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Abstract- Nanoparticles are expected to have a surface to
volume ratio given as large surface to volume ratio
proportional to the inverse of particle size of nanomaterials
changes the role played by the surface atoms in determining
their thermodynamic properties. Tremendous increase in the
surface energy leads to diffusion at relatively low temperature
reduced coordination number of the surface atoms. Physical
properties such as electrical conductivity, magnetic property,
melting point, thermal conductivity, reflectivity, etc., can be
affected. Thermodynamics tells us that any material or system
is stable only when it is in its lowest Gibbs free energy state.
Therefore, there is a strong tendency for a solid or liquid to
minimize the total surface energy when the size is reduced.
The surface energy can be reduced through surface
relaxation, wherein the surface atoms or ions can shift inward.
It occurs through combining surface dangling bonds into
strained new chemical bonds. This leads to a large surface to
volume ratio, which can influence their reactivity, hardness,
electrical, magnetic, catalytic, and optoelectronic properties
[1-4].

o-A 1,03 is one of the most widely used oxide ceramic
material. a-A 1,03 nanoparticles were synthesized via sol-gel
method. Aluminum isopropoxide Al (OCsHy)s, and aluminum
nitrate nanohydrate Al (NOs)s 9 H,O were used for preparing
alumina solution. Sodium dodecylbenzene sulfonate (SDBS)
was used as the surfactant stabilizing agent. The prepared
sample was characterized by X- ray diffraction (XRD) [5-7].
Average particle size has been estimated by using Debye-
Scherrer formula. It was found to be 20-30 nm. Nanofluids of
a-A 1,03 nanoparticles were prepared by two step method in
methanol base fluid and did their thermodynamic study like
thermal conductivity, Gibbs free energy, etc related to the
surface of nanoparticles and nanoparticle surfactant
interactions.
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Highlights
e The thermal conductivity and Gibbs free energy of
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nanofluids are highly dependent on specific surface
area to volume ratio of the nanoparticles in
nanofluids.

e 0a-A 1,03 nanoparticles were synthesized via sol-gel
method.

I. INTRODUCTION

a-Al;Os3 is one of the most widely used oxide ceramic
material. It is used in a variety of plastics, rubber, ceramics,
and refractory products. As the a-phase ultrafine Al,O3 is a
high performance material of far infrared emission, it is used
in fiber fabric products and high pressure sodium lamp as far-
infrared emission and thermal insulation materials. In addition,
a-phase nano-Al;Osz with high resistivity and good insulation
property, it is widely used as the main components for YGA
laser crystal and integrated circuit substrates. Recently,
advances in manufacturing technology have permitted the
production of particles in the 10 nm to 100 nm range.

In the present investigation the synthesis of a-Al,O3
nanoparticles by sol-gel method is discussed. Ultrasonic
velocity measurement helps in finding Gibb’s free energy and
thermal conductivity these are related to the surface of
nanoparticle and nanoparticles surfactant interactions. a-Al>O3
nanoparticles with surface areas 30 nm have been prepared,
their thermal conductivities and characterization have been
investigated.

Il. EXPERIMENTAL
Preparation of Samples:

Nanoparticles of alpha alumina (a-AlO3) was
prepared by sol-gel method *-°! from Aluminum isopropoxide
[Al (OCsHy)s] and aluminum nitrate. Starting solution was
prepared by adding aluminum isopropoxide [Al (OCsH7)s]
gradually in aluminum nitrate and solution continuously
stirred for 48 hours. Later, Sodium dodecylbenzen sulfonate
(SDBS) were added and stirred for one hour. The obtained
solution were heated up to 60°C and stirred constantly for
evaporation process. Now the paste so obtained was heated at
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90°C for 8 hours, we get nanoparticles of alpha alumina (a-
Al>O3) in powder form [8-16].

The prepared sample was characterized for their
phase purity and crystallinity by X-ray powder diffraction
(XRD), FTIR and SEM. Formation of the compound
confirmed by XRD pattern matched with the standard data
available in JCPDS file. Average particle size of a-Al;O3
nanoparticles has been estimated by using Debye-Scherrer
formula.
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Where "\' is the wavelength of X-ray (0.15460 nm),
'W' is FWHM (full width at half maximum), '0' is the
diffraction angle and 'D' is particle diameter (size). The
estimate size of a-Al:03; nano particles is found to be about
20-30 nm. Nanofluids of a-A 1,03 nanoparticles were prepared
by two step method in methanol base fluid.

