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Abstract 

 

In this investigation work, Cerium Oxide (CeO2) nanoparticles have been synthesized by Co-Precipitation technique from the 

powder mixture of Cerium Nitrate and Sodium Hydroxide (NaOH) obtained from a chemical route synthesis. Synthesized 

nanoparticle characterization measured by using XRD and SEM analysis. CeO2/water nanofluids with volume concentrations from 

0.1%, 0.2% and 0.3% were then prepared by dispersing the synthesized nanopowder in distilled water. The experimental results 

have shown that thermal conductivity of the prepared nanofluids increase with the nanoparticles volume concentration. The thermal 

conductivity of prepared nanofluids has been measured. The experimental measurement of thermal conductivity showed a 

maximum enhancement of 18.10% for a volume concentration of 0.3%. The experimental results have been compared with the 

base fluid. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Nanofluid is the term coined [1] to illustrate stable colloidal suspension of nano sized (1–100 nm) solid particles in common base 

fluids such as water, oil, ethylene glycol. Nanofluids are novel engineering materials which have several applications in technology, 

medicine and industry [2-4]. The thermal conductivity of nanofluids increases with the concentration of nanoparticles in 

suspension. Because of such properties, one of the most common uses of these processes is nanofluids heat replace [5–7]. 

Duangthongsuk and Wongwises [8] investigated TiO2 /water nanofluids and establish an increase of 3-7% in thermal conductivity 

for volume fraction range between 0.2% and 2%. Choi et al. [9] choose to examine transformer oil based nanofluids and observed 

that the thermal conductivity increases by more than 20% over the base fluid for a 4% volume fraction of Al2O3. Some remarkable 

increase in the thermal properties of nanofluid like thermal conductivity and convective heat transfer possible is appropriate to the 

definitely changed thermal properties of nanoparticles in evaluation to the predictable fluid. Nanoparticles can be either metal 

oxide [10–11] such as Al2O3, CuO, ZnO and TiO2 [12–14] or carbon based particles like carbon nanotube (CNT), graphene oxide 

(GO) and graphene nano platelets (GNP). Preparation of nanofluid is the important step in the use of nanoparticles to develop the 

thermal conductivity of predictable heat transfer fluids. Researchers include various types of nanoparticles like metallic particles 

(Ag, Al, Au, Cu, and Fe), non-metallic particles (Al2O3, CuO, Fe3O4, SiC and TiO2) and carbon nanotubes. The thermal 

conductivity of nanofluids differs with the size, shape, and material type. For illustration, nanofluids with metallic nanoparticles 

were established to have a higher thermal conductivity than nanofluids with non-metallic (oxide) nanoparticles. The smaller 

particle size has the higher thermal conductivities of nanofluids. Additionally, nanofluids with spherical shape nanoparticles show 

a smaller increase in thermal conductivity compared with the nanofluids have cylindrical nanoparticles [15]. 
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II. EXPERIMENTAL WORK 

 Synthesis of Nanoparticle 

Nanoparticle of Cerium Oxide powder was prepared by Co-Precipitation Method (CPM) which consists of following stages: 

stirring reflux, centrifuging washing, redispersing in fluids. Soluble nitrate of cerium was the starting material. Cerium Oxide 

nanoparticle is prepared by using the chemical precipitation method. Sodium hydroxide solution is added drop wise to the Cerium 

Nitrate solution and this solution is placed on the magnetic stirrer device. Cerium Oxide settles at the bottom of the solution in 

precipitate form. Then, filter the cerium oxide precipitation by using filter paper. After, two days to get dry Cerium Oxide and to 

make nanopowder using pestle and mortar. 

 Characterization of the prepared powder sample 

The XRD (X-Ray Diffraction) and the SEM (Scanning Electron Microscope) analysis of the synthesized nanoparticles are shown 

in Fig. 1. The powder XRD was carried out with using a Bruker AXS D8 Advance ECO X-ray Diffractometer Systems with 

SSD160 1 D Detector by Cu-kα1 emission in the range of 10–80◦. The reflections in the XRD pattern were recognized as equivalent 

to the tetragonal phase of CeO2 nanoparticles using Joint Committee on Powder Diffraction Standards. The average particle size 

of the sample was calculated to be 11-20 nm using Scherrer formula. The microstructure of the powder sample was characterized 

by Carl Zeiss EVO 18 Scanning Electron Microscope which shows that the as prepared particles microstructure. 

 Preparation of nanofluid 

Preparation of nanofluid is the first key step in the experimental studies through nanofluids. The quantity of CeO2 nanoparticles 

required for synthesis of nanofluids is calculated using the law of mixture formula. A responsive stability with a 0.1mg resolution 

is used to weigh the CeO2 nanoparticles very accurately. The weight of the nanoparticles essential for synthesis of 100 ml CeO2 

nanofluid of a particular volume concentration, using distilled water base fluid is calculated by using the relation of % volume 

concentration formula. Nanofluid with a required volume concentration of 0.1%, 0.2% and 0.3% was prepared by dispersing a 

particular amount of CeO2 nanoparticles in distilled water. 

