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Growing interest in the field of thermal energy conversion into useful electrical energy is
the field of interest towards energy harvesting. Titania nanofluid prepared by low cost
precursors using hydrothermal method. The physico chemical characterization of as
prepared titania nanoparticle were characterized by XRD, Raman and UV-Visible
spectrometric methods. The particle size measurement was determined via Zeta potential
study. We have studied the miscibility and viscosity and sedimentation property of as
prepared titanium dioxide nanofluid particles by low cost method in various mixed solvent
medium. Nanofluids property with different concentration of TiO, nanoparticles (0.01%,
0.02%, 0.04%, 0.05%, 0.1%, 0.2%, 0.5%) have been prepared by adding different
concentrations and studied their physico-chemical properties. The as prepared TiO,
nanoparticles in the form fluid solution have shown very clear settled solution after the

addition of suitable solvent medium and preparation method.
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1. Introduction

Nanofluids have recently emerged with new potential applications in heat exchangers or
cooling devices being widely used in engineering applications as electronics cooling, vehicle
engines, nuclear reactors, energy efficiency enhancers, food industry, air conditioning,
refrigeration and biomedicine [1-6]. It has been shown that usage of nanofluids in radiators,
pumps or compressors in cars the aerodynamic charge could be reduced, producing fuel savings

up to 6%. A wide variety of industrial processes involve the transfer of heat energy[7,8]. The
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enhancement of heating and cooling in an industrial process may create a saving in energy, reduce
process time, raise thermal rating and lengthen the working life of the equipment. The
development of high-performance thermal systems for heat transfer has become popular
nowadays.

There are several methods to improve the heat transfer efficiency. Some methods are
utilization of extended surfaces, application of vibration to the heat transfer surfaces, and usage of
micro channels. Heat transfer efficiency can also be improved by increasing the thermal
conductivity of the working fluid. Conventionally used heat transfer fluids such as water, ethylene
glycol, and engine oil have relatively low thermal conductivities, when compared to the thermal
conductivity of solids[9-11].

It was expected that heat transfer could be enhanced by dispersing micron-sized particles.
But the fluid with micron- sized particles caused problems due to sedimentation and clogging.
Most of all, the fluid with micron-sized particles was found to be not efficient enough. Then
emerged the so called nanofluids. The mixture of nanoparticles suspended in a base fluid is
usually referred to as a nanofluid. Nature is full of nanofluids, like blood, a complex biological
nanofluid where different nanoparticles at molecular level accomplish different function. Addition
of nanoparticles in liquid remarkably enhances energy transport process of the base fluid.
Nanofluids have some unique features that are quite different from conventional two phase flow
mixtures in which um or mm particles are suspended. [12,13]

Thermal management is an application of particle dispersions wherein considerable
choice exists with the material selection. Several metals, metal oxides, carbon allotropes etc. may
be used for this purpose. The essential requirements of a material to be used for preparation of
sub-micron dispersions for thermal management include: (i) Compare to liquid samples, high
thermal conductivity of particles is required (ii) Low cost and Ease of availability of material
along with nontoxicity (iii) Ease of sustenance of colloidal stability. Hence it is important to have
considerations of both viscosity and thermal conductivity along with colloidal stability during the
development of nanofluids. In the present work, submicron dispersions of TiO, in ethylene
glycol-water mixture, polyethylene glycol-water mixture have been prepared by magnetic stirring
of nano-sized TiO, particles followed by ultra-sonication. Addition of surfactant in the above
Titania Nano fluids have also been studied. Hence, the appropriate experiments were conducted to
prepare the pure anatase phase of TiO, nanoparticle in fluids for most stable, least toxic, most

inexpensive and durable property.
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2. Experimental

2.1 Synthesis of titania nanoparticles

Nanosized TiO, is prepared using hydrothermal method. The materials used are Titanium
(IV) butoxide [Ti(OC4H9)4], (TBO), Sigma Aldrich], Ammonia solution. The solvents used are
ethylene glycol, polyethylene glycol, double distilled water for all experiments.

2.2. Preparation of TIO,: hydrothermal method

In this method 4 ml Titanium (IV) butoxide was taken in a beaker and about 30 ml
diethanolamine was added to it with constant stirring. This solution with white colloidal
precipitate was transferred into a Teflon lined autoclave and placed in an oven at 363 K for 24 h.
The material obtained was centrifuged at 12,000 rpm, air dried in hot air oven (333 K) for 12 h, to
obtain white crystalline powder of TiO,. Powder was calcined at 773 K for 4 h for the formation

of fine particles.

