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The ability of a roof to absorb heat is crucial for maintaining temperature 
stability within a room. Therefore, natural material composite coatings 
utilization offers a viable option for modern roof development. This 
research investigates how using natural stone mixed with epoxy, and 
applied as a coating on a galvalume surface, influences thermal 
conductivity and reduces room temperature. Temperature measurements 
were collected around a small room with a composite-coated roof, utilizing 
different types of rock in the composition. Thermocouples were placed 20 
cm above the roof's surface, attached to the roofing composite, positioned 
beneath the galvalume layer, and within the small room. The results 
demonstrate a reduction in thermal conductivity and room temperature 
when natural stone powder is added to the roof. Experiments using 
composite coatings with various stone types exhibit varying degrees of 
room temperature reduction. Consequently, this research concludes that 
the unique properties of natural stone can effectively lower the thermal 
conductivity of roofs and decrease room temperature. 
 
Keywords: thermal insulation coating, natural stone, composite, roof 
technology, temperature reducer, roof coating, galvalume 

 
 

1. INTRODUCTION 
 

Buildings consume approximately 40% of global energy 
and are responsible for over 30% of CO2 emissions[1-
4]. A significant portion of this energy goes to main–
taining thermal comfort within enclosed spaces, and 
cooling accounts for around 15% of electricity consum–
ption in buildings [5]. Consequently, temperature regu–
lation is paramount when constructing houses, with the 
type of roof used playing a substantial role in influ–
encing air temperature, accounting for about 70% of the 
overall impact. Innovative practices and technologies 
such as passive cooling techniques employ reflective 
and radiation processes to achieve comfortable building 
conditions using natural means to dissipate heat and 
maintain a pleasant indoor environment [6]. Further–
more, the building materials' thickness impacts the 
insulation process and energy consumption levels, thus 
affecting optimization [7,8]. 

In Indonesia, metal roofs are widely used despite 
numerous drawbacks, including elevated room tempera–
tures beneath them due to the metal's high thermal 
conductivity [9]. Research conducted in Ecuador has 
demonstrated that metal roofs lead to excessive heat 
buildup in the space below [10]. 

The increasing number of residents has led to rising 
demand for cooling, with air conditioners being a 
popular choice for temperature control [11-14]. 

However, the widespread use of air conditioners 
contributes to higher electricity consumption, which is 
still generated by burning fossil fuels. The overall effect 
is exacerbating global warming and leading to human 
discomfort and health issues [15]. Addressing these 
challenges demands technological solutions, particularly 
in the form of roof coatings. Implementing coatings that 
effectively reduce roof temperatures, especially during 
summer, can be an effective strategy [16,17]. Cool-
roofing technology, characterized by high solar 
reflectance, has proven to be efficient in reducing 
cooling loads and improving the energy balance of 
buildings throughout the cooling season [15,18-22]. 
Composites, particularly those incorporating ceramics, 
can significantly lower thermal conductivity [23-28]. 

Using natural materials in composites requires the 
usage of an adhesive such as epoxy. Epoxy exhibits 
versatile characteristics and is suitable for surface 
coatings and adhesives when combined with other 
materials to create composites for many applications. 
Epoxy, when used as a resin, along with natural fiber 
materials, can be employed in composites catering to 
thermal, mechanical, and electrical requirements [29-
31]. Additionally, epoxy's inclusion in the composite 
can enhance its mechanical properties [32]. Another 
natural material frequently used for its heat-insulating 
properties is natural stone. Natural stone finds extensive 
use in buildings, contributing to aesthetic appeal and 
thermal comfort [33,34]. 

Furthermore, natural stones possess the ability to 
store heat [35]. Metal roof (galvalume) usage in a 
building's roofing system impacts the necessity for 
cooling systems and enhances comfort levels by 
reducing the room temperature. Various methods, like 
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roof coatings application, can minimize heat transfer 
through the roof [36]. 

Composite materials, particularly those incorpo–
rating ceramics, can significantly lower thermal con–
ductivity [37,38]. Using natural materials in composites 
requires the usage of an adhesive (epoxy) to bond the 
raw materials to the galvalume sheet. Epoxy, when used 
as a resin, along with natural fiber materials, can be 
employed in composites catering to thermal, mecha–
nical, and electrical requirements [29,39]. Additionally, 
epoxy's inclusion in the composite can enhance its 
mechanical properties [32]. 

