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Because of the rigorous regulations in the 21st century it has become a
serious task for designers to find more effective ways for thermal
insulation. One of these options is the application of nanotechnology-
based materials. Among nano-scale structured materials the most
uncertainties are found about the thermal insulating quality of thermal
insulation coatings consisted of vacuum-hollow nano-ceramic
microspheres. Complete agreement had not been already found about
the mechanism of their insulating effect. In order to explore and
describe the thermodynamic process inside nano-ceramic coatings
(NCC) 6 series of heat transfer resistance experiments were performed
in 2014-2017. 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 materials convective heat transfer coefficient might be taken
account in different way than in case of traditional macro-structured
thermal insulation materials.

nanotechnology, thermal insulation coating, nano-ceramic

1. Introduction

Nowadays, our society is facing major problems of energy and environmental
aspects. Rationalizing our energy consumption and promoting the use of materials
with low environmental impact are measures to be taken to slow the degradation of
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our environment as well as early exhaustion of available energy resources. The
building sector has over 40% of global energy consumption and 56.7% in carbon
dioxide emissions, which is considerable [1] [2]. Because of these reasons
regulations relating to thermal insulation performance of buildings are getting more
and more rigorous in the 21st century. It has become a serious task for designers to
find more effective ways for thermal insulation of buildings

The appearance of nanotechnology-based materials in architecture and civil
engineering opened several possibilities in the 1990s to use them in building
industry. Tensile, shear and bending strength of concrete structures can be
strengthened by nanotubes or nanofibers. Nano-silica additives can increase
durability and compressive strength of cement-based materials. They can be used to
increase fluidity or water permeability of concrete [3] [4]. Wood-based composite
materials with nanotube or nanofiber addition could have twice higher stability and
mechanical strength as steel [3]. Coatings containing nanoparticle form of titanium
dioxide (TiO>) is used to build up self-cleaning surfaces [3] [4]. Nanoparticle-based
coatings can also provide better adhesion, transparency, corrosion and fire protection

(3] [4].

There are also several types of nanotechnology-based thermal insulation materials
(e.g.; vacuum insulation panels, aerogel insulations and thermal insulation coatings
consisted of vacuum-hollow nano-ceramic microspheres). Such variety of insulating
products allows many possibilities to use them effectively in housing. These thermal
insulation materials are generally considered to have better thermal insulation
quality than traditional materials (e.g.; mineral wool products, plastic foams, etc.).
Their nanostructure can hamper one or more ways of heat transport; therefore they
can decrease the heat transfer coefficient of building structures [5] [6] [7] [8].

The research conducted at Széchenyi Istvan University between 2014-2017 was
intended to study the thermal insulation quality of nano-ceramic thermal insulation
coatings in order to give adequate description the thermodynamic process inside its
nanostructure. Chapter 2 contains a brief description about history, production and
materials characteristics of nano-ceramic coatings. In the first part of Chapter 3 the
paper reviews theoretical and experimental results of other authors and researchers.
For better understanding, Chapter 3.1 summarizes the former experiments conducted
at Széchenyi Istvan University in 2014-2016 and then, Chapter 3.2 presents the new
experiments and results. In the end, Chapter 4 contains the conclusions.

2. Thermal Insulation Coatings Consisted of Hollow Nano-Ceramic
Microspheres

Among nanotechnology-based thermal insulation materials thermodynamic
performance of thermal insulation coatings consisted of hollow nano-ceramic
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microspheres generally generates intensive arguments in academic circles because
of contradictory technical data that could be found in special literature and in
producers’ handouts. Complete agreement had not been already found about the
mechanism of their insulating effect. Producers state that their excellent thermal
insulating quality is due to their extremely low thermal conductivity [9] [10] [11].
Other researchers claim that thermal insulation coatings can highly increase heat
transfer resistance of the insulated surface by reducing convective heat transfer
coefficient [12]. Experiments have shown that they are able to improve the heat
transfer coefficient of solid brick masonry [8].

In the early 1980s, Sridhar Komarneni and Rustum Roy [13] developed the first
method of synthetizing nano-ceramics. This process called ‘sol-gel’ and enabled
researchers to test the properties of nano-ceramics [13]. To produce nano-ceramics
at a more efficient way this process was later replaced by microwave sintering [14].

