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Heat transfer techniques utilizing nanofluids have been developed. Various metallic and ceramic 

nanofluids with water have been thoroughly investigated for their thermal applications. The  

current study deals with the synthesis of zirconium dioxide (ZrO2) and titanium dioxide (TiO2) 

hybrid nanofluids through a two-step process. Nanoparticle volume fractions (50% of ZrO2 and 

50% of TiO2 by volume) and concentrations of 0.5, 1 and 1.5 % by weight were created for this 

purpose. The thermal conductivity (TC) and viscosity (VC) of hybrid nanofluids made using 

various volume fractions were measured at temperatures ranging from 25 to 60 °C. X-ray 

diffraction (XRD) showed that the materials produced were monoclinic ZrO 2 and TiO2. 

Nanoparticles were characterized by XRD, SEM (Scanning Electron Microscopy) and EDX 

(Energy Dispersive X-Ray) with mapping and FTIR (Fourier Transform Infrared Spectroscopy). 

SEM scans revealed that the nanoparticles were irregularly shaped and strongly agglomerated.  
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Many industries depend on heating and cooling fluids, 

including the power, transportation, and electronics 

industries. All high-energy equipment must have 

appropriate cooling systems to work. Owing to their low 

heat transfer properties, common fluids for heat transfer 

such as oil, water, and ethylene glycol (EG) have a 

limited capacity for carrying heat. However, solid 

particles have superior thermal conductivity (TC) to most 

fluids, and their dispersion in a liquid improves its heat 

transmission qualities. Colloidal suspensions comprising 

metal, nitride, carbon nanotube, or metal oxide particles 

smaller than 100 nm in size, diluted in a base fluid such 

as EG, refrigerants, and water, are known as nanofluids. 

Many researchers are investigating more effective 

techniques for improving the thermal performance of 

heat transfer fluids [1–3]. A helical coil heat exchanger 

utilizing CuO, TiO2, and Al2O3/water nanofluids has also 

been investigated. The efficiency of heat exchangers may 

be improved by adding nano-particles into water [4]. A 

study found that the pressure drop was 9 % larger than 

that of water at a concentration of 0.8 % [5]. According 

to a report, base fluids and nano- fluids have higher 

convectional heat transfer coefficients. Nanofluids of EG 

with 1 % copper nanoparticles need less coolant pumping 

power than the base fluid [6]. Synthesizing an Al2O3-Cu 

nanocomposite utilizes a thermochemical process. By 

dispersing it in deionized water, hybrid nanofluids may 

be created to the necessary volume. Thus, the viscosity 

(VC) and TC values for the hybrid fluids are much more 

significant than those predicted by theoretical models [7]. 

Based on comparative calculations from statistical 

processes and mixing theory, the results were favourable. 

The grain size, surface area, porosity, and porosity inter-

face layer may be responsible [8]. On the viability of 

employing an air-cooled heat exchanger, an Al2O3 nano- 

fluid from a renewable energy source is being researched. 

The maximum heat exchange was 0.325 kW, equivalent 

to 60 ⁰C in temperature and 2.4 L/min pumping power. 

The enhanced heat capacity ratio dropped as the 

intake temperature rose, but the pumping power ratio 

increased [9]. 

 

Nanofluids consisting of graphene and water may 

improve heat transmission using less power [10]. The TC 

values of Al2O3/H2O nanofluids at various particle 

concentrations were reported using the KD2 Pro thermal 

property analysis tool. Viscosity significantly increased 

as nanoparticle concentration increased. TC values 

increased by 9.44 and 13.22 % when compared to 

volume concentrations [11]. Numerous studies have 

examined the TC of nano-fluids with metal or metal 

oxide particles [12–15]. 0.1, 0.2 and 0.3 % volume 

fractions of ZrO2/H2O nano-fluids were tested using a 

KD2 Pro device to determine their TC. The obtained 

VC values were proportional to the nanoparticle 

concentrations [16]. Nanofluids were measured at 

different concentrations in the base fluid because they 

often have better thermophysical properties than other 

materials. The characteristics imply that the studied 

samples were more appropriate for thermal management 

applications [17, 18]. A two-step technique was utilized 

to create nanofluids in EG. The TC of ZrO2/EG was 

calculated using a thermal property analyzer with five 

different volume concentrations. Heat transport was 

predicted to be significantly influenced by ZrO2 nano- 

particles [19]. Concentrations between 0.5 and 1.5 vol%. 

