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Abstract. In the 21st century, global climate change and the high level of fossil energy consumption 

have introduced changes affecting all sectors of the economy, including the building industry. This 

process has prompted EU members to create strict regulations in building energetics. It has become a 

serious task for architects to find more effective ways for thermal insulation. One of these options is 

the application of nanostructured materials.  Among them nano-ceramic thermocoatings open a wide 

range of research fields, because complete agreement had not been already found about their 

insulating effect. In order to explore and describe the thermodynamic process inside nano-ceramic 

thermocoatings 6 series of heat transfer resistance experiments were performed in 2014-2018. Several 

building structure configurations with 12 different orders of layers were tested with a standard heat 

flow meter. On basis of these results it could be concluded that in case of nano-structured 

thermocoatings convective heat transfer coefficient might be taken account in different way than in 

case of traditional macro-structured thermal insulation materials. Based on research results, the 

limits of its applicability can also be concluded. It has also been found that the insulating effect of 

nanostructured thermocoatings depends on the material characteristics of the insulated surface.  
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1 Introduction 

In the 21st century, humanity has faced serious problems of energy and environmental aspects. 

Reducing energy consumption and preferring renewable materials with low environmental 

impact are fundamental tools in order to slow the degradation of our environment as well as 

early exhaustion of non-renewable fossil energy resources. Building sector represents over 

40% of global energy consumption and 56.7% in carbon dioxide emissions, which is 

considerable (Shea et al., 2012; Anestopoulou et al., 2017). Because of these reasons 

regulations relating to thermal insulation performance of buildings are getting more and more 

rigorous nowadays. It has become a serious task for architects and civil engineers to find more 

and more effective ways for thermal insulation of buildings. 

The appearance of nanotechnology-based thermal insulation materials in building industry 

opened several possibilities in the 1990s for designers because of their high-performance 

thermal insulating quality (Leydecker, 2008). A variety of nanotechnology-based thermal 

insulation materials could be found in building industry (e.g., aerogel, VIPs), from which 

nano-ceramic thermocoatings are generally considered to be the most critical because of the 

contradictory technical data about their thermal insulating mechanism that could be founded 

in producers’ handouts and also in special literature. Therefore, this material has become the 

focus of this paper. 
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2 Nano-Ceramic Thermocoatings 

Synthetizing of nano-ceramic microspheres was developed in 1981 by S. Komarneni and R. 

Roy. This so-called ‘sol-gel’ process enabled researchers to test the properties of nano-

ceramics (Hoffman et al., 1984). To produce nano-ceramics at a more efficient way this 

process was later replaced by microwave sintering. 

The most paint-on insulation products contain microscopic vacuum-hollow ceramic 

microspheres with a diameter of 20-120 μm and with a cellular wall thickness of 50-200 nm. 

Nano-ceramic thermocoatings are made of melted glass or ceramics on high gas-pressure and 

high temperature (1500 °C). After cooling down, the pressure ends, leaving vacuum inside the 

microspheres. A mixture of synthetic rubber and other polymers is used as binding materials. 

Its main components are styrene (20%) and acryl latex (80%). Styrene enhances mechanical 

strength and acryl latex makes nano-ceramic coating resistant against weather conditions and 

provides flexibility. Other additives (e.g., biocides, anti-fouling and antifungal materials) 

make the final product durable and mold-proofed (Thermo-Shield Inc., 2017; Lan et al., 

2014). 

Nano-ceramic coatings are typically used for exterior and interior wall insulation, but they 

are also suitable for pipe insulation and protection against fire and corrosion. They can be 

easily transmitted to hard-to-reach places. After mixing the ceramic microspheres with 

binding material, additives and water, a brush, roller or spray can be used to apply on the 

surface to be insulated. All surfaces must be clean and free from any contamination before 

painting. Generally two insulating layers are required, the first of which acts as a primer layer. 

The drying time of a layer depends on the temperature (at 20 °C, it takes 4-5 hours). The 

complete solidification takes 72 hours (Thermo-Shield Inc., 2017; Lan et al., 2014). 