III. MEASUREMENT OF THERMAL PROPERTIES OF NANOFLUID 

 Thermal Conductivity 

Thermal Conductivity is the property of a material with the purpose of indicates its capacity to conduct heat. The thermal 

conductivity of CeO2/water nanofluid was measured by using a KD2 Pro thermal property analyzer (Decagon Devices). The KD2 

Pro has three compatible sensors which measure thermal conductivity. It allows measurements and involved data storage with 

space for in excess of 4,000 measurements. A dense KD2 Pro controller is much more than a simple deliver for time and 

temperature. The proprietary algorithm fits time and temperature data with exponential integral functions using a nonlinear smallest 

amount squares method. This full mathematical solution delivers thermal resistivity to within ±10%. The KD2’s sensor needle 

contains both a heating ingredient and a thermistor. The controller section contains a battery, power control circuitry and 16-bit 

microcontroller/AD converter. The thermal conductivity measurement assumes: (i) the long heat basis can be treated as an infinitely 

long heat source (ii) the medium is both homogeneous and isotropic, and at standardized initial temperature, T0. The sensor needle 

used was KS-1 which is made of stainless steel have a length of 60 mm and a diameter of 1.3 mm, and narrowly approximates the 

infinite line heat source which gives smallest amount disorder to the sample through measurements. To measure the thermal 

conductivity of fluids, sensor needle can be used in the range of 0.2–2 W/m K with an accuracy of ±5%. Each measurement cycle 

consists of 90s. During the first 30s, the instrument will equilibrate which is then followed by heating and cooling of sensor needle 

for 30s each. The calibration of the sensor needle was carried out thermal conductivity of CeO2/Water. The standard values for 

distilled water is 0.58 W/m K. The calibration of the KD2 Pro sensor needle was carried out at room temperature (32◦C) and 

prepared nanofluids give the better thermal conductivity value of 0.681W/m K at 0.3% as compared to base fluid. 

 Thermal Resistivity 

Thermal resistivity is a heat property and a capacity of a temperature difference by which material resists a heat flow. Thermal 

resistivity is the reciprocal of thermal conductivity. It to be calculated by using measured thermal conductivity values of nanofluids.  

IV. RESULT AND DISCUSSION 

 XRD and SEM Analysis 

The λ value 1.54060 was used for calculating the crystallite particle size. The particle size were obtained by using Scherrer equation 

where d = 0.9 λ/β. Cos θ and computer program (powder X). The X-ray diffraction pattern indicates that the product is Cerium 



Synthesis and Thermal Conductivity Characteristics of Cerium Oxide - Water Nanofluids  
(IJSTE/ Volume 7 / Issue 10 / 006) 

 

 All rights reserved by www.ijste.org 
 

31 

Oxide and the diffraction peaks are broadened due to small size of crystallite. SEM analysis is used to find out the microstructure 

of the prepared powder sample. XRD and SEM analysis result is shown in fig.1. (a), (b) and (c). 

 
Fig. 1: (a) XRD pattern 

    
Fig. 1: (b) SEM image at magnification 50.00 K ×     Fig. 1: (c) SEM image magnification at 50.11 K × 

 Thermal Analysis 

The thermal conductivity of CeO2/water nanofluid was measured by using a KD2 Pro thermal properties analyzer (Decagon 

Devices). The thesis presents result of measurements of thermal properties of CeO2/water nanofluid with various concentrations 

of particles. This linear relationship between the measured thermal conductivity ratio and volume concentration may be because 

of the formation of superior particle-free regions in the liquid that present greater thermal resistances by the agglomerated particles. 

The greater volume concentration thermal conductivity values are better as compared to other volume concentration of nanofluids. 

Thermal resistivity is also reciprocal to thermal conductivity values of nanofluids. The variation result values of thermal 

conductivity and thermal resistivity are plotted in below. 

  
Fig. 2: Variation of Thermal Conductivity with % of 

Vol.Concentration 

Fig. 3: Variation of Thermal Resistivity with % of 

Vol.Concentration 
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V. CONCLUSION 

In this experimental investigation, CeO2 nanoparticles are synthesized using a Co- Precipitation method and prepared nanoparticles 

has been characterized by X-Ray Diffraction and Scanning Electron Microscopy analysis. CeO2 /water nanofluids of essential 

volume concentrations were then prepared by dispersing the synthesized nanopowder in distilled water. Different volume 

concentrations of nanofluids (0.1%, 0.2%, and 0.3%) were prepared and its thermal conductivity measured using a KD2 Pro thermal 

properties analyzer. The experimental results show that there is a significant improvement in effective thermal conductivity of the 

prepared nanofluids compared with base fluid. The thermal conductivity of nanofluids increases extremely with increasing volume 

concentration of nanoparticles. Also, thermal resistivity was calculated from thermal conductivity values because the thermal 

resistivity is reciprocal to thermal conductivity. 
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