Another natural material frequently used for its heat-
insulating properties is natural stone. Natural stone finds 
extensive use in buildings, contributing to aesthetic 
appeal and thermal comfort [33,40,41]. Furthermore, 
natural stones possess the ability to store heat [35]. 
Metal roof (galvalume) usage in a building's roofing 
system impacts the necessity for cooling systems and 
enhances comfort levels by reducing the room tempe–
rature. Various methods, like roof coatings application, 
can minimize heat transfer through the roof [36,42].  

Based on extensive literature research and the 
observed impact of galvalume roofs on increasing 
indoor temperatures and the underutilization of natural 
stone, there is a clear need for innovation in coating 
galvalume roofs with natural stone powder composites. 
This premise raises questions about the composite 
addition's influence on the galvalume roof's thermal 
conductivity and its ability to reduce the temperature of 
the underneath room. Previous research has revealed 
many published papers on coating roofs of buildings 
with paint, using non-metallic materials, or studying the 
ability of pure silicon powder to retain heat. While in 
this research, we try to utilize the existing natural stone 
available abundantly in Indonesia. 

 
2. THE COMPOSITE ROOF DESIGNS  

2.1 Mechanism of heat transfer of the composite 
roof system  

 
Heat transfer occurs within a composite roof through the 
constituent materials, with various transfer mechanisms 
on the top of the building, such as conduction and 
radiation. Figure 1 provides a more detailed illustration 
of these processes. 

Heat transfer within a composite roof occurs at both 
the top and bottom. The top surface experiences radiant 
heat transfer and convection heat transfer. The formula 
representing this is written as: 

. . .Qs Qrad out Qconv out Qcond     (1) 

Qs represents the radiative heat from the sun, 
Qrad.out represents the radiation reflected from the top 
of the roof layer, and Qconv.out is the convection heat 
transfer from the top of the roof (in watts, W). 
Additionally, Qcond refers to the conduction heat 
transfer that occurs downwards through the roof. On the 
other hand, the heat transmitted to the underside of the 
roof occurs primarily through conduction heat transfer, 
which strongly relies on the thermal conductivity of the 
roofing material. Therefore, one can compute the heat 
transferred into the room as follows: 

. . .Qcond Qrad in Qconv in Qve            (2) 

Qcond represents the conduction heat transfer within 
the composite layer of the roof and galvalume (in watts, 
W). Qrad.in refers to the radiant heat transfer into the 
room (in W), Qconv.in represents the convection heat 
transfer into the room (in W), and Qve is the heat 
transfer that occurs through the air vent (in W) [36]. 
By referring to equations 1 and 2, it is evident that 
Qcond is a type of heat transfer that significantly 
impacts the temperature within the room under the roof. 
The idea is to reduce heat transfer by utilizing a roofing 
material with low thermal conductivity for the top layer.

 
Figure 1. Mechanism of heat transfer of composite roof 
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Hence, to appropriately address the heat-related 
issues on the roof and ceiling, it is advisable to apply a 
coating that can effectively reduce the roof's thermal 
conduc–tivity [36]. 

 
2.2 Composite Thermal Insulation Coating (CTIC)  

 
Composites are versatile materials offering several 
advantages, including their thermal insulating pro–
perties. Their low thermal conductivity [43] and struc–
tural strength make them ideal materials for effective 
thermal insulation. They are particularly suitable for 
thermal insulation coatings (TIC) on building roofs, and 
their use can significantly reduce heat transmission into 
the space below. Heat transfer reduction, in turn, also 
decreases the use of cooling energy, making layered 
roofs with heat-reducing properties highly effective in 
enhancing energy efficiency and comfort within 
buildings [44]. Therefore, it is crucial to consider the 
thermal conductivity properties of roofing materials, as 
the material composition determines the thermal 
characteristics. Moreover, variations in materials can 
result in different coating colors, influencing the levels 
of sunlight absorption and reflection [45,46]. 
Consequently, all heat transfer mechanisms, including 
conduction, convection, and radiation, are influenced by 
the properties of the roofing material. 

 
3. MATERIALS AND METHODS 

 
3.1 Experimental Models 

 
The experiment was conducted over sixteen days, 
specifically in May and June 2022, between 11:00 a.m. 
and 1:00 p.m., under hot weather conditions in Malang 
City (Latitude: -7° 58' 46.92" S & Longitude: 112° 37' 
49.44" E), East Java province, Indonesia. 

The process started by sorting the natural stone 
material by size using a rotary shaker. The largest stones 
remained at the top, while the smaller ones fell to the 
bottom, following a cascading effect. Subsequently, 
portions of the so-obtained natural stone powder have 
been tested to determine their composition and identify 
the constituent materials present in the rock. 
Additionally, testing was conducted on the galvalume 
sheet used, assessing the base level of constituent 
materials' thermal conductivity. Composition analysis 
was performed via X-Ray Fluorescence (XRF) testing, 
and the resulting data allowed us to identify the five 
larger material components that would impact the 
thermal conductivity level of the materials. 