20 to 60°C were used to study the TC and VC of hybrid 

nanofluids [20]. 
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The TC and dynamic viscosity of SiO2-TiO2 

nanofluids have been experimentally investigated. The 

sample with the greatest stability required 90 minutes of 

sonication time and had an absorbance ratio of over 70 % 

[21]. A thermal property analyzer like the KD2 Pro can 

determine the TC values associated with nanofluids at 

various temperature ranges. When the experimental data 

and several models were evaluated, it was discovered that 

the estimated values from the theoretical models were 

much lower than the observed values [22–26]. Several 

researchers reviewed the characteristics of nanofluids 

and potential issues. Convective heat transfer may be 

increased by various methods, including changing the 

flow's form and boundary conditions or improving the 

actual fluid's TC. From the literature, titanium dioxide 

and zirconium dioxide nanofluids have solid thermal 

conductance and efficient heat transfer capabilities, 

making them ideal for thermal engineering applications 

[27–30]. 

 

In this work, ZrO2-TiO2 hybrid nanofluids were 

synthesised utilizing a two-step process. Characterization 

was performed using SEM, EDX with mapping, XRD, 

and FTIR analysis. 

 

 

 

 

 

 

 

 

 

 

EXPERIMENTAL 

 

Synthesis and Preparation of ZrO2-TiO2 Hybrid 

Nanofluid 

 

In this work, a combination of ZrO2 and TiO2 hybrid 

nanofluids was used to generate various nanoparticle 

concentrations utilizing a two-step process of nano-

particle dispersion in the underlying fluid [7]. Nano- 

fluids were made with two distinct nanoparticle volume 

fractions (50% of ZrO2 and 50% of TiO2 by volume) and 

concentrations of 0.5, 1 and 1.5 % by weight were created 

for this purpose. Pre-weighed quantities of nanoparticles 

were dispersed in 1000 ml of distilled water as the base 

fluid to create the sample nanofluids. This approach is 

used to synthesize nanofluids by combining essential 

fluids. This technology is inexpensive and suited for 

large-scale manufacturing since it uses processes often 

utilized in industries. Table 1 shows the details of the 

ZrO2 and TiO2 nanoparticles. A graphic representation of 

the hybrid nanofluid preparation process is provided in 

Figure 1. Equation 1 was explicitly computed and 

reassessed to measure the exact equilibrium of the 

nanoparticles employed [19]. 

 

 

 

 

 

 

 

 

 

where ρ = density and W = weight 

 

 

Table 1. Details of nanoparticles. 

 

Sl. No Nanoparticle Size Manufacturer 

1 ZrO2 100 nm Sigma-Aldrich 

2 TiO2 100 nm Sigma-Aldrich 

 

Figure 1. Preparation process of hybrid nanofluids. 
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Figure 2. Sonication of hybrid nanofluids.
 

 

 
Figure 3. (A, B) SEM images of TiO2 nanoparticles at two magnifications (250 K X and 50 K X). (C, D) SEM 

images of ZrO2 nanoparticles at two magnifications (250 K X and 50 K X). (E, F) SEM images of  

(ZrO2-TiO2) nanoparticles at two magnifications (250 K X and 50 K X). 
 

 

The two different nanoparticle concentrations 

necessary were created by combining distilled water with 

a mixed solution of nanoparticles using an ultrasonic 

probe sonicator at 180 W and 40 kHz for 180 minutes. 

This process breaks down large agglomerates [1]. A 

surfactant was added to boost the nanofluid's stability. 

Figure 2 illustrates that hybrid nanofluids were sonicated 

using an ultrasonicator. 
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Material Characterization 

 

SEM Analysis 

 

The SEM images of the synthesized ZrO2 and TiO2 

nanoparticles are shown in Figure 3. To analyze the real 

surface morphology of the ZrO2 and TiO2 nanoparticles, 

we used an SEM (ZEISS EVO18) at 0.2 to 30 kV of 

accelerating voltage and an analytical working distance 

(AWD) of 6 mm. The size and dispersion of the particles 

and microstructural analysis provided quality control and 

a critical analytical tool for assessing grain structures. 

The SEM photos demonstrate that the nanoparticle 

aggregation increased the size of the ZrO2 and TiO2 

nanoparticles and that their shapes were uniformly 

spherical. 

 

EDX with Mapping Analysis 

 

EDX (Energy Dispersive X-Ray) line mapping was 

crucial for confirming the composition of the nano-

particles. The elemental line mapping for the combination 

of ZrO2-TiO2 nanoparticles is seen in Figure 4. Three 

colours (red, yellow and green) appear in these mapping 

images. Red represents the zirconium (Zr) component, 

yellow represents the titanium (Ti) component, and green 

represents the oxide (O) component. The EDX spectrum 

supported these findings. 
 

 

 
 

Figure 4. EDX analysis of (ZrO2-TiO2) nanoparticles. 
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XRD Analysis 

 

The ZrO2 and TiO2 nanoparticle powders were subjected 

to X-ray Diffraction (XRD) analysis (D8 Advance ECO). 

