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Abstract: This study examined the thermal reflective properties of composite inorganic coatings
applied to various wall types. It evaluated the influence of these coatings on the thermal insulation
and reflectivity of walls. The findings indicate that coating application markedly enhances the wall's
thermal insulation capabilities and increases the heat flux reflection ratio. These results offer crucial
theoretical backing and practical guidance for the future use of coating technologies in construction.
By refining the coating formulations and application processes, the thermal insulation properties of
walls can be further enhanced, thus making a significant contribution to building energy efficiency
and environmental protection. Consequently, this research provides essential references and
insights for advancing coating technology in the construction industry.
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1. Introduction

Energy scarcity and environmental deterioration pose significant challenges to humanity,
necessitating a focus on energy conservation and emission reduction in architecture. This study
explores thermal reflective insulation coatings for buildings, which involve placing low thermal
conductivity air between layers of highly reflective aluminum films to form a composite material
with superior insulation properties. These materials, particularly focused on barrier, reflective, and
radiation insulation, are widely used in building walls and other applications [1-15].

Organic thermal insulation materials, such as polyurethane foam, expanded polystyrene, and
phenolic foam, are recognized for their light weight and ease of processing [16-23]. Conversely,
inorganic thermal insulation materials are increasingly valued for their excellent thermal stability
and eco-friendly characteristics [24-26]. Previous research has shown that different substrates and
novel nano-composite inorganic materials vary in their effects on sunlight reflection. ElAbieta
Malewska et al. performed extensive tests on new heat-reflecting coatings, assessing their suitability
as substrates with anti-corrosion, alkaline resistance, and self-quenching properties at temperatures
below 200°C [27]. Marwan M developed a novel composite material, CLC brick, for use in building
wall design, examining its potential to reduce energy costs [28]. Lin et al. created Terbium-doped
cerium oxide nanocomposites with a near-infrared solar reflectivity of 85.54% using a green synthesis
method, ball milling, and high-temperature calcination [29]. Luo et al. devised a method to prepare
radiation-cooled coatings that enhance sunlight scattering efficiency by randomly distributing Y203
nanoparticles in PDMS [30]. Yuan et al. explored the effects of applying DHR and RR materials to
building facades on the outdoor thermal environment [31].

This study investigates the reflection characteristics of thermal reflective coatings on different
walls, systematically assessing the impact of wall composition, light source irradiation angle, light
source irradiation duration, and other factors on the efficacy of thermal reflection. The aim is to
thoroughly explore the mechanisms of thermal reflection.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Experimental section

2.1. Control of powder

The powder is mainly composed of calcium silicate, calcium carbonate, calcium hydroxide, and
binders. These components are combined in specific proportions to form a coating mixture. As shown
in Figure 1a, the mixing process begins with adding water at a speed of 1000rpm, and the mass ratio
of dry powder to water (M (dry powder): M (water)) is about 1:0.7 until a uniform paste is obtained,
as shown in Figure 1c. After the mixture is left to stand for 15 minutes, the slurry is stirred again for
5 minutes. The amount of water added can be slightly adjusted according to the actual viscosity of
the mixture.

Figure 1. a Powder paint in dry state.b Well stirred paint.

In this study, three different wall materials commonly used in construction were selected for
experimentation: block brick walls (hereafter referred to as block walls), clay brick walls (brick walls),
and adobe brick walls (earth walls), as shown in Figures 2a, 2b, and 2c. Investigating the effects of
thermal reflective coatings on these walls has significant representational value.

2.2. Film preparation

Typically, civil buildings utilize three kinds of walls: block walls, brick walls, and earth walls.
These walls differ in thermal conductivity, which significantly impacts their insulation performance.
This study assessed the thermal reflection capabilities of these walls by applying thermal reflective
coatings, with detailed configurations displayed in Figures 2al to 2c3. The dimensions of each
experimental wall were 0.6m in length, 0.25m in width, and 0.6m in height. After the walls dried
completely, a layer of heat reflective coating was applied to each. Testing was conducted once the
coatings had fully dried.
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Figure 2. al Block wall masonry stage. a2 Block wall plastering stage. a3 Block wall painting stage. b1
Brick wall masonry stage. b2 Brick wall plastering stage. b3 Brick wall paint stage. ¢1 Earth wall
masonry stage ¢2 Earth wall plastering stage. ¢3 Soil wall painting stage.