Subsequently, we created some specimens for 
running thermal conductivity tests with a coating 
composition based on predetermined parameters. The 
chosen specimens' dimensions are per the requirements 
of the testing equipment, which was a device equipped 
with 12 thermocouples measuring the heat rate 
propagation. After applying the composite coating onto 
the galvalume roofing sheet, several photos were taken 
to assess the even deposition of the composite material's 
layer on the roof and to address any color discrepancies 
resulting from the different types of natural stone 
material's application. 

Six identical miniature rooms (box in the following) 
were constructed as part of the experiment. Box A served 
as the reference box, consisting of a box with a galvalume 
roof without any coating. Box B was coated with epoxy. 
Boxes C-F were composite-coated galvalu–me-roof-
boxes. The composite material was made of a mixture of 
natural stone powder and epoxy for the first test (C) and 
different powder dimensions for the second test (D). 

 

 
Figure 2. Experiment box 

Each box was wood-made, had dimensions of 500 x 
500 mm², and was provided with thermocouples at the 
following measurement points (a) 200mm above the 
roof, (b) on top of the roof or composite, (c) beneath the 
galvalume sheet, and (d) at a height of 100mm from the 
floor, for measuring the room's temperature. 

The research focused on utilizing the four natural 
stones, namely, calcite, dolomite, andesite, and temple. 
The powder dimensions ranged from 0.05mm to 0.630 
mm. The composition of epoxy and natural stones used 
was 50%:50%. 

 
Figure 3. Experiment tools (temperature data mining) 
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The specimens (composite roofs) are fabricated 
using the hand layup method. Epoxy A is mixed with a 
hardener in a 2:1 ratio (100 grams epoxy:50 grams 
hardener) - manufactured by PT Justus Kimiaraya. 

Table 1. Epoch on epoxy resin specification 

Properties Value Unit 
Viscosity (at 25oC) 13.000±2000 mPa.s 

Epoxy number 22.7±0.6 % 
Epoxy equivalent 189±5 g/equiv. 

Epoxy value 0.53±0.01 equiv./100g 
Total chlorine content <0.2 % 
Hydrolyzable chlorine 

content 
<0.05 

% 
Color according to the 

Gardner scale 
<1 

 
Density at 25oC 1.17+-0.01 g/cm3 

Refractive index at 
25oC 

1.572±0.003 
 

Volatile content at 3 h, 
140oC 

<0.2 
% 

Vapor Pressure at 
80oC 

<0.1 
mbar 

Flashpoint, according 
to DIN 51584 

>250 oC 

Table 2. Hardener of epoch on epoxy resin characteristics 

Properties Value Unit 
Viscosity (at 25oC) 0.5-1.0 poise 
Active Hydrogen 

Equivalent Weight 
22.7±0.6 g/equiv. 

Amine Value 189±5 mg KOH/g 
Color according to the 

Gardner scale 
0.53±0.01 Gardner 

Density at 25oC 1.17±0.01 g/cm3 
   

 
Figure 4. Schematic view of the roof manufacturing 
process.  

Natural stone grains are added to the resin mixture in a 
1:1 ratio (150 grams stone:150 grams resin). The 
mixture is stirred in a mixer at 942 rpm for 300 seconds. 
Subsequently, it is poured onto the mold-prepared 
galvalume sheet and brushed evenly to cover the entire 
surface. The coating is then left to dry. The thickness of 
the composite roof is in the range of 0.7-0.8 mm. 
 
3.2 Measurement Devices 
 
To ensure the accuracy of the collected data, the thermal 
conductivity values are measured using a thermal con–
ductivity testing instrument provided by Tokyo Meter 
Co. Ltd. 

Table 3. Thermal Conductivity Measuring Apparatus 
Specifications 

Specifications 
Manufacturer Tokyo Meter Co. LTD. 

Model VS-40-200SF 
Specimen Material All Solid Materials 

Specimen Dimension 40mm Dia. X 4mm 

Standard disc (S) 
40 mm Dia. (Copper or Copper 

Alloy) 
Temperature Gradient Set Device 

Immersion electric 
heater 

1500W 

Max Temperature 200oC 
Thermometer 

(Digital Indicator) 
0-199.9oC 

Insulator Glass wool 
Thermo detector C.A thermocouple 
Thermo detector 

accurate 
0.1oC 

Low Temp source Chill water bath 
Automatic 

temperature 
controller 

ON-OFF Controller, Magnetic 
power relay 

 
 The apparatus consists of twelve thermocouples, 

with six sensors positioned on the top of the specimen 
and the remaining six on its bottom. Additionally, to 
verify the temperature values recorded by the 
thermocouples above the roof, tests are conducted at 
different time intervals using a thermal imager. 