3 Literature Summary 

Special literature provides different data about thermal insulation quality and thermodynamic 

details about nano-ceramic thermocoatings (Paul et al., 2010; Koniorczyk et al., 2004). Some 

sources state that their thermal conductivity is around 0.001-0.003 W/mK based on 

measurements of university laboratories in Latvia, Russia (Volgograd) and Hungary 

(Debrecen) (Orbán, 2012; Thermo-Shield Inc., 2017).  Other sources publish much higher 

values (from 0.014 W/mK to 0.140 W/mK) and talk about their effective thermal conductivity 

which contains the internal and external convective heat transfer coefficients (hi and he) of the 

enclosed nanoscale pores inside the nanostructure. These details are often not confirmed by 

documented laboratory tests or refer to insufficiently introduced experiments (Orbán, 2015; 

Lakatos, 2016; Chukhlanov et al., 2017). Others calculate thermal conductivity of nano-

ceramic coatings from heat transfer coefficient (U-value) of a global building structure 

(Lakatos, 2016). Each method has the same problem that it tries to determine thermal 

conductivity by an indirect way using conventional data and calculation and it does not take in 

account that physical and chemical processes inside structures in range from 1 to 100 

nanometers can occur differently than in traditional macro sizes. 

In order to test thermal performance of nano-ceramic thermocoatings energy balance was 

investigated in periods of heating and also in the summer at external building surfaces using 

dynamic outdoor testing. Measurements demonstrated that coating consisting of hollow 

ceramic microspheres has the same thermodynamic properties as a standard facing coating 
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(Čekon, 2013; Čekon et al., 2014). Spectral emissivity properties and reflective ability of 

nano-ceramic thermal insulation coatings were also tested and measured data demonstrated 

that coatings have the same radiant properties as standard building coatings (Čekon, 2012; 

Ádám et al., 2016). Based on GOST 23630.2-79 (Russian standard) using an IT-λ-400 

instrument thermal conductivity of nano-ceramic coatings consisted of hollow inorganic 

microspheres measured to be 0.10-0.18 W/mK and the effective thickness of the thin-film 

insulation coating was determined at least 5 mm (that requires application of 4 layers of 

material at each layer thickness of 1-1.5 mm) (Chukhlanov et al., 2017). 

Nano-ceramic thermocoating was applied on façade walls of an experimental building and 

the total energy consumption of the building was examined. It has been shown that there is an 

effective thermal insulating effect of the coating both in winter and summer. However, exact 

value of conductivity was not determined (Oda et al., 2015). Similar conclusion was made 

after examining a 10 cm thick masonry wall with heat chamber method under summer 

climatic conditions (outside wall surface was covered with nano-ceramic thermocoating). It 

was found that thermal insulating ability is up to 25% more effective when the coating was 

applied in 2 or 3 layers (Esfandyari et al., 2018). 

Other researchers claim that thermal insulation coatings can highly increase heat transfer 

resistance of the insulated surface by reducing convective heat transfer coefficient (Orbán, 

2015). Experiments have shown that they are able to improve the heat transfer coefficient of 

solid brick masonry (Lakatos, 2016). It has also been found that thermal insulation capacity of 

nano-ceramic thermocoatings is affected by its thermal inertia (thermal lag). During the 

review of heat transfer processes, a further discovery has been made that the physical 

equations used for atomic diffusion can be applied to heat diffusion (Lakatos, 2017). 

4 Laboratory Experiments 

The main research task was to clear and describe the thermphysical processes inside nano-

ceramic thermocoatings. Based on the literature review, it was intended to perform series of 

laboratory tests that can provide clear information about the heat reflectivity, thermal 

conductivity and heat transfer resistance of nano-ceramic thermocoatings. After studying the 

special literature six experiments were made in the Laboratory of Building Materials and 

Building Physics at Széchenyi István University (Győr, Hungary) in 2014-2018. 

4.1 Experiment 1 and Experiment 2 

Experiment 1 and Experiment 2 were conducted to find out that the material really has heat 

reflective ability (heat mirror effect) and to check whether it has an extremely low thermal 

conductivity claimed by some special literature references and the manufacturer’s handouts.  