2.3. Test method characterization

The study was conducted in the temperate monsoon climate of Tianjin, characterized by cold
winters and hot summers, focusing on the insulation effects of coatings during winter. The
experimental setup included an infrared radiometer (model LH-131), a reflective indoor heater
(model RSN22-507], rated at 700W, 220V), and a thermocouple thermometer (model RE-Y2101B), as
detailed in Figure 4c. The thermocouple thermometer recorded temperatures on both sides of the
wall, using indoor reflective heaters as the heat source. The infrared radiometer measured the
infrared heat flux, which spans a wavelength range of 0.76-1000 pm.

Heat flux is defined as the heat received or reflected per unit area of the wall. It is influenced by
the wall's thickness, the temperature differential across the wall, and the wall material's thermal
conductivity. This metric is crucial for evaluating both the heat dissipation performance and heat loss
of materials. Currently, the evaluation of thermal reflective coatings in buildings primarily focuses
on hemispherical emissivity and solar reflectivity. This experiment primarily examined how the wall
material, the angle of heat source irradiation, and the duration of irradiation affect the insulation
properties of the coatings. The photothermal and thermal reflection performance of the coating were
assessed by measuring the temperature difference between the exterior wall and room temperature,
as well as the heat flux reflectance before and after coating application.

The test is structured into two primary sections: measuring the temperature and heat flux of
three different walls, and monitoring temperature data in the Earth Survey Building classroom. Prior
to applying the coating, temperature sensors were installed at two equidistant points along a
diagonal on the rear of each wall segment to ensure accurate data collection. These sensors were
linked to thermocouple thermometers, as depicted in Figure 3. Initially, the angle (0) between the
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heat source's central axis and the vertical plane of the wall was set for various measuring points on
the three walls, as illustrated in Figures 4a and 4b. It was necessary to log the temperature of the "bare
wall" every 30 minutes, collecting 15 data sets, and of the "bare wall + heat source" every 30 seconds
for a duration of 10 minutes. Subsequently, © was adjusted from 10 degrees to 80 degrees in 10-degree
increments to assess changes in temperature and heat flux. Following this, temperatures and reflected
heat flux for the "wall after a coat of paint” were recorded every 30 minutes, with 15 data sets
collected, and for the "wall + heat source after a coat of paint" every 30 seconds for 10 minutes. © was
similarly adjusted from 10 degrees to 80 degrees in 10-degree steps, and measurements continued for
three days to evaluate stability.

(T 7
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c)

-

S /

Figure 3. a Gouging and embedding temperature sensors.b Connect the thermocouple thermometer.c
The temperature sensor is buried on the left view of the wall and the right view of the wall.

To capture accurate and reliable data, measurements were taken from four points on each wall,
with two points on each side. These points were located at the two-thirds positions along the diagonal
of the wall, as shown in Figure 4c. At the start of the experiment, the following were recorded: indoor
and outdoor temperatures, indoor and outdoor humidity, radiator temperature, the temperature 60
cm from the radiator, radiator heat flux, and heat flux 60 cm from the radiator. The heat source was
consistently positioned 60 cm from the center of the wall. Additionally, temperature fluctuations in
the classroom were monitored before and after painting over a continuous three-day period.
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Figure 4. a Heat flux test to the wall.b Heat flux test reflected by wall.c Schematic diagram of
temperature and heat flux test system.

3. Results and discussion
3.1. Temperature stability

3.1.1. Temperature stability test of three bare walls under t the heat source

As illustrated in Figure 5a and 5b, a temperature differential exists between the front and back
of the wall when exposed to a heat source, confirming the wall's inherent thermal insulation
capability. For instance, with O set at 10°, the temperature difference between the front and back of
the block wall can reach 7°C.
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Figure 5. a Schematic diagram of temperature stability test. b Schematic diagram of temperature
stability test in front of and behind three bare walls at 6 10°.

3.1.2. Temperature stability test of bare and coated walls under the heat source

Figure 6a details temperature measurements for the block wall both bare and after applying a
layer of paint. Initially, the room temperature was recorded at 16.2°C and 20.4°C. The graph shows
that one minute of heat exposure resulted in a temperature of 18.2°C behind the bare wall, and 18.1°C
after ten minutes. The temperature at the measurement point behind the wall was consistently higher
than the room temperature. With a layer of paint, the temperature behind the wall was 17.6°C after
both one minute and ten minutes of heat exposure. The temperature difference between the

measurement point and the room temperature increased by 0.9°C after painting, demonstrating the
paint's effective insulation.
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Figure 6. a Temperature change of the block wall before and after coating under the heat source.b
Temperature change of the brick wall before and after coating under the heat source.c Temperature
change of the earth wall before and after coating under the heat source (0 is 10°).