The most common paint-on insulation products in Hungary contain microscopic
vacuum-hollow ceramic microspheres with a diameter of 20-120 um and with a
cellular wall thickness of 50-200 nm. They were made of melted glass or ceramic on
high gas-pressure and high temperature (1500 °C). After they cool down, the
pressure ends, leaving a vacuum inside the microspheres. Their binding material is
a mixture of synthetic rubber and other polymers. The main components are styrene
(20%) and acryl latex (80%). Styrene guarantees the mechanical strength. Acryl
latex makes this material 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 [9] [14] [15].

These 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 [9] [15].

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. To assure
adequate and uniform coverage, spray and roll techniques are recommended. 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 [9] [15].

3. Heat Transfer Experiments

Special literature provides different data about thermal insulation quality of nano-
ceramic coatings. Moreover, thermodynamic details are extraordinarily
contradictory [16] [17]. Some sources provide that their thermal conductivity is
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around 0.001-0.003 W/mK based on measurements of university laboratories in
Latvia, Russia (Volgograd) and Hungary (Debrecen) [9] [10] [11]. Other sources
publish much higher values (from 0.014 W/mK to 0.140 W/mK) [6] [7] [8] and more
correctly talk about their effective thermal conductivity [8] [12] which contains the
internal convective heat transfer coefficient (h;) and external convective heat transfer
coefficient (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 [9] [10] [11]. Others calculate thermal
conductivity of nano-ceramic coating from heat transfer coefficient (U-value) of a
global building structure [8]. 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 coatings 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 [18] [19]. Spectral emissivity properties and reflective
ability of nano-ceramic thermal insulation coatings were also measured with
standard infrared spectroscopy and handheld reflection intensity measurement
device. Measured data demonstrated that coatings have the same radiant properties
as standard building coatings [20] [21]. Based on GOST 23630.2-79 (Russian
standard) using an IT-A-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 heat-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) [22].

3.1. Former experiments (Experiment 1, 2, 3 and 4)

Before describing the new experiments it is necessary to summarize the former
results of heat transfer resistance experiments that were performed in the Laboratory
of Building Materials and Building Physics at Széchenyi Istvan University (Gy®r,
Hungary) in 2014-2016.

After studying the special literature 4 heat transfer resistance experiments were
made to explore and describe the thermodynamic process inside nano-ceramic
coatings. Several building structures with different order of layers were tested with
a standard heat flow meter. Results of Experiment 1, Experiment 2, Experiment 3
and Experiment 4 were published in 2015-2017 [22] [23] [24].
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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 coating. Thermal
conductivity of homogeneous samples and the effective thermal conductivity (Ae)
of inhomogeneous 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
[23] [24].

During Experiment 2 thermal conductivity of the pure nano-ceramic coating was
measured directly with a standard heat flow meter on samples with a thickness of 20
mm. The average thermal conductivity in air-dry condition was 0.0690 W/mK.
However; this material is practically not used with such thickness, because they are
applied as a thin membrane. 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 [23].

Based on the previous two experiments it was concluded that insulating effect of
nano-ceramic thermal insulation coatings 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 (this value is estimated to be 0.014 W/mK) but their high surface heat
transfer resistance.

Considering it as a basic concept Experiment 3 and 4 were conducted in 2015-
2016. For these experiments 12 different orders of layers were constructed from
300x300 mm samples of thermal insulation materials with different thickness. There
were coated and uncoated samples; moreover, 100x100 mm air gap with a thickness
of 20 and 30 mm included into the construction in Experiment 3 and 200x200 mm
air gap with a thickness of 20 and 30 mm in Experiments 4. From these experiments
it was expected that there should be significant differences between uncoated and
coated samples and larger air gap should cause higher changes in effective thermal
conductivity. Results were correspondent for expectations, and it seemed to be
proven that insulating effect comes from a relatively high surface heat transfer
resistance. However; insulating effect was much lower than previously expected
[25].

3.2. Experiment 5 and Experiment 6

Previous experiments did not provide adequate description about thermodynamic
processes inside nano-cermaic coatings. Only a relatively low thermal insulation
effect was detectable. Analysing measurement data of Experiments 1-4 it was
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concluded that probably the size of built-in air gaps were too small. Supposing that
in a larger air gap 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 new experiments were
conducted in 2016-2017 that were called Experiment 5 and Experiment 6.

