surfaces A: Physicochemical and Engineering Aspects 256 (2), 

123-127 (2005). 

[22] V.Y. Rudyak, "Viscosity of nanofluids. Why it is not described by the 

classical theories," Advances in Nanoparticles 2 (03), 266 (2013). 

 