Figure 6b presents the temperature measurements for the brick wall, bare and painted. The room
temperatures were 16.2°C and 20.6°C, respectively. Initially, the temperature behind the bare wall
was 17.8°C after one minute of exposure and 18.2°C after ten minutes, exceeding the room
temperature. After applying paint, the temperature behind the wall remained at 18.3°C after both one
and ten minutes of exposure. The temperature difference between the measurement point and the
room temperature increased by 0.3°C after painting, indicating a favorable insulation effect.

As depicted in Figure 6¢, temperature measurements for the bare earth wall and the painted
brick wall showed initial room temperatures of 17.1°C and 20.4°C. One minute of exposure resulted
in a temperature of 17.7°C behind the bare wall, and 17.4°C after ten minutes, slightly above the room
temperature. Following painting, the temperature behind the wall was 19.6°C after one minute and
19.7°C after ten minutes of exposure, with a temperature increase of 0.4°C compared to the room
temperature, suggesting effective insulation. These findings preliminarily indicate that insulation
effectiveness is related to wall material and thickness.
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3.1.3. The temperature of the bare wall and the wall after coating changes with the Angle of
placement of the heat source

As shown in Figure 7, temperature measurements were conducted on both bare and painted
block walls, with room temperatures recorded at 16.2°C and 20.4°C, respectively. The data indicated
that temperatures behind the wall, both before and after painting, were similar, resulting in almost
identical curves. In the temperature range of 10° to 50°, the temperature behind the bare wall was
consistently above the room temperature when exposed to the heat source. However, after applying
a coat of paint, the temperature behind the wall decreased by approximately 3°, with the most
significant reduction observed at 60°. For the bare brick wall and painted brick wall, with room
temperatures of 16.2°C and 20.6°C respectively, the temperatures behind the bare wall exceeded the
room temperature from 10° to 80° when exposed to the heat source. After painting, the temperature
behind the wall dropped, with the largest decrease at about 20°, showing a reduction of 6.6°C.
Similarly, for the bare earth wall and painted earth wall, with room temperatures of 17.1°C and 20.4°C
respectively, the temperatures behind the bare wall were higher than the room temperature from 10°
to 80° under heat source exposure. After painting, the temperature behind the wall fell by
approximately 0.7°C. These observations suggest that the optimal angle for applying the coating,
which achieves the best insulation effect, varies among the three types of walls, indicating that
insulation effectiveness is influenced by both the wall material and the angle of the light source.

@ Block wall bare wall+indoor reflective heater
22 Brick wall painted with one layer of paint+indoor reflective heater
@mm=» Brick wall bare wall+indoor reflective heater
@sm=» Brick wall painted with one layer of paint+indoor reflective heater
h @m==w Earth wall bare wall+indoor reflective heater
@mm=» Earth wall painted with one layer of paint+indoor reflective heat
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Figure 7. The temperature of the three bare walls and the wall after one coat of paint changes with 0
when the wall is illuminated by the heat source (0 is 10°~80°, step size is 10°).
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3.1.4. The temperature stability of the wall after one coat of paint is tested for 3 consecutive days

Figure 8a illustrates the temperature measurements behind the painted block wall over three
days, with room temperatures of 20.4°C, 20.6°C, and 20.4°C and corresponding humidity levels of
56%, 49%, and 51%. The temperature behind the wall remained consistently about 3.0°C lower than
the room temperature. In Figure 8b, for the coated brick wall, with room temperatures over three
days of 20.4°C, 20.6°C, and 20.4°C and humidity levels of 56%, 49%, and 51%, the temperature behind
the wall stabilized at roughly 2.4°C below the room temperature after painting. Figure 8c shows the
temperature measurements behind the coated earth wall, with room temperatures of 20.4°C, 21.3°C,
and 20.7°C and humidity levels of 84%, 78%, and 78% respectively. Here, the temperature behind the
wall stabilized at about 0.9°C below the room temperature after the paint application. Preliminary
conclusions suggest that the insulation effect of the coating on the block wall is superior to that on

the brick wall, and the insulation effects across all three wall types appear to be relatively stable over
time.
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Figure 8. a Temperature change of the block wall after coating under indoor reflective heater for 3
consecutive days.b Temperature change of the brick wall after coating under indoor reflective heater

for 3 consecutive days.c Temperature change of the earth wall after coating under indoor reflective
heater for 3 consecutive days (O is 10°).