2.3. Preparation of TIO, based nanofluids

Two step methods were adopted for the preparation of TiO, nanofluids. The nanosized
TiO, powder was weighed and dispersed into a fluid (Demineralized water, Ethylene glycol,
Polyethylene glycol) in the second processing step with the help of intensive magnetic agitation
and ultrasonic irradiation followed by aging treatment.

The fluid systems studied are Nanofluids with different ratio of Demineralized water,
Ethylene glycol, and Polyethylene glycol (98:2,97:3,95:5,90:10,80:20,70:30,60:40,50:50) (PEG of
600, 2000, 4000). (1) Nanofluids with different concentration of TiO, (0.01%, 0.02%, 0.04%,
0.05%, 0.1%, 0.2%, 0.5%). (2) Nanofluids with TiO, prepared by different methods.(with NaOH,
PEG-Urea, CTAB, Strontium titanate). Nanofluids with commercially available TiO,.(Sigma
Aldrich TiO,). Nanofluids with varied pH (pH-2 and 4). Nanofluids added with
surfactant.(CTAB).

2.4. Material characterization

The various physico-chemical methods used for the characterization of prepared TiO, are
powder X-ray diffraction, UV-Visible spectroscopy and Raman spectroscopy. For the evaluation
of the properties and stability of TiO, based nanofluids here employed visual observation of
sedimentation of nanofluids, rheology studies of nanofluids using Rheometer and Zeta potential
analysis. Powder X-ray diffraction pattern of the prepared materials were acquired using an
AXS Bruker D5005 X-ray diffractometer (Germany) with a vertical goniometer. X-ray generator
was operated at 40 kV and 30 ma, (Cu K 0L=1.54/3\) radiation with Ni filter. The crystalline phase
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was identified by comparison with the standard JCPDS data file. Raman spectra of the sample
were taken using thermo DSR Raman microscope.

2.5. Stability evaluation of nanofluids

2.5.1. Sedimentation study

Many methods have been developed to evaluate the stability of nano fluids. The simplest
method is sedimentation method. The nano fluids are considered to be stable when the
concentration or particle size of supernatant particles keeps constant. Ideal Nano fluids have high
stability and poor suspensions, which changes the thermal and absorption properties of nanofluids
drastically. Sedimentation is evaluated by gravitational sedimentation method. All Nano fluids
were subjected to magnetic stirring for 2 h and ultrasonication for 1-2 h. This was kept in a

measuring cylinder and observed the rate of sedimentation. Visual observation was also noted.

2.5.2. Rheology studies

Nanofluids are expected to be used under flow conditions and the flow of suspension is
sometimes drastically different from that of most common heat transfer fluids that have
Newtonian characteristics, it is essential to have the rheological properties of nanofluid to use in
practical life. The study on the rheological properties of nanofluid may reveal the route to
understand the mechanism of heat transfer enhancement and hence the design of nanoparticles for
maximum heat transfer enhancement . Rheology of the TiO, nanoparticle dispersions of different
base fluids has been investigated in terms of shear flow curve. Non-linear viscoelastic elastic
measurements were done to get the flow curves for shear viscosity of nanofluids. A graph is
plotted with shear rate on x-axis and viscosity on y-axis to evaluate the properties of nanofluids.

Brookfield programmable DV-III + Rheometer was used to evaluate rheology of nanofluids.

2.5.3. Zeta potential analysis

Zeta potential is electric potential in the interfacial double layer at the location of the
slipping plane versus a point in the bulk fluid away from the interface, and it shows the potential
difference between the dispersion medium and the stationary layer of fluid attached to the
dispersed particle. The significance of zeta potential is that its value can be related to the stability
of colloidal dispersions. So, colloids with high zeta potential (negative or positive) are electrically
stabilized, while colloids with low zeta potentials tend to coagulate or flocculate. In general, a
value of 25 mV (positive or negative) can be taken as the arbitrary value that separates
low-charged surfaces from highly charged surfaces. The colloids with zeta potential from 40 to 60
mV are believed to be good stable, and those with more than 60 mV have excellent stability. Zeta
potential analysis is an important technique to evaluate the stability. Malvern Zeta sizer is used to

analyses zeta potential.
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3. Results and discussion

3.1. Powder X-ray diffraction

Power XRD pattern obtained for TiO, prepared by hydrothermal method after calcination
at 773 K for 3 h is shown in Fig 3.1. Power XRD pattern obtained for TiO, prepared by
hydrothermal method after calcination at 773 K for 3 h is shown in Fig. 1.
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Fig. 1. (a) Powder XRD pattern of TiO, Nanoparticles with major anatase phase (b) Raman spectrum of
hydrothermal method prepared nanoparticle of TiO,.