 
Figure 5. Thermal conductivity measuring apparatus. 

The coated galvalume specimens were tested using 
wooden equipment measuring 500 x 500 x 500 mm. The 
equipment incorporated ventilation according to the 
guidelines outlined in Regulation of the Minister of 
Health of the Republic of Indonesia Number 1077 of 
2011, which specified a ventilation requirement of 20% 
of the floor area. Two vents measuring 100 x 250 mm 
ensured the required ventilation, as illustrated in Figure 
2. Figure 3 shows the tools utilized in this study. The 
specimens were positioned on the test equipment, and 
thermocouples were installed to measure the 
environment temperature and the temperature of roof 
coating, galvalume roof, and room indoor. 
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Figure 6. Schematic view of experimental 

To ensure the correctness of the temperature rea–
dings provided by the thermocouples set above the roof, 
we conducted additional tests at various times using a 
thermal imager. Moreover, measurements of solar radi–
ation and wind speed through a solar power meter and 
an anemometer ensured heat conditions consistency 
during the tests. These measurements allowed us to 
collect temperature data on the composite-coated and 
the non-coated roofs. Figure 7 illustrates the process of 
data acquisition. 

 
Figure 7. Taking thermal imaging photos  

3.3 Evaluation of thermal performance 
 

Multiple indicators are employed to evaluate the impact 
and advantages of composite coating on galvalume roofs. 
Roof types B, C, D, E, and F are compared with the 
reference roof, A, which consists of an uncoated gal-
valume sheet. The indicators considered are: (i) Effect of 
composition on the material: Analysing the influence of 
the composite coating's composition on the material pro-
perties. (ii) Roof color after composite coating: Assessing 
the color variation of the roof surface following the 
application of the composite coating. (iii) Thermal 
conductivity: Measuring the ability of the composite-
coated and the uncoated galvalume roof to conduct heat. 
(iv) Roof heat difference using thermal imaging: Utilizing 
thermal imaging techniques to detect variations in heat 
distribution between the composite-coated roofs and the 
uncoated galvalume roof. (v) Room temperature 
difference: Comparing the temperature variations 
between the rooms with the composite-coated roofs and 
the reference room with the uncoated galvalume roof. 

 Data collection was conducted using DS18B20 
temperature sensors integrated with the Arduino system. 

Each miniature box was equipped with four sensors 
placed at different locations to measure the temperature 
above, directly above, and below the roof, as well as the 
temperature in the room at 400mm from the roof. The 
data from all six miniature boxes were simultaneously 

tested to ensure real-time observation of any tempe–
rature differences. 

Table 4.DS18B20 Sensor Specifications 

Properties Value 
Model DS18B20 

Specimen Material 189±5 

Operating Temperature Range 
-55oC to 25oC  

(-67oF to 257oF) 
Temperature accuracy  0.5oC 
Power supply range 3.0V-5.5V 

 
4. RESULT AND DISCUSSION 
 
As previously mentioned, this research was conducted 
during the hottest time of the day in the tropical region. 
To ensure reliable and predictable results, each data 
collection process included a miniature box with a roof 
that lacked a composite layer, serving as a reference. 
This approach mitigates the potential impact of fluc–
tuations in solar radiation, as any increase or decrease 
would affect both the experimental and reference mini–
ature boxes, enabling real-time data comparison. Addi–
tionally, we have tested various materials to examine 
the impact of their composition on sunlight absorption 
and reflection. Consequently, the results of the coatings 
producing specific colors were also analyzed, as they 
influence the levels of absorption and reflection.  

Heat transfer involves various physical mechanisms, 
such as radiation from sunlight and convection, the 
latter associated with mass transfer. Additionally, 
conduction is another heat transfer mechanism that 
occurs through solid materials. To assess the impact of 
conduction heat transfer, a thermal conductivity test is 
conducted to determine its magnitude. 
  