Results of these experiments were published in 2015-2017 but in order for better 

understanding a brief summary is important (Bozsaky, 2015; Bozsaky, 2017). 

In Experiment 1 five types (Type 1-5) of samples were made from different kind of 

traditional thermal insulation materials: expanded polystyrene (EPS), extruded polystyrene 

(XPS) and oriented strand board (OSB). Sample Type 1 was uncoated and homogeneous, 

other samples were sprayed with nano-ceramic thermocoating. According to EN 12667:2001 

standard Taurus TCA 300 heat flow meter was used for measurements. Thermal conductivity 

of homogeneous samples and the effective thermal conductivity (λeff) of inhomogeneous 
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samples (Type 2-5) were compared and results seemed to show a minor negative effect of 

nano-ceramic coating to thermal insulation quality. Only XPS samples showed a small 

positive effect with an insignificant decreasing value (Bozsaky, 2015; Bozsaky, 2017). 

During Experiment 2 thermal conductivity of the pure nano-ceramic coating was measured 

directly with a standard heat flow meter on samples with thicknesses of 25, 30 and 35 mm 

(However, this material is practically not used with such thickness, because they are applied 

as a 0.5-2.0 mm thin membrane). The average thermal conductivity in air-dry condition was 

0.0690 W/mK. In addition each sample was measured 3 times in order to increase measuring 

accuracy (standard requires only one measurement). Analyzing the results the average thermal 

conductivity in air-dry condition was 0.0690 W/mK regardless of thickness. Due to the 

significantly increased measurement accuracy and the fact that there was no difference in 

thermal conductivity of samples with different thicknesses, it could be concluded that 

thickness has no significant effect on thermal conductivity. Therefore it could not be clearly 

declared that thermal conductivity of this material has the same thermal conductivity if it is 

used as a very thin membrane (Bozsaky, 2015; Bozsaky, 2017). 

4.2 Experiments 3-6 

Based on former experiments it was concluded that insulating effect of nano-ceramic 

thermocoatings is probably not caused by their extremely low thermal conductivity. As it was 

formerly mentioned, some sources claim that insulating effect of these materials is generated 

by not their extremely low thermal conductivity but their high surface heat transfer resistance. 

Considering it as a basic concept four more heat transfer resistance experiments were 

conducted in 2016-2018 (Experiments 3, 4, 5 and 6). For these experiments 6 different order 

of layers were constructed from 30x30 cm samples of thermal insulation materials. Moreover, 

an additional Air Gap (AG) was included into the construction with different sizes (Table 1). 

There were configurations (Figure 1), which contained nano-ceramic coated and uncoated 

samples as well (Type 1-6). 

Table 1. Size of air gap in Experiments 3-6. 

Experiment Size of AG (cm) 

3 10 x 10 x 2 

10 x 10 x 3 

4 20 x 20 x 2 

20 x 20 x 3 

5 20 x 20 x 5 

6 20 x 20 x 8 

Measurements were carried out by the same heat flow meter used in Experiments 1 and 2. 

Effective thermal conductivity of 3-3 pieces from each type of configurations was measured 

using 3 different kinds of thermal insulation materials (EPS, XPS, and OSB plates). Each 

sample was measured 3 times. Moreover, sample Types 1-4 were measured in two ways; 

firstly coating was on the warm side; secondly it was on the cold side. Consequently, a total 

number of 883 thermal conductivity measurements were conducted. Unfortunately, because 

of the measuring limits (120 mm maximum sample thickness) it was possible to test only 4 

Types (Types 1-4) of configurations in Experiment 6. Sample Types 5-6 were too thick (16-
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18 cm); therefore, they could not fit to the measurement chamber of the heat flow meter. 

Because of the inhomogeneous, multi-layer structure heat flow meter was able to 

determine effective thermal conductivity (λeff). The main focus of experiments was the 

difference in effective thermal conductivity between coated and uncoated samples. 