The XRD pattern possess well resolved features of anatase phase with planes (101), (004),
(200), (105), (211) and (204). Absence of any other peak suggests that the TiO, prepared through
hydrothermal method consists of purely crystalline anatase phase. Figure 2 shows the
UV-Visible spectra withabsorbance in the region of 250-400 nm. This absorption is corresponding
to the presence of TiO, in the nanofluid form. Thus, it confirms the presence of uniformly
distributed TiO, particles in the nanofluid. In the DR UV-Vis spectrum a broad strong absorption
peak seen at 310 nm which is due to the reduced bandgap value of 3.0 eV by band gap calculation.
This peak occurred as a result of Charge — Transfer from the valence band which basically
comprises of 2p orbitals of O jons to the conduction band which is basically made of 3d the
orbitals of Ti*" cations [14,15]. To find out the bandgap value of as prepared titania

nanoparticles, tauc plot was utilized in the present study.
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Fig. 2. (a) UV-Vis absorption spectra of titania nanoparticle at various dispersing medium (b) Band gap

values of titania nanoparticle at various solvent condition.

3.3. Sedimentation study

Nanofluid with 0.02% TiO, concentration was found to be stable for more than four
weeks (Fig.3). The selected ratio of demineralized water and ethylene glycol was 50:50 which is
observed to be good in stability. Highly stable and homogeneous TiO, nanofluids were obtained

with selected concentration of TiO, and solvent system.

Fig. 3. Nanofluids with 0.02% TiO, and different ratio of dH,0 and EG/PEG.

Table 1. Nanofluids with 0.02% TiO, and different ratio of dH,0 and EG/PEG.

H,0 :EG/PEG | Observation

98:2 Light white color after 9 weeks,almost settled
97:3 Light white color after 9 weeks,almost settled
95;5 Completely settled within 2 days

90:10 Completely settled after 1 week

80:20 Completely settled in 1 week

70:30 Light white color after 6 weeks, half settled
60:40 Light white color after 5 weeks, almost settled
50:50 Light white color after 5 weeks, almost settled
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Table 1 shows the effect of mixed solvent such as ethylene glycol and poly ethylene
glycol addition in as prepared titania nanoparticle dispersed fluid solution. Increasing the
addition of PEG, increasing the settling time of nanoparticle of Titania up to certain optimized
volume of PEG addition into EG. Equal percentage addition of PEG and EG in distilled water
with titania nanoparticle results in increasing the viscosity and taking more time to settle down the
nanoparticle and formation of light white color clear solution.

Table 2 shows the effect of titania nanoparticle concentration addition with respect to
different grades of poly ethylene glycol. From 0.1% to 0.02% of nanoparticle addition gives good
results. (Figure 3). In the case of ethylene glycol and water mixture results in increasing the rate

of settling down the particles (Table 3).

Table 2. Nanofluids with Poly ethylene glycol.

PEG Conc. TiO2 d.H,O:PEG | Observation

(wt.%)
PEG 200 0.1% 98:2 Completely settled within 1 day
PEG 600 0.02% 98:2 Completely settled within 1 day
PEG 4000 | 0.02% 90:10 Completely settled within | day

Table 3. Nanofluid TiO, and d.H,O or EG.

Conc. Of TiO2 | System Observation

0.02% d.H,O+ CTAB | Almost settled ,very light white in color after
5 weeks

0.02% d.H20 Completely settled within 1 week

0.02% EG Completely settled within 1 week

Table 4 and Fig. 4 shows the effect of pH condition on formation of clear light white
Nano fluid formation. In both low pH and alkaline condition favors the formation of light white

color of Nano fluid with as prepared Titania nanoparticles.

Table 4. Nanofluids with the effect of different pH.