4.1 Material composition analysis 

 
In general, each type of natural stone possesses a 
distinct composition of constituent materials, which 
impacts its thermal conductivity [47-48]; as a result, 
different natural stone powders for thermal insulation 
will yield varying results in terms of room temperature. 
 Table 2 shows the elemental composition of the 
four natural stones used in the study, ranging from 
calcite, dolomite andesite, marble, and temple stones. 
The design of materials could be used as the basis of 
thermal conductivity value. 
 When viewed from the composition test carried 
out, the onyx stone contains a relatively high element of 
calcium (Ca), which is 96.93%, while marble includes 
an aspect of calcium (Ca) of 94.41%. From these data, it 
can be concluded that the role of calcium (Ca) is very 
influential in decreasing room temperature. At the same 
time, the dominant elements in andesite and temple 
stones are elements of calcium (Ca), silicon (Si), and 
iron (Fe). Andesite has elements of 20.5% (Ca), 28.6% 
(Si), and 34.5% (Fe). At the same time, the temple stone 
has features of 23.4% (Ca), 36.7% (Si), and 20.4% (Fe). 
The presence of silica material is capable of being used 
as a building roof coating. Silica powder also has 
excellent thermal insulation ability [49-57]. 

 The design of materials can serve as a basis for 
determining thermal conductivity values, as the increase 
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or decrease in thermal conductivity properties often 
corresponds to similar changes in electrical conductivity 
for most materials. Applying a silicon coating to the 
galvalume roof can effectively reduce roof temperature 
due to the unique characteristics of silicon as a semi–
conductor material silicon is widely used for thermal 
insulation purposes [58], as natural materials with semi–
conducting properties can reduce the heat flow rate. 
When heating occurs within the composite layer, the raw 
materials will react accordingly. Semiconductor materials 
like silicon (Si) change their thermal energy content as 
they exhibit localized temperature behavior, leading to a 
reduced temperature distribution [59]. Adding silicon to 
the material composition results in a smaller thermal 
conductivity[60-61]. So that heat from the sun is not 
propagated into the room under the roof. The results of 
the composition test can be seen in Figure 5. 

 
4.2 Macroscopic picture analysis of different natural 

stones type 
 

In addition to influencing the level of thermal 
conductivity, the composition of the material also 
impacts the color of the composite being created. The 
color, in turn, affects the ability to reflect sunlight. 
Various types of solar radiation, including UV, visible 
(Vis), and near-infrared (NIR) radiation, can be 
reflected. White is the most effective color for reflecting 
NIR radiation, and this reflection helps to maintain a 
cooler temperature in the room when exposed to the 
sun's heat. On the other hand, the visible region of light 
will be absorbed by the white pigment [62]. Visual 
analysis of macroscopic photos of natural stone coating 
specimens was performed to observe the variations in 
the coatings of each natural stone. 

Figure 8 above depicts a photograph of a coating 
specimen featuring various types of natural stone on a 
galvalume roof. The six specimen images reveal distinct 
colors and characteristics for each stone. In images a, b, 
and c, bright colors are evident, indicating a significant 
amount of sunlight reflection on the roof. On the other 
hand, image d, which depicts a mixture of dolomite and 
epoxy, displays a brown color, suggesting less light 
reflection compared to images a, b, and c. The 
remaining two roof types, coated with andesite powder 
and temple stone with epoxy, appear black, indicating a 
minimal amount of reflected sunlight. Consequently, the 
temperature levels experienced by the six roof types 
differ based on their coating colors. Additionally, the 
color difference affects the emissivity value of the 
object's surface, impacting the surface radiation level. 
This value plays a role in determining the external and 
internal heat flux of the coated material [63]. It is 
important to note that bright colors significantly 
influence the microclimate above the roof, as they 
reflect more light upward [48].  

 

 

 
Figure 8. Macroscopic pictures of (a) GR; (b) GRCE; (c) 
GRCC; (d) GRCD; (e) GRCA; (f) GRCT   

This research also captured data using a thermal 
imager at minutes 4 and 16. The collected data is as 
follows: 

 

 

 
Figure 9. Roof thermal level after 4 minutes; (a) GR; (b) 
GRCE; (c) GRCC; (d) GRCD; (e) GRCA; (f) GRCT   

a b 

c d 

e f 

a b 

c d 

e f 
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Figure 10. Roof thermal level after 16 minutes; (a) GR; (b) 
GRCE; (c) GRCC; (d) GRCD; (e) GRCA; (f) GRCT   

The thermal imager works by converting infrared 
into an electrical signal where every object can emit 
infrared radiation. The hotter an object, the more 
infrared radiation, so the thermal imager is able to 
recognize the temperature of an object by capturing the 
amount of infrared emitted by the object. 