For Experiment 5 and 6 the same order of layers were constructed from 300x300
mm samples of Thermal Insulation Materials (TIM) with 200x200 mm Air Gap
(AG) with a thickness of 50 mm in Experiment 5 and with a thickness of 80 mm in
Experiment 6. Because of the measuring limits (120 mm maximum sample
thickness) there were only 4 Types (Types 1-4) of configurations in Experiment 6.
There were configurations (Table 1), which contained Nano-Ceramic Coated (NCC)
and uncoated samples as well (Type 1-6).

Table 1: Sample types for Experiment 5 and 6

Type 1 AG +TIM

Type 2 AG+ NCC +TIM

Type 3 TIM + AG + TIM

Type 4 TIM + NCC + AG + TIM

Type 5 AG+TIM + AG

Type 6 AG + NCC + TIM + NCC + AG

Samples were prepared by the manufacturing company that provided only
approximate data about the raw material. The composition is patented and
manufacturers generally do not give completely accurate details about the product.
It could be definitely stated that the examined coating was outside fagade insulation.
Wide limits (20-50 m/m %) were given about the ratio of the binder material, but
certainly it neared the lower limit because coating was sprayed on the surface of
samples and low ratio of binder material is ideal for spray technology.

According to EN 12667:2001 standard Taurus TCA 300 heat flow meter was used
for measurements. Because of the inhomogeneous, multi-layer structure heat flow
meter was able to determine effective thermal conductivity (Aesr). 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 NCC was on the warm side; secondly NCC was on the cold side.
Eventually 270 different measurements were conducted in Experiment 5 and 144 in
Experiment 6. Together it means a total number of 414 measurements.

Experiments 5 and 6 were to provide information about thermal insulation ability
of NCC. Therefore; the main focus of experiments was the difference in effective
thermal conductivity between coated and uncoated samples. Compared to
Experiment 3 and 4 the only difference in configurations was the multiple increased
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air gaps. Therefore; measurements of Experiments 5 and 6 were also comparable
with the results of Experiment 3 and 4. Because of the increased air gap larger
changes were expected in effective thermal conductivity of coated and uncoated
samples.

The above assumption has been slightly proved because differences in effective
thermal conductivity between coated and uncoated samples were really higher than
in Experiment 3. It is well-known that the accuracy of Taurus TCA heat flow meter
is up to 5% and these results might be fluctuations in measurement limits. However,
in fact, in 92% there were no deviation between 3 test results of an individual sample,
and in 8% the difference was only £ 0.0002 W/mK which means really 0.1-0.3%
accuracy.