Conc. of TiO, d.H20:EG pH Observation
nanoparticle solution
0.02% 98:2 2 Very light white in color, almost
settled after 5 weeks
0.02% 98:2 12 Very light white in color, almost
settled after 5 weeks
0.02% 50:50 2 Very light white in color, almost
settled after 5 weeks
0.02% 50:50 12 Very light white in color, almost
settled after 5 weeks
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Finally, we have compared the time consumption rate for the formation of completely
settled titania based Nano fluid with commercially available Titania (P25 Degussa) sample. The
as prepared Titania nanoparticle shows faster Nano fluid formation after the addition of poly

ethylene glycol (Fig. 4).

Fig. 4. (a) The comparative nanofluid formation with the addition of PEG and last image shows unclear

nanofluid formation without the addition of PEG in commercial TiO, nanoparticle.

Table 5. Nanofluids with commercial TiO, (sigma Aldrich).

Concentration of TiO, Observation

(wt.%)

0.01 Completely settled within 2 days

0.02 Completely settled within 2 days

0.04 Completely settled within 2 days

0.05 Completely settled within 2 days
3.4. Rheology studies

Rheological behavior of various TiO, nanofluids was studied using a Rheometer.
Graphical representation of viscosity versus shear rate for various nanofluid systems are shown in
the following figures. The rheology behavior for 0.02 wt % TiO, nanofluid with various ratio of
dH,O:EG are shown in Fig 5 (a-b).
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Fig. 5. (a-d) Rheology behavior for 0.02 wt % TiO2 nanofluid with various ratio of dH2O:EG.

The shear viscosity curve reveals that all dispersions are non-Newtonian with a
shear-thinning viscosity. In a non-Newtonian fluid, the relation between shear viscosity and the
shear rate is non-linear. Use of Ethylene glycol mixed with dH,O (ratio 50:50) as the base fluid
instead of only dH,O seems to amplify the impact of the particle addition on the rheology of the
dispersion and eventually leads to non-Newtonian behavior at lower particle loadings (0.02% TiO,)
[16]. Therefore, range of shear stress, stability and aggregation of particles should also be
considered among the important factors affecting the rheology of the dispersion.

Due to the typical particle sizes involved, van der Waals forces between the particles give
rise to the formation of aggregates. It is the shear induced breakup of these aggregates that give
rise to the shear thinning behavior of the dispersions. No appreciable changes in the shear
viscosity versus shear rate behavior were detected over the course of two weeks of dispersion for

the studied systems.

3.5. Zeta potential analysis
There is a good correlation between the stability and the zeta potential have obtained. The

higher the value of the zeta potential is, the greater the stability of the solution. The zeta potential
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analysis of the prepared TiO, nanofluids was carried out and the results are presented in Fig 6
(a-b)

Zeta Ptertial Distribution

Cemnte

Tomi €
Tomi Counts

Fig. 6. Zeta potential measurement of titania nanoparticle before and after dispersed with dH2O:
PEG system.

The zeta potential of TiO, nanofluid obtained was +40.8mV and this high value indicate
the good stability obtained for the prepared Titania nanofluid after the dispersion process. Hence,
the optimized addition of PEG with synthesized titania nanoparticle shows the effective nanofuid
formation for thermal energy conversion application. The catalytic activity of as prepared TiO,
nanoparticle is filtered from fluid solution and tested for visible light photocatalytic activity and
the Fig 7 shows the effective degradation activity for our route prepared nanoparticle under visible
light conditions [17,18].
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Fig. 7. Catalytic property of TiO2 nanoparticle recovered from (a) water solvent (b) EG solvent.



293

4. Conclusion

The XRD pattern of TiO, confirms the characteristic peaks for anatase TiO, nanoparticle
formation and the reported JCPDS data matched very well with synthesized materials. The
crystallite size of the TiO, material is in the range of 20-30 nm. Raman spectrum confirms the
formation of anatase TiO, prepared through hydrothermal method. Effects of conditions such as
concentration of nanomaterial, preparation method and concentration of surfactant have studied
etc. to attain a best stable TiO, nanofluid system. The higher Zeta potential values have obtained
for titania nanofluid system. Thermal characteristics of the nanofluid system have to be studied to
make use of practical application of as prepared nanofluids as coolants for catalytic, electronics

and automobiles application.
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