All of the samples contained air gap, the effect of convection and conduction inside it was 

included by the λeff value. Air gap has the same position and the same size in each sample so 

the conduction and convection inside air gap should be also the same in each case. This is 

why difference between effective thermal conductivity of coated and uncoated samples could 

be attributed only to the coating. 

 

Figure 1. Sample types for Experiments 3-6. 

From these tests is was expected that there will be significant differences in effective 

thermal conductivity between coated and uncoated samples and the increasing size of air gap 

should cause higher changes.  It was supposed that in larger air gaps air particles should have 

more possibility for bulk movements; thereby surface heat transfer resistance can prevail 

much better and higher differences may arise between coated and uncoated samples. Results 

were correspondent for expectations. 

Unfortunately, most of the test results showed lower differences than the measurement 

accuracy of Taurus TCA heat flow meter (5%). Due to the fact that measurement accuracy 

was increased by testing the samples in 3 times this problem was eliminated (Standard 

prescribes only one measurement). However; in 89% of the measurements there were no 

deviation between 3 test results of an individual sample and in 11% the difference was only ± 

0.0002 W/mK which means also 0.1-0.4% accuracy instead of the theoretically 5% accuracy 

of the heat flow instrument. Therefore, the resulted changes in effective thermal conductivity 

could be considered to be relevant. 

 



David Bozsaky 

 6 

Table 2. Changes of effective thermal conductivity in Experiments 3-6. 

Experiment AG size 

(cm) 

  Change of λeff (%) 

 EPS XPS OSB 

 1/2 3/4 5/6 1/2 3/4 5/6 1/2 3/4 5/6 

3 

10x10x2 

Δλ
eff, cold

 -6,16 -4,69 - -3,57 -3,64 - +3,74 +2,57 - 

Δλeff, warm -5,50 -4,80 - -3,33 -3,34 - +2,70 +3,08 - 

Δ
λeff

 -5,83 -4,75 -8,66 -3,45 -3,49 -2,79 +3,22 +2,82 +2,29 

10x10x3 

Δλ
eff, cold

 -5,71 -4,96 - -3,40 -3,53 - +1,83 +3,04 - 

Δλ
eff, warm

 -5,79 -4,94 - -2,80 -3,16 - +2,91 +2,63 - 

Δ
λeff

 -5,75 -4,95 -8,19 -3,10 -3,35 -2,74 +2,37 +2,83 +1,21 

4 

20x20x2 

Δλ
eff, cold

 -6,84 -4,85 - -5,44 -3,56 - +4,72 +2,45 - 

Δλ
eff, warm

 -6,40 -4,59 - -4,95 -2,97 - +3,03 +3,71 - 

Δ
λeff

 -6,62 -4,72 -9,96 -5,19 -3,24 -3,71 +3,88 +3,08 +2,16 

20x20x3 

 

Δλ
eff, cold

 -6,50 -5,14 - -5,06 -4,14 - +2,98 +2,46 - 

Δλ
eff, warm

 -5,52 -4,90 - -4,82 -2,87 - +4,51 +2,91 - 

Δ
λeff

 -6,01 -5,02 -12,04 -4,94 -3,51 -4,92 +3,75 +2,68 -0,02 

5 20x20x5 

Δλ
eff, cold

 -8,99 -5,97 - -6,17 -3,73 - +3,52 +1,63 - 

Δλ
eff, warm

 -7,88 -5,00 - -4,00 -2,38 - +4,85 +2,12 - 

Δ
λeff

 -8,43 -5,48 -12,84 -5,08 -2,87 -4,53 +4,19 +1,88 -1,04 

6 20x20x8 

Δλ
eff, cold

 -14,70 -8,24 - -8,91 -5,02 - +2,06 +0,94 - 

Δλ
eff, warm

 -10,78 -6,50 - -8,90 -3,49 - +2,45 +1,16 - 

Δ
λeff

 -12,74 -7,37 - -8,91 -4,26 - +2,25 +1,05 - 

 

Table 2 summarizes the analysis of measurement results. Looking at the data it could be 

stated that changes in EPS samples were the most apparent. The most significant differences 

(8.66% and 8.19% in Experiment 3, 9.96% and 12.04% in Experiment 4 and 12.84% in 

Experiment 5) were found in configuration Types 5-6. In case of configuration Types 1-2 

change level was also high even if the coating was on the cold or warm side. The lowest 

changes were measured in case of Types 3-4. This phenomenon can be explained that if an air 

gap is closed inside two layers of thermal insulation air particles are less able to move and the 

effect of surface heat transfer resistance becomes smaller. 