Table 2: Results of Experiment 3, 4, 5 and 6 with EPS samples

Air | Sym Unit Type 1 Type2 | Type3 | Type4d | Type5 | Type6
Gap | bol
Aeficot | WIMK 0.06713 0.0630 0.0547 0.0521 - -
d 0 0 4
E Adetr, % -6.16 -4.69 -
cold
% Aeftwa | W/mK 0.06691 0.0632 0.0546 0.0520 - -
o m 3 7 5
S [ M % ~5.50 ~4.80 -
X
o warm
- S et W/mK 0.06702 0.0631 0.0546 0.0520 0,0858 0,0784
e 2 9 9 3 0
g Adett % -5.83 —4.75 —8.66
H hettco | W/MK | 0.08231 | 0.0776 | 0.0621 | 0.0590 - R
|.>|J< d 1 0 2
£ Ahert, % -5.71 - 4.96 -
g cold
‘Q Aetiwa | W/mK 0.08312 0.0783 0.0621 0.0590 - -
= m 0 2 5
: Alerr, % -5.79 —-4.94 -
o warm
S Aett W/mK 0.08272 0.0779 0.0621 0.0590 0.1092 0.1002
6 1 3 3 8
Alett % -5.75 —4.95 -8.19
< Aettcot | WIMK 0.06475 0.0603 0.0559 0.0532 - -
g2 3 ¢ 2 7 6
s | 8¢€
E | &g | Ahker, % -6.84 -4.85 -
EJ_ ; 8 cold
4 8 Aeftwa | WIMK 0.06094 0.0570 0.0559 0.0533 - -
m 4 4 7
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A, % —6.40 — 459 -
ett W/mK | 0.06284 | 0.0586 | 0.0559 | 0.0533 | 0.0775 | 0.0698
8 5 1 9 6
At % - 6.62 —4.72 —9.96
hefico | W/mK | 0.08046 | 0.0752 | 0.0661 | 0.0627 - -
d 3 2 3
E A, % —6.50 -5.14 -
cold
§ hefiwa | W/mK | 0.07791 | 0.0736 | 0.0661 | 0.0628 - -
S |m 1 3 9
S| A % —-552 —4.90 -
o warm
& | Rer W/mK | 0.07919 | 0.0744 | 0.0661 | 0.0628 | 0.1083 | 0.0952
2 3 1 0 6
Adest % - 6.01 —5.02 —12.04
hefico | W/mK | 0.01074 | 0.0977 | 0.0836 | 0.0787 - -
g 0 5 9 0
E | Aker % -8.99 —5.97 -
g cold
© [ etrwa | W/mK | 010633 [ 0.0982 | 0.0838 | 0.0796 - -
8 m 3 1 2
S| A, % —7.88 - 5.00 -
o warm
g & | Aerr W/mK | 0.10702 | 0.0979 | 0.0837 | 0.0791 | 0.1581 | 0.1378
e 9 5 6 0 0
£ Adest % - 843 —5.48 —-12.84
E heicol | W/MK | 0,14923 | 0,1273 | 0,1128 | 0,1035 - -
g o 0 3 3
a0 £ Adest, % - 14,70 -8,24 -
cold
% hetiva | W/mK | 0,16383 | 0,1461 | 0,1129 | 0,1055 - -
o m 7 0 7
& [ A % ~10,78 ~6,50 -
g warm
Q& | e W/mK | 0,15653 | 0,1367 | 0,1128 | 0,1045 - -
3 7 5
Adest % —12,74 - 737 -

Effective thermal conductivity changes caused by nano-cermaic coating were the
most apparent in EPS samples (Table 2). In Experiment 5 the most significant
difference in effective thermal conductivity (12.84%) was found between
configuration Type 5 and configuration Type 6 due to the two-sided nano-ceramic
coating. As it was formerly expected, higher changes were registered than in
Experiment 3 and 4. In case of Types 1-2 change level was also higher (8.99% on
cold side and 7.88% on warm side in Experiment 5 and 14.70% on cold side and
10.78% on warm side in Experiment 6) than Experiment 3 and 4. Effective thermal
conductivity changes were also the lowest in case of Types 3-4 (5.97% on cold side
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and 5.00% on warm side in Experiment 5 and 8.24% on cold side and 6.50% on
warm side in Experiment 6) but despite of Experiment 3 and 4 these values were
more significant. 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. It can be also concluded
that the application of NCC in this way could be the least efficient. In Experiment 6
remarkably higher changes were registered that was probably caused by the much
thicker (80 mm) air gap. Contrary to the past experiments there were evincible
differences between measurement results depending on the location of the coating
(warm or cold side). In former experiments with smaller air gaps (20 and 30 mm)
effective thermal conductivity was measured the same regardless whether the
coating was on the cold or warm side. New results showed that nano-ceramic coating
has stronger effect on the cold side.

In case of XPS samples smaller changes can be observed (Table 3) similarly to
Experiment 3 and 4. 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. Change of thermal conductivity was the most significant in configuration
Types 1-2 (6.17% on the cold side and 4.00% on the warm side in Experiment 5 and
8.91% on the cold side and 8.90% on the warm side in Experiment 6). Configuration
Types 5-6 showed also higher changes than in Experiment 3 and 4 but the increase
was not as significant as in case of EPS samples (4.53%). Just like EPS samples, a
little bit lower changes were measured in case of Types 3-4 (3.73% and 2.38% in
Experiment 5, and 5.02% and 3.49% in Experiment 6). There were also similar
detectable differences to EPS samples between measurement results depending on
the location of the coating (warm or cold side).