Infrared thermography is to convert invisible heat 
energy into visual, thermal images so that the heat 
energy emitted from the surface of objects can be seen 
[64]. But the drawback of the thermal imager is that it is 
only able to detect the surface of solid and liquid 
objects, but not gaseous substances, so from the point 
obtained, only the roof can be used as a benchmark for 
temperatures that the thermal imager can detect. From 
the incoming data, it is found that the lowest tem–
perature on the roof is obtained on a roof with only 
epoxy coating, which is very reasonable because the 
epoxy is clear like glass so that the heat that hits it will 
be reflected as much as possible so that the absorption 
level is small [65]. 

Coatings using the reflection method are divided 
into two types, namely solar heat (near infrared) ref–
lecting coating and thermal infrared reflecting coating. 

A solar heat-reflecting coating reduces heating by 
reflecting solar radiation and preventing solar energy 
from being absorbed on the material's surface. The hig–
hest reflection process occurs on objects with white 
covers coated with transparent pigments. However, this 
type of coating is unable to absorb infrared radiation 
effectively. Infrared radiation can only penetrate the 
first layer and cannot pass through subsequent layers of 
material [65]. On the other hand, thermal infrared ref–
lecting coatings are specifically designed to minimize 
thermal emissions and reflect thermal infrared radiation. 
In this context, aluminum is known for its high ref–
lective strength [65]. 

Table 5. Thermal Imager Specifications 

Tool Specifications 

Manufacturer 
HuangzhouMicroimage 

Software Co., Ltd. 
Model HM-TP52-3AQF/W-B20 

Digital Resolution 1600x1200 (2MP) 
Image Modes Thermal/Optical/Fusion/PIP 

Measurement Presets 
Center spot, Hot spot, Cold 

spot,  User preset point 
FOV 37.2o x 50.0o 

Thermal sensitivity 
(NETD) 

<40mK,  

Spatial resolution (IFOM) 3.3 mrad 
accuracy +-2oC 

Protection level IP54 
 

When the galvalume roof is coated solely with 
epoxy or calcite and dolomite layers, the upper 
temperature does not differ significantly from the roof's 
one due to epoxy being a transparent material, which 
allows sunlight to penetrate the surface of the galvalume 
metal. Although calcite and dolomite have energy 
absorption capabilities, their bright white and brown 
colors result in significant reflections, which lead to a 
roof's surface temperature being nearly identical to the 
galvalume metal's value. A notable contrast arises when 
the composite layer incorporates andesite and temple 
stone materials. 

 
4.3 Thermal conductivity analysis of different 

natural stone powder 
 

The thermal conductivity of materials used in building 
construction is a critical parameter that affects indoor 
temperature, comfort, and energy conservation [66]. In 
addition to being influenced by air humidity, the 
thermal conductivity value of materials directly impacts 
the indoor temperature. Therefore, selecting materials 
with appropriate thermal conductivity levels is crucial in 
determining the energy required for cooling purposes, 
ultimately affecting electricity consumption[67]. Varia–
tions in rock composition will lead to differences in 
mechanical properties, such as thermal conductivity, 
and their suitability for thermal insulation purposes. 
When used for thermal insulation of a building roof, 
they yield varying outcomes in terms of room tem–
perature [68]. 

Table 6 presents the thermal conductivity test results 
for various specimens, including galvalume and natural 
stone coatings. The thermal conductivity values are as 
follows: galvalume - 9.39 (W/m�), epoxy-coated 

a b 

c d 

e f 
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galvalume - 6.66 (W/m�), marble stone coating - 5.60 
(W/m�), onyx stone coating - 3.98 (W/m�), andesite 
stone coating - 2.68 (W/m�), and temple stone coating - 
1.46 (W/m�). 

Table 6. Roof type and thermal conductivity 

roof type thermal conductivity (W/moC) 
A 9.391 
B 6.662 
C 5.599 
D 3.978 
E 2.677 
F 1.455 

 
This finding demonstrates that galvalume has the 

highest thermal conductivity value. On the other hand, 
marble exhibits a higher thermal conductivity value 
compared to andesite. In contrast, the onyx stone has a 
lower thermal conductivity value than marble due to its 
lower iron (Fe) composition. Similarly, the temple stone 

possesses a low thermal conductivity value due to its 
higher silicon (Si) content and lower iron (Fe) content 
compared to andesite. The findings reveal that the 
temple stone exhibits the lowest thermal conductivity 
level, which is predominantly influenced by its compo–
sition consisting of 36.7% silicon. Due to their semi–
conductor properties, natural materials can reduce the 
heat flow rate. When heating takes place within the 
composite layer, the raw materials will undergo reac–
tions. Certain materials, such as semiconductors like 
silicon (Si), can alter the heat energy transfer due to 
their localized temperature behavior, resulting in a 
reduced temperature distribution [59]. By adding silicon 
to the composite, the material's thermal conductivity 
decreases, preventing the propagation of solar heat into 
the room beneath the roof [59]. The addition of silicon 
will reduce the thermal conductivity of the material 
[29,69] so that heat from the sun is not propagated into 
the room under the roof, as seen in Figure 5. 