In case of XPS samples smaller changes can be observed (Table 2). Change of thermal 

conductivity was the most significant in configuration Types 1-2. Just like EPS samples, 

using the coating on the warm side the changes were lower, and the difference from samples 

with cold-side painting became more and more significant. In case of Types 5-6 lower 

changes were measured, and the lowest changes were measured in case of Types 3-4 

(excepting Experiment 3). In case of XPS samples smaller changes can be observed than in 

case of EPS. This could be explained by the results of Experiment 1 where nano-ceramic 

coating itself had resulted reduction of thermal conductivity. This is why surface heat transfer 

resistance seems to have minor effect on thermal insulation quality 

It was also a novelty that in Experiment 3 and Experiment 4 there were detectable but not 

enough significant differences between measurement results depending on the location of the 

coating (warm or cold side) in case of EPS and XPS samples. These differences became more 

and more significant by increasing the size of the air gap (see the results of Experiment 5 and 

Experiment 6 in Table 2) which showed that nano-ceramic coating has stronger effect on the 
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cold side. 

In case of OSB boards insulating effect of nano-ceramic coating was undetectable in 

Experiment 3 and 4. All measurements showed that coating has a negative effect on thermal 

insulation quality. Except sample Types 5-6 in Experiment 5, all measurements showed that 

coating has a negative effect on thermal insulation quality. It can be observed that this 

negative effect is decreasing by increasing the size of the air gap. In Experiment 4 nearly zero 

(0.02%) change was measured and in in Experiment 5 a very small decreasing of effective 

thermal conductivity was detected (-1.04%). 

However, it should be noted that the negative effect of nano-ceramic thermocoating was 

reducing by increasing the size of the air gap. Probably, not the same material quality and 

composition is suitable for all building structures and materials. Every time we need to find 

correct solution and the same material is not suitable for all surfaces. Presumably, insulating 

OSB plates needs different material quality, composition or application technology than EPS 

and XPS plates to achieve significant insulating effect. 

5 Conclusions 

Former laboratory tests showed that nano-ceramic thermocoatings do not have an extremely 

low thermal conductivity that was described by the available documents of producers and 

distributors. Moreover, thermal conductivity of nanostructured thermocoatings is independent 

from materials thickness. 

Due to the fact that test results of EPS and XPS samples were consistent with preliminary 

expectations, Experiments 3-6 confirmed the previously raised theory that because of their 

special nanostructure, insulating effect of nano-ceramic thermocoatings lies in their 

significantly higher surface heat transfer resistance than traditional, macro-structured thermal 

insulation materials. 

It can be declared that in case of using nano-structured thermocoatings on the surfaces of 

building structures convective heat transfer coefficient (hi or he, according to the location of 

the coating) might be taken account in different way than in case of traditional macro-

structured thermal insulation materials. New results also showed that the effectiveness of 

nano-ceramic thermocoatings is more intensive using them on the cold side of the structure 

(contrary to producers’ claim that the effect is the same on warm and on cold side). 

It can also be stated that the application of nano-ceramic thermocoatings between two 

structural layers is the least effective method from thermal insulating point of view. 

Test results of OSB samples showed that the same material quality, composition and 

application technology may not be suitable for insulating different kind of surfaces.  

Furthermore; it would be important to make in-situ heat transfer experiments with nano-

ceramic thermocoatings in order to understand better the thermal insulation behavior of the 

material. In order to achieve this goal heat transfer coefficient of several sample buildings 

should be measured without any thermal insulation. These basic data should be compared 

with the heat transfer coefficient of structures with nanostructured thermocoating. 
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