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Abstract 

This research focuses on the characteristics provided by the composite layer applied to galvalume 

roof as a coating with the addition of seashell waste when subjected to temperature. Galvalume roof 

has a significant drawback where heat penetrates the house, causing discomfort. The primary 

objective of this study is to determine the characteristics of the seashell waste addition on the 

composite layer when exposed to heat. This research is using a true experimental method with 

graphic analysis, including galvalume specimens, 100% resin, weight fraction between the seashell 

waste and the composite layers 20%:80%, 30%:70%, 40%:60%, and 50%:50%. The results obtained 

from the research show that seashell waste has a major content of CaCO3 at 95,44%. Thermal 

conductivity testing reveals that the galvalume specimen has a thermal conductivity of 9,391 

W/m°C, while 50%:50% has 0,24 W/m°C. In the temperature testing, it was found that the 50%:50% 

specimen has the ability to suppress the temperature by 5,49 °C compared to the galvalume 

specimen. 

 

INTRODUCTION  

The issue arising from the consumption of shell waste remains unresolved to date, particularly in Indonesia, 

where a significant portion of the waste is either dumped or only a small fraction is reused for other purposes 

such as fertilizer and handicrafts. The reuse of shell waste is limited, given that the majority of this waste is 

simply discarded. Accumulation of seashell waste on coastal areas becomes a breeding ground for bacteria, 

negatively impacting the surrounding communities. Illegal dumping of seashell waste into open waters and 

vacant coastal lands leads to foul odors due to the decomposition of remaining flesh in the shells and microbial 

degradation of salts into gases such as Hydrogen Sulfide (H2S), Ammonia (NH3), and Amines (Yoon et al., 

2004).  

With the development of this era, an increasing number of people are using galvalume roof as the top cover for 

houses, replacing asbestos roofs that have lower strength than galvalume. In addition, galvalume steel also has 

the advantage of higher strength and is lightweight and corrosion-resistant. However, behind these advantages, 

galvalum steel roofs have high thermal conductivity, causing the temperature beneath them to be high 

(Kurniawati, 1999). The heat generated by galvalume roofing significantly affects thermal comfort and human 

activities in a room, which essentially seeks a comfortable condition for activities. Generally, people spend the 

majority of their time engaging in activities indoors or within buildings (more than 90%) (Lee & Chang, 2000). 

For this reason, thermal comfort becomes a crucial aspect in the construction of a building to ensure the well-

being and health of the building occupants. Indonesia, being one of the tropical countries with high air humidity 

reaching up to 80% and high air temperatures that can reach 35 °C (Talarosha, 2009), These climatic conditions 

lead to significant solar heat gain through the building envelope, especially through the roof, which is the most 

exposed surface to direct sunlight. Therefore, to achieve the desired thermal comfort, control or adaptive 
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measures need to be taken by the occupants, one of which is addressing the parts of the building directly 

exposed to solar radiation to minimize high air temperatures (Santoso, 2012). One way is to modify the 

technology of the roof, as the roof is fundamentally the most exposed part of a building to sunlight, especially 

in residential buildings, thus influencing indoor comfort (Bauer et al., 2010).  

The mechanism of heat transfer, particularly via conduction, plays a significant role in determining the thermal 

behavior of roofing materials. Galvalume, as a metallic material, possesses high thermal conductivity, which 

facilitates the rapid transmission of heat from solar radiation into the building interior. This process adheres to 

Fourier’s Law of heat conduction, expressed as: 

𝑄 =  
𝑘𝐴∆𝑇

𝑑
 

where Q denotes the amount of heat transferred, k is the thermal conductivity of the material, A is the cross-

sectional area through which heat is transferred, ΔT is the temperature difference across the material, and d is 

its thickness (Holman, 2010). A material with lower thermal conductivity (k) serves as a more effective 

insulator, thereby minimizing the heat flow into the indoor environment. Consequently, the application of low-

conductivity coatings can substantially improve thermal comfort by reducing the heat absorbed through the 

roof. 

Based on these issues, there is a need for an environmentally friendly technology, namely in the form of cool 

roofing, which has been proven to effectively reduce the temperature of the space beneath it (Rahmani et al., 

2021). From this technology, an innovation emerges, namely using a coating method with composite materials 

to reduce excessive heat absorption on galvalum roofing. One element that can be used as a filler in this 

composite is calcium carbonate (CaCO3), which can enhance the thermal stability of the composite (Swain et 

al., 2014). The calcium carbonate element is one of the main components forming shells in seashells. Based on 

X-Ray Fluorescence testing, it was found that the composition of shells consists predominantly of CaO at 94% 

(Fombuena et al., 2014). The use of seashell waste is also supported by its abundant and easily accessible 

availability. Therefore, its utilization can be employed as a roof insulation material to reduce heat absorbed by 

galvalume roofing 

With thermal conductivity ranging from 0.1 to 0.5 W/m°C (Zhao et al., 2022), Epoxy has the potential as a 

coating matrix on the roof that can reduce room temperature, supported by fillers that contribute to temperature 

reduction properties. Epoxy also possesses other advantages, such as chemical resistance and low shrinkage 

during the curing process, making it highly useful for coating applications. Additionally, it offers other benefits 

such as high tensile strength (Mousavi et al., 2022), making epoxy an excellent matrix for coating on the roof. 