Table 7. Description of roof layer used in the experimental work 

Roof Type Materials Description 

A Galvalume Sheet 

3mm galvalume sheet; material compounds: Al 21%; Si 
0,3%; P 0,2%; Ca 0,13%; Cr 0,13%; Mn 0,29%; Fe 
62,73%; Ni 0,0066%; Zn 14,2%; Br 0,32%; Y 1%; 

La0,01%; Yb0,06%. 

B Galvalume Sheet, Coated epoxy 

Galvalume sheet similar with Type A, coated by mixing 
Epoxy and hardener type EPH 556. The epoxy mixture is 
layered 2mm over the galvalume layer evenly and left to 

dry. 

C 
Galvalume Sheet, Coated epoxy mixing 

with calcite powders 

Galvalume sheet is like Type A; the coating type contains 
calcyte stone powders (0.05-0.10mm), and epoxy with 

ratios of 80% and 20%, whose composite layers thickness is 
2mm. 

D 
Galvalume Sheet, Coated epoxy mixing 

with dolomite powders 

Galvalume sheet is like Type A; the coating type contains 
dolomyte stone powders (0.05-0.10mm), and epoxy with 

ratios of 80% and 20%, whose composite layers thickness is 
2mm. 

E 
Galvalume Sheet, Coated epoxy mixing 

with andesite stone powders 

Galvalume sheet is like Type A; the coating type contains 
andhesyte stone powders (0.05-0.10mm), and epoxy with 

ratios of 80% and 20%, whose composite layers thickness is 
2mm. 

F 
Galvalume Sheet, Coated epoxy mixing 

with temple stone powders 

Galvalume sheet is like Type A; the coating type contains 
temple stone powders (0.05-0.10mm), and epoxy with 

ratios of 80% and 20%, whose composite layers thickness is 
2mm. 

Table 8. Composition of each material 

material type Galvalume % Calcite % Dolomite % Andesite % Temple Stone % 

composition  
 

Zn 52.2 Ca 96.93 Ca 94.41 Fe 34.5 Si 36.7 
Fe 22.8 Fe 1.28 Fe 2.51 Si 28.6 Ca 23.4 
Al 17 Sr 0.67 Si 1.2 Al 9.1 Fe 20.4 
Ag 3.1 Yb 0.49 Al 0.88 K 2.34 Al 11 
Y 3 Mo 0.34 Mo 0.49 Ti 2.19 K 4.19 

Table 9. Sensor placement and function 

Symbol Sensor Position Function 

a 200mm above roof 
measures the air temperature above the roof caused by direct sunlight or 

reflected sunlight hitting the roof 

b stuck on the roof 
measures the temperature of the upper surface of the layer caused by direct 

sunlight. 
c stuck under the roof measure the temperature under the roof caused by the conduction process 

d 100mm above the floor 
measures the temperature that represents the room temperature, where the 

most suitable position where the occupants are in general is at the bottom of 
the room 
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4.4 Thermal level analysis 
 

The thermal analysis consisted in retrieving data over 10 
minutes using four temperature sensors. The collected 
averaged multiple data points were used to generate the 
plots shown in Fig. 7, enabling a comparison of the 
recorded temperatures on the computer.  

The roof temperature of the calcite powder mixture 
is slightly lower than that of the epoxy coating. This 
finding can be due to the higher calcium composition in 
calcite, which results in lower thermal conductivity and 
increased heat absorption, thereby reducing light reflec–
tion. In the case of the dolomite mixture (roof D), the 
temperature is lower than that of the calcite mixture due 
to its yellow-brown color, which reduces brightness and 
light reflection. Consequently, the heat 20cm above the 
roof is also lower than in roof C.  

 

 

 

 
Figure 11. Roof type and average thermal level; (a) Black 
Square – ATAR; (b) Red Circle - ATSAR (c) Blue up triangle 
– ATUSR; (d) Green down triangle - ATR 

In Figure 5b, the temperature depends upon several 
factors, such as Qs, Qrad.out, Qconv.out, Qve, and 
possibly Qcond. The presence of calcium-based mate–
rials and added silicon in the composite significantly 
contributes to heat absorption. In Figure 5c, the 
temperature recorded by the sensor placed below the 
roof is typically lower in the presence of a layer of 
natural stone powder. This finding can depend on the 
stabilizing effect of natural stone with its diverse 
compositions, particularly when andesite powder and 
temple stones are used. In Figure 5d, the addition of a 
composite layer of natural stone powder results in a 
lower temperature compared to a galvalume roof 
without coating. This result indicates that the compo–
site's top layer, consisting of a mixture of natural stones, 
inhibits heat conduction, as evidenced by smaller 
thermal conductivity and temperature differences above 
and below the roof. 

