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Nanocomposite has found application in the modern field of
technology based on its specific properties. A nanocomposite of
alumina and zirconia (Al203-Zr0O2) was synthesized using a simple
Sol-Gel technique and sintered at different temperatures from 500
°C to 1100 C with an interval of 200 °C. A thin film was deposited
on a 1 mm thick aluminum sheet. The structural simulation of the
deposited thin film was analyzed using ANSYS. Particle size and
phase are verified by XRD. DSC-TGA (SDT) analysis was used to
determine the 1100 °C of Al203/ZrO2 nanocomposite for thin film
by dipping method. SEM Material morphology of the synthesized
material performed by the SEM method in particle size 90-100nm.
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Introduction:

Heat transportation through an insulating coating is the demanding aspect in the modern
technologies. Heat resistive thinnest thin film or coating is the demand of the industry and
scientific instruments. For this purposed different techniques has used such as the insulating
spaces, air gabs, sinking metallic setups and fans are used. Weight and thinness has a important
aspect of such a issues. Many materials have used forth this purpose but the increasing demand
of the ceramics materials of such types of application with significant properties. The Ceramic
properties attaining material Zirconium-toughened alumina (ZTA) have main properties of the
insulating behaviors. The high hard, polished and smooth surface is also its suitability for coating
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of the materials as the external coating. The resistance against its wear and tear enhances its
application in this regards[1].

The synthesized nanocomposite materials AZO have high thermals expansion such as the
Al203, having approximate same thermal coefficient of the similar values. The other significant
property has its effect for its industrial used such as the thermal insulating with low values of the
thermal conductivity in the range of 2-3w/mK. High reducibility of the cracks propagation with
values of the 6 to 8 MP (atmosphere) was the important aspect as coating. High strength with ha
suitable cohesive ability makes its used effective as the thin coating. [2, 3] Different
methodology has used for the synthesis of the materials, such as the hydrothermal [2], wet
chemical [3] and chemical bath method [4]. The adopted technique was the Sol-Gel
techniquesl[4].

In this work synthesized stale thermal AZT material has used as a thin film over the
aluminum sheet of the thickness 0.5mm with coating of 0.1mm. The dip coating technique has
used for deposition of colloidal sticking solution of AZO[5]. Standard digital thermometer with
measuring and standard setup has used as shown in the figure. All the setup thin film coated
sheet two thermometers fitted in such a way one had in front of the heater and other on the
opposite sides of the specimen. A digital heater with controlled flow rate has used for heating
purpose from 0-1000°C with a constant flow rates 1 °C/mim. The solution 20% molar
composition content and 40% molar composition ZrO, content, affecting the powder size and
thus its size-dependent properties as well as agglomeration and surface area. In this work,
composite nano-powders Al,O3—20 wt were synthesized by the sol-gel method. % ZrO> (2 mol%
YCI,)[6]. A comparison of the thermometer reading gives a idea about the heat resistive behavior
of the coated material.

Experimental procedure and methodology

This experimental procedure consist of three steps, first one is Synthesis ma ZTA
nanocomposite [7, 8], second deposition of thin film[9] and third one Heat transportation
Analysis.

In the first step, the nanocomposite material has synthesized same [10, 11] as the
reference as describes in the schematic shown below in the Fig. 1.
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Fig. 1 Experimental setup of material synthesis



In the second step, after the selection of the sample 1100°C, dip coating technique has used for
thin deposition on the high graded Alluminium substrate of 1mm. Dip coating technique and
procedure has adopted by the reference paper. The colloidal solution of the synthesis material
has formed in di-methyle alcohol and dudican oil added for sticking behavior [12, 13].