Therefore, this research aims to understand the characteristics of the heat-absorbing composite layer reinforced 

with seashell waste concerning temperature. It also aims to explore the transformative potential of the seashell-

epoxy mixture as a coating and determine the appropriate weight fraction of seashell waste in the seashell waste 

and epoxy mixture. 

RESEARCH METHODS 

Composition Test and Conductivity Test Material 

The obtained seashell waste is directly washed and soaked in a NaOH solution until residual elements, such as 

leftover flesh, are removed. It is then rinsed and dried in the sunlight until completely dry. Once dried, the 

seashell waste is crushed to achieve particle sizes corresponding to no. 100 on a sieve shaker, the result obtained 

will be refer to as Figure 1: 
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Figure 1. Powdered Seashell Waste 

After obtaining the desired particle size, the shell waste powder can be directly subjected to X-Ray 

Fluorescence composition testing. The purpose of this testing is to determine the elemental content in the 

specimen to be used. A test sample of 15 grams of shell waste powder is prepared. Then, the specimen is tested 

in the FMIPA UM laboratory using the XRF machine with Minipa 14 Type 

The Thermal Conductivity Specimen has a disk shape with a diameter of 4cm and a thickness of 4mm. The 

shell waste powder is then mixed with epoxy according to the weight fraction on a galvalume plate cut to the 

desired shape inside a mold, as shown in Figure 2. After the layer of shell waste powder and epoxy dries, the 

specimen is removed from the mold. 

 
Figure 2. Mold for the Thermal Conductivity Test specimens 

The specimens are tested in the Laboratory of Basic Phenomena in Mechanical Engineering at Brawijaya 

University. 

 

Temperature Test 

The Galvalume roof with a thickness of 0,3mm (?) was cut into dimensions of 50cm × 51,76cm(?). It undergoes 

a coating process using the Hand Lay-Up method with the application of seashell waste powder-filled epoxy 

at different weight fractions of 20%, 30%, 40%, and 50% 

The Temperature Test Tool has a box-shaped design that functions as a room, with walls made of cube-shaped 

plywood with a thickness of 0,9cm. The top of the cube was lifted on one side by 13,397 cm, creating a 15° 

slope according to the Letterof the Minister of PUPR Number 1/SE/M/2022 regarding the Technical Guidelines 

for the Performance Assessment of Green Buildings. Three thermocouple sensors were installed to measure 

temperature, with sensor 1 placed on top of the galvalum roof, sensor 2 beneath the galvalume roof, and sensor 

3 inside the room box. This setup is illustrated in Figure 3.  
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Figure 3. Temperature Test Tool 

The temperature test was conducted by placing the testing tool in a prepared chamber conditioned at 35°C. 

Once this temperature is achieved, data recording is carried out for 10 minutes with a recording interval of 

every 30 seconds. 

 
Figure 4. Data Recording Scheme 

In Figure 4, the testing scheme is illustrated, where temperature data from the sensor points on the temperature 

testing tool was recorded and transmitted to Arduino. Subsequently, the obtained data is processed using a 

laptop.  

The temperature data from the three thermocouple sensors connected to Arduino is automatically inputted into 

the laptop using Arduino version 1.8.19. 

RESULTS AND DISCUSSION 

Thermal Conductivity Test 

From the Composition Test results, data for Shell Waste Powder was obtained as shown in Table 1." 

Table 1. Composition Test 

Compound Conc Unit (%) 

S 0,01% 

Ca 95,44% 

Ti 0,04% 

Mn 0,062% 

Fe 2,13% 

Br 0,095% 

Sr 1,20% 

Mo 0,30% 

Ba 0,20% 

Yb 0,46% 

Lu 0,10% 

Temperature Test 

Tool 
Arduino Laptop 
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Source:Author’s test results, Central Laboratorium Malang State University, Faculty of Mathematics and Science, 2023 

Based on the XRF test, the research revealed that the main composition of Seashell Waste is the presence of 

Ca at 95,44%, followed by Fe at 213%, Sr at 1,20%, and Yb at 0,46%. From this result, it can be determined 

that the Ca is one of the main elements in the formation of calcium carbonate compounds. Ca is one of the 

elements involved in the formation of CaCO3
 reactions, and the reaction can be expressed as follows: 

Ca(s) + C(s) + ⅔O2(g) → CaCO3(s) 

The XRF test results for the seashell waste powder are considered consistent with several previous studies that 

examined the elements contained in seashell waste. The findings from those studies are as follows: 

Table 2. Calcium Content (%) in Various Types of Seashell Waste 
Seashell Type Ca Percentage on the Seashells (%) Source 

Conch Shell 98,1 (Cao et al., 2023) 

Oyster Shell 81,62 (Okoro & Oyebisi, 2023) 

Oyster Shell 95,82 (Oyejobi et al., 2019) 

Cockle Shell 99,0 (Othman et al., 2013) 

Mussels Shell 87,21 (Felipe-Sesé et al., 2011) 

The thermal conductivity unit used in this study is W/m°C, where W represents thermal energy flowing through 

a material, m is the length of the heat-conducting material, and C is the temperature difference or ΔT across the 

material. Therefore, thermal conductivity is the measure of energy through which heat penetrates a specific 

material. 