 
5. CONCLUSION 

 
This study provides valuable insights into composite 
coatings usage on galvalume roofs by leveraging the 
inherent properties of natural stones to reduce thermal 
conductivity. The research suggests the following 
conclusions: 

- The composition of natural stones has a direct 
impact on thermal conductivity. The presence of natural 
stone powder on the galvalume roof layer influences the 
heat transfer conduction mechanism on the top surface. 
Higher semiconductor content, such as Si, in the natural 
stone composite leads to lower thermal conductivity. 
Semiconductors exhibit localized temperature behavior 
and reduce temperature distribution. 

- Si content plays a significant role in temperature 
reduction when applied as a coating on a galvalume 
roof. Increased Si content results in a more pronounced 
temperature drop due to reduced heat flow rate. Si's 
localized temperature behavior helps in minimizing 
temperature distribution during heating. 

- Applying a layer of natural stone composite with 
low thermal conductivity can effectively reduce heat 
transfer through conduction on the roof, thereby 
lowering heat transfer into the room. 

c 

b 

a 

d 



466 ▪ VOL. 51, No 4, 2023 FME Transactions
 

For thermal comfort in a room that has a galvalume 
roof, the addition of natural stone powder impacts the 
thermal conductivity, offering a reduction of air tempe–
rature as a thermal comfort parameter. This research 
aims to encourage readers and future researchers to in–
vestigate further the use of natural stone powder to re–
duce room temperature and decrease energy consum–
ption for cooling purposes during the summer season. 
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NOMENCLATURE 

TIC Thermal Insulation Coating 
GR Galvalume roof 
GRCE Galvalume roof-coated epoxy 
GRCC GRCE and calcite stone powder 
GRCD GRCE and dolomite stone powder 
GRCA GRCE and andesite stone powder 
GRCT GRCE and temple stone powder. 
ATAR Average Temperature at 200 mm Above the 

Roof 
ATSAR Average Temperature above (stick on) the 

roof or composite 
ATUSR Average Temperature under the (stick-on) 

roof 
ART Average Room Temperature – at 400 mm 

under the roof 

Symbols 

Qs Sun heat radiation [W] 
Qrad. out Radiative heat reflected from the top of the 

roof [W] 
Qcov. out Convective heat transfer from the top of the 

roof [W] 
Qcond. Conductive heat transfer of roof [W] 
Qrad. in Radiative heat transfer to inside the box 

[W] 
Qcov. in Convective heat transfer to underneath the 

box [W] 
Qve Heat transfer due to ventilation [W] 
k Thermal Conductivity [W/m.K] 

 

 
ТЕРМОИЗОЛАЦИОНИ ПРЕМАЗ 

КОРИШЋЕЊЕМ ПРИРОДНОГ КАМЕНА У 
ПРАХУ И ЕПОКСИДНОГ КОМПОЗИТА ЗА 

СМАЊЕЊЕ СОБНЕ ТЕМПЕРАТУРЕ 
 

Р. Бинтарто, А. Пуровидодо, Т.Д. Видодо,  
М. Талиће, Ђ.Б. Дармади 

 
Способност крова да апсорбује топлоту је кључна за 
одржавање температурне стабилности у просторији. 
Стога, коришћење композитних премаза од природ–
них материјала нуди одрживу опцију за савремени 
развој кровова. Ово истраживање истражује како 
коришћење природног камена помешаног са епок–
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сидом и нанешеног као премаза на површини од гал-
валума утиче на топлотну проводљивост и смањује 
собну температуру. Мерења температуре су прикуп-
љена око мале просторије са кровом обло–женим 
композитом, користећи различите врсте стена у ком-
позицији. Термопарови су постављени 20 цм изнад 
површине крова, причвршћени за кровни композит, 
позиционирани испод слоја галва–лума и унутар 
мале просторије. Резултати показују смањење топ-

лотне проводљивости и собне темпе–ратуре када се 
на кров дода прах природног камена. Експерименти 
са композитним премазима са различитим врстама 
камена показују различите степене смањења собне 
температуре. Сходно томе, ово истраживање 
закључује да јединствена својства природног камена 
могу ефикасно смањити топлотну проводљивост 
кровова и смањити собну температуру. 

 
  

 

 

 

 

 