In third step, we used a crucible material tube in which we arrange the experimental setup consist
of two digital thermometer one thermometer act as the reference(A) and the second act as the
observed thermometer(B). A heater is used from one side which gives the heat [14].On the other
side thermometer note the temperature, the difference between reading the temperatures gives
the heat transportation effect from the coated thin film and without coating. By the comparison
of the data we observed the behavior of the coated thin film over the substrate [15, 16]. The
detail of the thermal behavior analysis explained in Fig.2
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Fig. 2 Heat transportation study setup though coated Alluminium sheet

Results and Discussion
3.1 XRD analysis:

The Fig. 3 gives the structural approaching aspect and analysis of the synthesized materials. The
peaks behaviors and the crystallographic constants and indexes also have very close agreement
with the reference pattern no, "Aluminum Zirconium oxide-00-054-00294". This graph peaks,
broadening and sequences identify the structure and grains size of the synthesized material [17,
18]. The highest temperature synthesis materials have highest clear peaks with same khl values.
The graph shows the clear verification of the crystallographic behavior with nanocomposite
composition and peaks position[19]. The intensity of these phases increases up to 1100°C.
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Fig. 3 Morphological aspect and analysis graph of XRD
1.2 Thermal Analysis

Fig. 4 shows TGA/DSC analysis of the thin film used as coating over the sheet of the aluminum
and heat transportation analysis. The analysis has focused here to check and idea about the
residual amount and reduction of the organic content at different temperatures. The graphic
analysis shows that the synthesized material has no phase change over the 600°C up to the
1000°C. This analysis help to select the sample sintered at the 1100°C for the use of the coating
as the heat resistive layers with an efficient and effective hear resistive behaviors.
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Fig. 4 TGA/DSC Analysis of the thin film used as coating and heat transportation analysis

Fig. 5 graph shows the thermo gravimetric analysis of the two samples sintered at the 1100°C
and other was the unsintered material. The change in the area under the curves and removal of
the hump of the curves gives a clears idea about it. It’s a three parametric graph of the heat flow,
weight loss and the temperatures changes [20, 21].
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Figure 5 TGA analysis of the coating material

Fig.6 shows the graph between the transportation of the heat and the temperature changes when
the experimentation of the heat transportation performed with and without the coating. This
shows that a significant heat flow reduction after the coating of the synthesized materials. An
effective decrease of the heat transportation was found to be 60%.
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Fig. 6 Coating and without coating temperature increase effect with respect to time

3.2 Optical and Morphological analysis



Fig. 7 shows homogeneous fabrication of the AZO material for the heat resistive
ceramics coating. The nanocomposite texture has observed and the particle size was in the range
of the 50-100nm. The agglomeration natures observed that an indication of the composite of the
two oxides’ materials with great ceramics properties. Fig.8 shows that the optical bandage of the
material was the 4.1eV [22, 23].

Fig.7 SEM image soft synthesized of heat resistive coating material
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Fig.8 optical band gap analysis of the material

1.2 Structral similation and Heat flow analysy usin ANSYSIS:

The thermal diffusivity of water is much lower on aluminum; heat propagation in water is
therefore slower from aluminum. Conduction in stagnant water is simulated for up to 1000 sec.
The temperature contours and temperature profiles on line in different time cases are shown in
Figures .The stractural and Heat flow simulation was performed by ANSYS software as shown



in the figure . In mechanics, equivalent stress is a type of stress that is equal to the same
magnitude of elastic stress[24]. The equivalent tensile stress can be calculated from the results of
basic uni-axial tensile tests and used to predict the yielding of materials under loading. Heat
distribution and heat flow are two tests that make up the heat transfer characteristics study
procedure through ANSYS.

Fig. 9 Simulation analysis of the heat flow through the coated thin film over a Alluminium
sheet.(A) Structural side view, (B) simulation of side, (C) Structural front view, (D) simulation
of side with a controvert vector diagram.

Equivalent Heat flow for ZAT thin film growth aluminum was 0-1000°C. The simulation of the
thin film distributes the heat flow into different bands and ranges. With maximum band of red
color in range 888 to 1000°C other distribution as shown in the figure above.

Conclusion

Heat resistive coating of the synthesis material was analysis with digital thermometer relative
measurement method. This analysis gives the heat resistive ability increase up to 50-60%
analysis by the special design crucible heating setup. The coating material morphology found
nano-range of 50-100nm with an optical band gape 4.1eV. Simulation result has very close
agreement with the experiment bench marks values.
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