Table 3: Results of Experiment 3, 4, 5 and 6 with XPS samples

Air Symb Unit Type 1l Type 2 Type 3 Type 4 Type 5 Type 6
Gap | ol
Aeft.cold W/m 0.0514 | 0.0496 | 0.0453 | 0.0436 -
K 8 4 4 9
g Ahet col % —-3.57 -3.64 -
d
o 3 Aefiwarm | W/M 0.0513 | 0.0496 | 0.0457 | 0.0442 -
G o K 9 8 8 5
E1 S [ | % ~333 ~334 -
er) x
£ 8
| = Kett W/m 0.0514 | 0.0496 | 0.0455 | 0.0439 | 0.0645 | 0.0627
K 4 6 6 7 6 6
Aherr % —3.45 —3.49 -2.79
o o d leffoold W/m 0.0623 | 0.0602 | 0.0505 | 0.0487 -
K 3 1 3 4
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A7\oeff‘n:ol % - 3.40 - 3.53 -
d
hetwarm | W/M | 0.0620 | 0.0603 | 0.0513 | 0.0496 - .
K 8 4 1 8
Aeftwa % -2.80 -3.16 -
m
ett W/m | 0.0622 | 0.0602 | 0.0509 | 0.0492 | 0.0825 | 0.0803
K 0 7 2 1 9 3
At % —3.10 - 335 —2.74
heticold | WI/m | 0.0485 | 0.0459 | 0.0459 | 0.0443 - R
K 6 2 4 0
g At col % —5.44 - 356 -
d
§ hetwarm | WI/M | 0.0466 | 0.0443 | 0.0472 | 0.0458 - -
S K 6 5 5 5
S| Aetrua % —4.95 - 297 -
o m
< Q& | her W/m | 0.0476 | 0.0451 | 0.0466 | 0.0450 | 0.0564 | 0.0543
= K 1 3 0 8 1 1
g At % —5.19 - 327 -3.71
S hetcd | WI/M | 0.0597 | 0.0567 | 0.0526 | 0.0504 - -
u% K 2 0 2 4
E A7\'eff‘col % - 5.06 —-4.14 -
d
19; hetwarm | WI/M | 0.0585 | 0.0556 | 0.0552 | 0.0536 - -
S K 0 8 1 3
c;‘ A)\aeff,wa % — 4.82 - 2.87 -
o m
& | Ren W/m | 00591 [ 0.0561 | 0.0539 | 0.0520 | 0.0768 | 0.0731
K 1 9 1 3 9 0
Aett % —4.94 - 351 —4.92
heticold | WIm | 0.0762 | 0.0715 | 0.0632 | 0.0611 - -
K 3 3 3 0
g Aef col % -6.17 -3.73 -
d
% hettwarm | WI/M | 0.0776 | 0.0745 | 0.0715 | 0.0698 - -
© pa K 7 6 7 7
2 § Ahetwn | % —4.00 238 -
b~ o m
é S W/m | 0.0769 | 0.0730 | 0.0674 | 0.0658 | 0.1036 | 0.0989
T K 5 5 0 2 7 7
g At % —5.08 —2.87 — 453
w heticold | WI/m | 0.0919 | 0.0837 | 0.0653 | 0.0620 - -
Ja K 2 3 3 5
S E [An % 891 502 -
N £ f,col
S8 |
Q Aeftwarm | W/m | 0.1138 | 0.1037 | 0.0757 | 0.0730 - -
K 3 0 1 7
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Adetiwa % -8.90 —-3.49 -
Aeff Wim 0.1028 | 0.0937 | 0.0705 | 0.0675 -

K 8 2 2 6
Ahest % -8.91 —4.26 -3.10

In case of OSB boards insulating effect of nano-ceramic coating was undetectable
(Table 4). Except sample Types 5-6, all measurements showed that coating has a
negative effect on thermal insulation quality. It can be observed that this negative
effect decreases by increasing the thickness of the air gap. Analyzing the results of
Types 3-4 it can be observed that in case of 20 mm air gap NCC increased effective
thermal conductivity with 2.82% in Experiment 3, and 3.08% in Experiment 4. With
30 mm air gap this value was 2.83% in Experiment 3 (it is nearly the same) but
2.68% in Experiment 4. In Experiment 5 this value decreased to 1.88% and in
Experiment 6 to 1.05%. Measurement results of Types 5-6 show that with two-sided
20 mm air gap NCC increased effective thermal conductivity with 2.29% in
Experiment 3 and 2.16% in Experiment 4. With 30 mm air gap this value decreased
to 1.21% in Experiment 3 and to -0.02% (i.e.; nearly zero) in Experiment 4. Using
50 mm air gap a very small decreasing of effective thermal conductivity was detected
(-1.04%).