CuKα radiation (1.54 A) was employed at a voltage of 40 

kV and 25 mA of current. The ZrO2 and TiO2 nano-

particles’ XRD patterns are shown in Figure 5 and 

Figure 6. The apparent peaks of the nanoparticles 

showed excellent crystallinity; no distinctive peaks of 

any other phase of the nanoparticles were seen and these 

were consistent with JCPDS card no. 32-1498 for ZrO2 

and JCPDS card no. 88-1175 for TiO2. X-ray diffraction 

analysis confirmed the synthesized materials to be ZrO2 

and TiO2 nanoparticles. All diffraction peaks coincided 

with those of monoclinic ZrO2 and TiO2 nanoparticles. 

The findings were consistent with previously published 

studies [18, 31]. The Debye-Scherrer formula shown in 

Equation 2 was used to determine the typical crystal sizes 

of the nanoparticles, which were 29 nm for ZrO2 and 27 

nm for TiO2. 

 

0.89

cos
D



 
=         (Equation 2) 

 

where β is the peak width, D is the size of the crystallite, 

θ is the Bragg angle associated with the peak, and λ is 

the wavelength of the X-ray radiation. 

 

 

 

 
 

Figure 5. XRD pattern of ZrO2 nanoparticles. 

 

 

 

 
 

Figure 6. XRD pattern of TiO2 nanoparticles. 
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FTIR Analysis 

 

FTIR (Fourier Transform infrared spectroscopy) was 

utilized to assess the samples [32]. The FTIR spectra of 

the ZrO2 and TiO2 nanoparticles are shown in Figure 7 

and Figure 8. As a result of OH stretching, the spectra of 

ZrO2 and TiO2 nanoparticles displayed strong peaks at 

3421.72 cm-1 and 3415.26 cm-1. The occurrence of 

separate peaks at 1629.85 cm -1 and 1625.99 cm -1 

suggested the presence of H2O molecules or the OH 

bend. ZrO2 showed a broad peak at 443.63 cm-1 and 

574.79 cm-1, equivalent to the Zr-O band and Zr-O-Zr. 

The Ti-O band and Ti-O-Ti were represented by the 

broad peaks of TiO2 at 414.70 cm-1 and 746.45 cm-1. 

 

 

 
 

Figure 7. FTIR spectrum of ZrO2 nanoparticles. 

 

 

 

 
 

Figure 8. FTIR spectrum of TiO2 nanoparticles. 
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Figure 9. Zeta potential distribution 
 

 

Zeta Potential 

 

The suspension stability of the hybrid nanofluid sample 

was examined based on room-temperature zeta potential 

findings. Zeta potential values above 50 mV imply good 

suspension stability [19]. The Zeta Potential distribution 

plot is shown in Figure 9. 

 

Measurement of Hybrid Nanofluids 

 

Thermal Conductivity (TC) Measurement 

 

In order to evaluate the TC of the ZrO2-TiO2 hybrid 

nanofluids, the KD2 Pro, a battery-powered, menu-

driven device with sensor needles and a portable 

microprocessor, was employed (Decagon Devices, Inc., 

USA). The KD2 sensor needle contains a heating 

element and thermistor. The sensor needle can measure 

the TC of fluids with ±5 % accuracy within the range of 

0.2-2 W/mK. A thermal needle probe instrument was 

used for initial calibration in the experimental  

procedure to ascertain the actual TC of the nanofluid. 

This calibration process was carried out using glycerine 

and water. To ensure temperature accuracy, a 45 ml 

nanofluid sample was sealed in a 30 mm diameter vial, 

and the test tube was connected. During this procedure, 

a probe was put vertically into the sealed vial's 

predri lled hole. When the sample reaches an  

equilibrium temperature in 5 to 10 minutes, it is crucial 

to check that the thermal probe is well immersed in the 

sample. At each specific fluid temperature, a minimum 

of five observations with 15-minute intervals were 

recorded. Glass wool insulation 25 mm thick was used 

to prevent heat escaping freely into the surroundings 

and to slow down heat loss throughout this operation. A 

broad range of temperatures (25–60 ⁰C) was used for 

the TC measurements. The experimental setup is shown 

in Figure 10. 

 

 
Figure 10. TC measurement of hybrid nanofluids. 
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Figure 11. VC measurement of hybrid nanofluids. 

 

 

Viscosity (VC) Measurement 

 

A Brookfield DV-E Viscometer was used to test the 

VC of several heat transfer fluids in this study. The 

Brookfield DV-E is a rotational digital viscometer 

with an LCD (Figure 11). This viscometer can 

continuously sense and display without user  

intervention. The torque needed to spin an immersed 

element in a fluid is measured using the viscometer. A 

motor drives the spindle through a calibrated spring. 

The computerized display shows the spring's 

deflection. The viscous drag, or flow resistance, is 

proportional to the spindle speed and is affected by 

spindle size and form. The drag rises as the rotating 

speed increases. The spindle speed is modified for a 

specific test fluid to evaluate the change in VC with 

rotational speed. Different spindles may be utilized to 

achieve different VC ranges. 