I11. RESULT AND DISCUSSION
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Fig.1 XRD pattern of a-Al,O3 nanoparticles

Fig.1 shows the XRD pattern of o-Al:O3
nanoparticles. The XRD measurement carried out by using
"PAN analytical" X-ray diffractometer keeping the parameter
constant at  Start Position [°2Th.]: 10.0154 End Position
[°2Th.]: 89.9834, Step Size [°2Th.]: 0.0170, Scan Step Time
[s]: 5.7150, Scan Type: Continuous, Measurement
Temperature [°C]: 25.00 Anode Material: Cu, K-Alphal [A]:
1.54060. It is seen that the materials is well crystalline in
nature and well agreed with standard JCPDS file no. 71-1127.
Ultrasonic velocity gets increases with increasing the molar
concentration of the a-Al,O3 nanoparticles in methanol this
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shows that the physical parameters of the sample changes by
increasing the molar concentration. For a-Al,O3; nanoparticle
the ultrasonic velocity of the nanofluids is higher than
methanol and also by increasing the molar concentration of the
ultrasonic velocity of a-Al,Oz nanoparticles gets optimum at
0.2 and then decreases it is represented in the figure 2. Small
dip at 0.8 indicates the weaking of interactions between o-
Al,0O3; nanoparticles and nanofluids. The cause behind this
decrease of ultrasonic velocity may due to weak interaction
between nanosize particle and micro sized fluid molecule.
Ultrasonic velocity can be interpreted as the nanosize a-Al2O3
particles have more surface area to volume ratio and which
can absorb more methanol molecules on its surface, which
enhances the ultrasonic velocity at 0.2. The decrease of
ultrasonic velocity with increase in concentration is due
weakening of interaction between nano sized a-Al,O3 particles
and micro sized fluid molecules of methanol. Non linear
variation of ultrasonic velocity may due to the Brownian
motion of nanoparticles. Aggegation of nanoparticles in
nanofluids may occurs due to the interstitial accommodation
or due to lack of perfect symmetry and decrease in available
space between the constituents of the nanofluids [17].

Methanol + a-Alumina

1600
1550 l

—_

i

=

(=]
L

1450
1400

1350

——293Kk ——298K

Ultrasonic velocity

1300 - 303K ——308K
150 | 313K
1200 T T T
01 02 0.3 04 05 06 07 08 09
Molar concentration

Fig.2 Ultrasonic velocity of a-Al,Oz nanoparticles in methanol
base fluids

Fig.3 shows the variation of Gibbs free energy with
molar concentration of a-Al,O3 nanoparticles in methanol base
fluid. Gibbs free energy of a-Al.O3 nano suspension increases
with increase in molar concentration of a-Al,O3 nanoparticles
in methanol. This indicates the stability of a-AlO3
nanoparticles in methanol base fluid. Stability decreases with
increase in molar concentration.
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Fig. 3 Gibbs free energy of a-Al,O3z nanoparticles in methanol
base nanofluid

Fig.4 shows the variation of thermal conductivity
with molar concentration of a-Al>O3 nanoparticles in methanol
base nanofluids. The results clearly show that the effective
thermal conductivity of a-Al,Os increases with temperature. It
has substantially higher value at molar concentration 0.1 of a-
Al>O3 in methanol base nanofluids. The thermal conductivity
enhancements are highly dependent on specific surface area of
nanoparticle, with an optimal surface area for the highest
thermal conductivity. The results of Kumar et al. and Koo and
Kleinstreuer show the strong relationship between Brownian
motion and temperature of nanoparticles. Furthermore, the
effect of temperature on thermal conductivity is not very well
understood and documented.
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Fig. 4 Thermal conductivity of a-Al.O3 nanoparticles in
methanol base nanofluid

IVV. CONCLUSION
1. The structural, optical and thermal properties of the a-
Al>,O3 nanoparticles and methanol base nanofluids are

characterized by XRD, ultrasonic velocity, Gibbs free
energy and thermal conductivity.
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2. The sound velocity increases with increase in the
concentration of a-Al:Oz nanoparticles due to
aggregation of a-Al>Oz nanoparticles in methanol based
nanofluids.

3. Ultrasonic velocity decreases with increase in
temperature due to Brownian motion of a-AlO3
nanoparticles in methanol based nanofluids and thermal
agitation.
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