On basis of these results it could be concluded that NCC requires a much larger
air gap in order to have beneficent thermal insulation effect on OSB plates. It can be
also admitted that thermal insulation effect of NCC could be very different on
different types of surfaces.

Table 4: Results of Experiment 3, 4, 5 and 6 with OSB samples

Air | Symb Unit Type 1 Type 2 Type3 | Typed | Type5 Type 6
Gap | ol
Aeficord | W/m | 0.10517 | 0.10910 | 0.0667 | 0.0684 -
K 4 5
1S Akt c % +3.74 +2.57 -
g old
= Aettwar | W/m | 0.10743 | 0.11033 | 0.0694 | 0.0716 -
= m K 6 0
S 2 | Merw | % +2.70 +3.08 -
c x
Q o arm
g S Kett W/m | 0.10630 | 0.10972 | 0.0681 | 0.0700 | 0.1180 | 0.01207
s K 0 3 0 0
] At % +3.22 +2.82 +2.29
Aeff cold W/m 0.12597 | 0.12827 0.0734 0.0757 - -
x
o K 7 1
S E
= £ Akt c % +1.83 +3.04 -
; 8 old
S hettwar | W/m | 0.01272 | 0.13093 | 0.0775 | 0.0796 -
m K 3 6 0
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Mt | % +2091 +2.63
ett W/m | 0.12660 | 0.12960 | 0.0755 | 0.0776 | 0.1509 | 0.15280
K 2 5 7
At % +2.37 +283 +121
heticold | W/m | 0.09991 | 0.10463 | 0.0704 | 0.0721 - -
K 1 4
£ Ahetrc % +4.72 +2.45
g old
N [ ettwar | W/m | 010997 | 0.11330 | 0.0728 | 0.0755 - .
x
8 m K 7 7
S Merw | % +3.03 +3.71
o arm
< & | et W/m | 0.10494 | 0.10897 | 0.0716 | 0.0738 | 0.1064 | 0.10873
= K 4 5 3
g Adest % +3.88 +3.08 +2.16
5 heftcd | W/M | 0.12090 | 0.01245 | 0.0820 | 0.0841 - N
L% K 0 9 1
E Adetre % +2.98 +2.46
old
3 [Dewwr | W/m | 001284 | 0.13427 | 0.0854 | 0.0879 - -
x
S |m K 7 9 8
§ At | % +451 +201
o arm
Q& | e W/m | 0.12468 | 0.12938 | 0.0837 [ 0.0860 | 0.1414 | 0.14137
K 9 5 0
it % +3.75 +2.68 —0.02
hettcd | W/m | 0.01610 | 0.01666 | 0.1040 | 0.1057 - -
K 0 7 0 0
E Aheti % +3.52 +163
old
B [emwr | W/m | 017167 | 0.18000 | 0.1100 | 0.1123 - -
x
o m K O 3
S [ Alrw | % +4.85 212
g arm
g & | e W/m | 0.16633 | 0.17333 | 0.1070 | 0.1090 | 0.1926 | 0.19067
0 K 0 2 7
= At % +4.19 +1.88 —1.04
E hettcd | W/m | 0.23667 | 0.24153 | 0.1482 | 0.1496 - -
g K 7 7
) E Aetrc % +2.06 +0.94
old
% hetwar | W/m | 0.22987 | 0.23550 | 0.1526 | 0.1544 - -
8 m K 7 3
; Aettw % +2.45 +1.16
o arm
& | e W/m | 023327 | 0.23851 | 0.1504 | 0.1520 - -
K 7 5
At % +2.25 +1.05
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4, Discussion

Nano-ceramic coatings cause plenty of scientific discussion between architects
because there is no accepted consensus about their thermal insulating quality. In
addition, a wide variety of manufacturers and distributors provide contradictory
material properties in their product brochures. Manufactureres generally do not
explain how material properties are measured and they often do not refer
scientifically accepted special literature. They also do not give satisfying
information about material composition; therefore it is often difficult to decide
exactly which type of material is involved [9] [10] [11].