 

RESULTS AND DISCUSSION 

 

Thermal Conductivity (TC) Analysis of Hybrid 

Nanofluids 

 

TC is the most important parameter in the practical 

application of hybrid nanofluids. There are presently 

no theoretical formulations that can compute the TC 

of hybrid nanofluids with any certainty, even though 

numerous studies have reported theoretical and  

practical values for the TC of nanofluids. Many 

investigations have been undertaken to analyse the 

effective solid-state TC distributed in base solutions. 

In this study, TC was determined in hybrid nanofluids 

(ZrO2-TiO2) of 0.5, 1.0, and 1.5 % concentrations. The 

calculation of TC employs the Bruggeman model 

shown in Equation 3. It suggests that TC and  

nanoparticle concentration are inversely related [33]. 

 

(3 1) (2 3 )
4 4

basefluid nanoparticle basefluid

effective

basefluid

k k k

k
k  

 
= − + − +  

  
    (Equation 3) 

 

Where 

 

2 2 2(3 1) (2 3 ) 2(2 9 )
nanoparticle nanoparticle

basefluid basefluid

k k

k k
  

    
 = − + − + +       

     

 

 

  = Volume fraction and K = Thermal conductivity 
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Figure 12. Changes in TC with temperature. 

 

 

The TC of numerous nanofluids at varying 

concentrations were computed, as illustrated in Figure 

12. TC values increased dramatically as nanoparticle 

concentrations increased. At lower amounts, our  

results correspond pretty well with the standard 

models. However, as concentrations rose, the TC 

values increased considerably with temperature, from 

25 to 60 ⁰C. 

 

The Thermal Conductivity (TC) enhancement 

shown in Equation 4 was used to compute the 

improved TC values of the nanofluids [19]. 

 

TC enhancement (%) = 100
nanofluid basefluid

basefluid

K K

K

 −
 

  
      (Equation 4) 

 

where K = Thermal conductivity 

 

 
 

Figure 13. TC enhancement in nanofluids at various volume concentrations. 
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Figure 13 depicts the increase in TC of the hybrid 

nanofluids at various volume concentrations. Compared 

to ZrO2 and TiO2 nanofluids, the hybrid nanofluid (ZrO2-

TiO2) performed better, with increases in TC of 14.69 %, 

15.52 %, and 16.53 % at 0.5 vol%, 1.0 vol%, and 1.5 

vol% concentrations of nanofluids, respectively. 

 

Viscosity (VC) Analysis of Hybrid Nanofluids 

 

The TC of nanofluids has been shown to increase in 

several earlier investigations. VC is a crucial factor to 

take into account when using nanofluids in practical heat 

management applications. The VC of nanofluids 

considerably influences pumping effectiveness,  

convection pressure drop, and heat transfer within 

the laminar flow. For volume fractions under 4 %, 

Brinkman's constructed model proved more practical and 

acceptable. Equation 5 demonstrates the empirical 

formula for Brinkman's model [34]. Figure 14 shows the 

viscosity of the nanofluids at different temperature 

ranges. The graph shows the relationship between 

particle concentration and nanofluid VC. 

 

2.5(1 )

basefluid

nanofluid





=

−
  (Equation 5) 

 

where    = Viscosity and   = Volume fraction 

 
Validation and Comparison of Results 

 

Numerous experimental studies have proven that 

improving the volume concentration of the nanoparticles 

improves its TC. Nevertheless, the maximum or extent to 

which hybrid nanofluids conform to this tendency has not 

been determined. The results of this investigation showed 

that 1.5% of hybrid nanofluids obtained higher TC values 

compared to earlier studies [20,21]. 

 

CONCLUSION 

 

This study used a two-step approach to create ZrO2-TiO2 

hybrid nanofluids. The materials produced were  

monoclinic ZrO2 and TiO2, as confirmed by XRD 

analyses. The SEM photos demonstrated that the 

particles were nanometer-sized and unusually shaped. 

EDX revealed the ZrO2 and TiO2 nanoparticles' 

elemental composition. FTIR spectra confirmed the ZrO2 

and TiO2 functional groups. The TC of ZrO2-TiO2 hybrid 

nanofluids was examined at volume fractions of 0.5 %, 

1.0 %, and 1.5 %. The TC vs. temperature graph  

demonstrated that TC rose with increasing volume 

concentrations of 0.5 %, 1.0 %, and 1.5 %. The TC of the 

hybrid nanofluid (ZrO2-TiO2) increased by 1.5 % to 

16.53 %. The VC of the ZrO2-TiO2 hybrid nanofluid at 

various particle concentrations was measured with a 

Brookfield DV-E viscometer.  
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Figure 14. Variation in VC with temperature.
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