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ABSTRACT

Introduction: Numerous studies have been conducted on the development of modern insulators,
including nano-insulators. However, a comprehensive study has yet to be performed to review and
investigate the thermal properties of these insulators. Consequently, this study aimed to examine the
effect of nanomaterials on thermal insulation function.

Material and Methods: In this review, articles were searched for in English databases (PubMed, Web of
Science, and ScienceDirect), Persian databases (Magiran, SID), and Google Scholar. The keywords used
in the search were Nano Material, Nano Insulation, Thermal Insulation, Thermal Insulator Stability, and
Thermal Conductivity in both English and Persian.

Results: Of the 4068 studies identified through search databases, 15 were selected according to the entry
criteria. Among the studies, the three types of silicone, composite, and aerogel insulation had the highest
frequency (each 26.67%), and SiO2 nanoparticles were the most prevalent nanomaterial (26.67%).
According to the studies, the type of nanomaterial used in insulation will improve its properties such
as thermal resistance, mechanical strength, dielectric strength, tensile strength, elasticity, and hardness.

Conclusion: The results of this study showed that using nanotechnology could be an effective step in
improving the properties of insulation materials, the most important of which is increased thermal
resistance. Moreover, nanotechnology insulators can prevent thermal energy loss, reduce costs, and
provide safety and comfort.
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1. INTRODUCTION

Thermal energy is one of the most important has yet to be conducted. Therefore, this study

forms of energy and its loss should be prevented. The
function of insulation is to regulate heat transfer. To
this end, numerous studies have been conducted on
thermal insulation and nanomaterials. However,
comprehensive research on the effect of various
nanomaterials on thermal insulation performance
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aims to integrate previous research results and
investigate the impact of nanomaterials on thermal
insulation performance.

2. MATERIALS AND METHODS

In this review, articles were searched for in
English databases (PubMed, Web of Science,
and ScienceDirect), Persian databases (Magiran,
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SID), and Google Scholar. The keywords used in
the search were Nano Material, Nano Insulation,
Thermal Insulation, Thermal Insulator Stability,
and Thermal Conductivity in both English and
Persian.

3. RESULTS AND DISCUSSION

The studies retrieved were published between
2010 and 2022. Research was conducted on
insulations made from silicone rubber, aerogel,
polystyrene, polyvinylidene fluoride, porcelain,
concrete, or a composite of various compounds.
Among the nanostructures whose effects on thermal
insulation performance were investigated were
nanoparticles, nanotubes, and nanofibers. These
nanomaterials were boron nitride, calcium silicate,
silicon dioxide, zeolite, polytetrafluoroethylene,
titanium dioxide nanoparticles, cellulose, alumina,
alumina trihydrate, zinc oxide, and aramid. Among
the input studies, the three types of silicone,
composite, and aerogel insulation had the highest
frequency (each 26.67%), and SiO, nanoparticles

330

were the most prevalent nanomaterial (26.67%).
According to studies, the type of nanomaterial
utilized in insulation will enhance its properties
such as thermal resistance, mechanical strength,
dielectric strength, tensile strength, elasticity, and
hardness.

4. CONCLUSIONS

This study examined research conducted on
nano-insulations and demonstrated that the use of
nanotechnology or the addition of various nano-
sized materials improves the properties of the
insulating material, most notably an increase in
thermal resistance. In addition to the composition
of the nanomaterial used, it was observed that other
factors such as particle size or pore size, density of
materials used, loading level and concentration of
applied materials affect its effectiveness.
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