3.1.5. Temperature stability test before and after coating in geodesic building classroom

As shown in Figure 9, before and after painting, the indoor temperature increased, and the
insulation effect gradually became stable, and the indoor temperature difference reached about 4.5°C.
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Figure 9. Six consecutive days of temperature changes before and after painting in the geodesy
building classroom.


https://doi.org/10.20944/preprints202407.0473.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 July 2024 doi:10.20944/preprints202407.0473.v1

3.2. Thermal reflection characteristic

3.2.1. Comparison of heat flux reflected by three bare walls and three walls with one coat of paint
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Figure 10. a Schematic diagram of heat flux test.b The heat flux reflected by a bare wall and a coated
block wall under the heat source.c Brick wall The heat flux reflected by a bare wall and a coated brick
wall under the heat source.d Heat flux reflected by the heat source on bare and coated earth walls(6
is 10°~60°).

3.2.2. The heat flux reflected by the wall after a coat of paint changes with the placement Angle of
the heat source

Figure 11 illustrates the test outcomes for the block wall, where external conditions significantly
influenced the heat flux measurements at 70° and 80°, leading to the omission of related data and
images. The experimental records show that when the indoor reflective heater is positioned at an
angle of about 10°, the heat flux reaching the wall is 0.959 mw/cm?. The highest heat flux reflection
from the block wall, occurring at angles between 10° and 20°, is 0.211 mw/cm?, giving a reflection
ratio of 0.22. For the brick wall, external conditions also heavily impacted the measurements at 70°
and 80° and thus, these data points are excluded. When the heater is at an angle of about 10°, the
incoming heat flux is 1.395 mw/cm?2. The peak reflection, observed between 10° and 20°, is 0.258
mw/cm?, resulting in a reflection ratio of 0.18. Regarding the earth wall, external test conditions at
70° and 80° similarly necessitated the omission of data and visuals. The heat flux reaching the wall
with the heater at approximately 10° is 1.199 mw/cm?. The maximum reflection, noted between 10°
and 20°, is 0.26 mw/cm?, with a reflection ratio of 0.22.
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Figure 11. Three walls after one coat of paint + wall reflection heat flux comparison of indoor reflective
heater(0 is 10°~60°, step size is 10°).

In summary, after the application of the thermal insulation coating, the heat flux reflection ratios
for the three walls are relatively similar, demonstrating a pronounced effect of the coating on heat
flux reflection. The highest reflection occurs between angles of 10° and 20° for all wall types.

3.2.3. The change in heat flux reflected by the wall for 3 consecutive days after a coat of paint is
applied

Asiillustrated in Figure 12, there is minimal variation in the heat flux reflection by the three walls
over three consecutive days. According to Table 1, the heat flux reflection ratio of the earth wall
remains consistent over time, whereas the ratios for the block and brick walls show some variation,
suggesting that the coating on the earth wall achieves a stable insulation effect more rapidly.
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Figure 12. a Heat flux reflected by the heat source for 3 consecutive days by the block wall with one
coat of paint.b Heat flux reflected by the brick wall with one coat of paint for 3 consecutive days by
the heat source.c Heat flux reflected by the earth wall with one coat of paint for 3 consecutive days by
the heat source. (0 is 10°).
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Table 1. Heat flux reflectance ratio of three walls for three consecutive days after one coat of paint (0

is 10°).

Block Brick wall Earth wall
wall

The first 0.22 0.18 0.22

day

The 0.26 0.22 0.21

second

day

The third 0.26 0.26 0.21

day

4. Conclusions

A systematic study was undertaken to examine the thermal reflection characteristics of walls
with different base materials. The application of thermal reflective coatings substantially increased
both the insulation temperature differential and the heat flux reflectivity of the walls. Composite
inorganic coatings were found to effectively diminish both the heat absorption and reflective
radiation of the walls, thereby reducing indoor energy consumption. In a comparative experiment
conducted within a room, the indoor temperature difference was observed to reach approximately
4.5°C before and after the application of the coating. Heat reflective coatings demonstrated a
pronounced effect on reflective heat flux, particularly when the 0 ranged from 10° to 20°, during
which the heat flux reflected by the wall was at its maximum. The heat flux reflectivity among the
three types of walls showed no significant differences. This coating has proven suitable for various
regions and settings, ensuring its effectiveness for long-term use.
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