Numerous theoretical and experimental researches have been conducted in the past
few years and results have raised several questions. Researchers did not reveal any
difference between thermal insulation quality of conventional paints and nano-
ceramic coatings with energy balance calculations, spectral emissivity and reflective
ability measurements of nano-ceramic thermal insulation coatings [18] [19] [20]
[21]. Thermal conductivity was indirectly calculated from measurements of heat
transfer coefficient but obtained values were quite different (0.00177 W/mK and
0.10-0.18 W/mK) [9] [11] [22].

Some theoretical papers explain thermal insulating ability of nano-ceramic
coatings not with its low thermal conductivity, but with its high surface heat transfer
resistance. These papers claim that as a result of the nanostructure, heat transfer
process on the inside and outside surface of nano-ceramic coating becomes different
from traditional macrostructured materials and internal and external surface heat
transfer coefficient recommended by the standards (hi = 8 W/m?K and he =
24W/m?K) have to be changed [6] [7] [12] [17].

Former laboratory tests (Experiment 1 and Experiment 2) conducted in 2014-2015
in the Laboratory of Building Materials and Building Physics at Széchenyi Istvan
University showed that nano-ceramic thermal insulation coatings probably do not
have an extremely low thermal conductivity that was described by the available
documents of producers and distributors. Their thermal conductivity is likely to be
higher than that of traditional thermal insulation materials like mineral wool products
or plastic foams (e.g. EPS, XPS and polyurethane foam) [23].

Former thermodynamic experiments (Experiment 3 and Experiment 4) in 2014-
2016 were partially seemed to prove the hypothesis of some special literature sources
that insulating effect of nano-ceramic coatings comes from a relatively high surface
heat transfer resistance because in some sample configurations, where an air gap was
inserted, effective thermal conductivity of coated samples was lower than the
uncoated samples. These results based the following series of measurements that
were conducted in 2016-2017[24] [25].
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5. Conclusions

New series of thermodynamic experiments (Experiment 5 and Experiment 6) in
the Laboratory of Building Physics and Building Materials at Széchenyi Istvan
University (Gy6r, Hungary) were conducted to prove or disprove the hypothesis of
high surface heat transfer resistance. However; it can be seen that the difference of
effective thermal conductivity between coated and uncoated samples were getting
more significant when the size of the air gap is increasing.

It can be observed that in the case of a surface from low-density material (e.g.;
EPS), 50-80 mm air gap might have a significant effect (8.99-14.70%). When NCC
is applied on a surface with medium density (e.g.; XPS) thicker air gap is needed.
Applying it on a high-density surface (e.g.; OSB plate) NCC has positive effect on
effective thermal conductivity only with two-sided 80 mm air gap material.
Presumably with an infinite air gap (e.g.; on the outside surface of masonry structure)
insulating effect of NCC would be much more intensive.

Experiments 5 and 6 confirmed the former assumption based by Experiment 4 that
higher heat transfer resistance of coated samples caused by the lower surface
convective heat transfer coefficient. It can be declared that in case of nano-structured
materials convective heat transfer coefficient might be taken account in different
way than in case of traditional macro-structured thermal insulation materials.

Test results also showed that thermal insulating ability of this material prevails
otherwise on different kind of surfaces. Insulation effect depends not only on the
thickness of the air gap but also on the material of the insulated surface. Presumably
the same material quality, composition and application technology may not be
suitable for insulating different kind of surfaces. Every time we need to find correct
solution and definitely the same material is not suitable for all surfaces.

Further studies are needed to have quantified data about the insulation effect of
NCC. It would be important to make in-situ heat transfer experiments (Experiment
7) with NCC for better understanding the thermal insulation behavior of it. 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 NCC insulation. Based on previous
(Experiments 1-6) and future tests (Experiment 7) a specific value of external and
internal convective heat transfer coefficient (he and hi) should be calculated.
Experiments and analysis are still running. Results will be reported in a subsequent
study.
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