Table 3. Thermal Conductivity Data 

Specimens Thermal Conductivity (W/m°C) 

Galvalume 9,391 

Resin 1,598 

20%:80% 0,267 

30%:70% 0,265 

40%:60% 0,26 

50%:50% 0,24 

Source: Author’s test results, Metallurgical Testing Laboratory, Department of Mechanical Engineering, Brawijaya University, 2023 

Based on the thermal conductivity test data, the thermal conductivity values obtained are as follows: for 

galvalum, it is 9,391 W/m°C, for the resin specimen, it is 1,598 W/m°C. In the specimen with a ratio of 20% 

seashell waste powder to 80% resin, the thermal conductivity is 0,267 W/m°C. For the specimen with a ratio 

of 30% seashell waste powder to 70% resin, the thermal conductivity is 0,265 W/m°C. In the specimen with a 

ratio of 40% seashell waste powder to 60% resin, the thermal conductivity is 0,26 W/m°C. Meanwhile, in the 

specimen with a ratio of 50% seashell waste powder to 50% resin, the thermal conductivity is 0,24 W/m°C. 

With an increase in weight fraction, the thermal conductivity values will be lower in layers with a higher content 

of CaCO3. (Zhang et al., 2023). 

It can be concluded that the larger the weight fraction of the filler used, the specimen will have a lower thermal 

conductivity value, making it a more effective insulator. On the other hand, the smaller the seashell addition of 

a specimen, the larger its thermal conductivity value will be. In this test, the seashell waste powder specimen 

with a weight fraction of 50%:50% proves to be the most effective insulator due to its lowest thermal 

conductivity value. Conversely, the specimen with a weight fraction of 20%:80% is the least effective insulator 

in heat resistance because it has the largest thermal conductivity value.  

 

Temperature Increase Result for Each Recording Interval 

After obtaining the temperature increase data table, the data is processed to generate a table of average increases 

for each sensor at each recording interval. The resulting table is as follows. 
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Table 4. Temperature Increase Data for Sensor 1 (Top of Galvalume Roof) 

N-Increase- 
Sensor 1 (°C) 

Galvalume Resin 20%:80% 30%:70% 40%:60% 50%:50% 

20 1,32 1,28 1,22 1,21 1,18 1,17 

 

According to Table 4, there is an indication that the seashells waste filler had an effect of reducing the spread 

of the heat on top of surfaces as the weight fraction of seashells raises up. The result from this data can be 

defined in figure 5. 

 
Figure 5. Graph of Temperature Increase for Each Interval (30s) on Sensor 1 (Top of Galvalume Roof) 

 

The results from the Figure 5 shows the heat increase of each specimens with different weight fraction of 

seashells filler. Consequently, the higher the weight fraction of the seashells filler, the heat dispersion rate also 

decreases. This is attributed to the decreasing thermal conductivity values observed in each specimen, 

influenced by the increased CaCO3 content (Zhang et al., 2023), along with the increase in the concentration 

of seashell waste in its composite layer, it is also evident that the CaCO3 content in the seashell waste 

contributes to the improvement of thermal stability (Sahebian & Mosavian, 2019). Several factors that can 

influence these differences may also arise from the distribution of seashell waste used in the coating. The larger 

the weight fraction of the filler, the easier it is to achieve a more uniform distribution when using seashell waste 

particle as an addition to the composite layers on the galvalume roof. 
 

Table 5. Temperature Increase Data for Sensor 2 (Underneath Galvalume Roof) 

N- Increase 
Sensor 2 (°C) 

Galvalume Resin 20%:80% 30%:70% 40%:60% 50%:50% 

20 1,30 1,19 1,12 1,09 0,83 0,60 

According to the Table 5, there is an indication on the final recording of the specimen which shows that the 

temperature increase differs from the top surface of the galvalume roof to the bottom surface as the weight 

fraction of the fillers increase, with the highest difference of 0,70°C between the Galvalume specimen and the 

50%:50% specimens. The result from this data can be defined in figure 6. 
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Figure 6. Graph of Temperature Increase for Each Interval (30s) on Sensor 2 (Bottom of Galvalume Roof) 

In Figure 6, the graph shows the data on temperature increase at each data recording interval, which is at a 30-

second interval on Sensor 2, specifically at the bottom of the galvalume roof. From the graph, it can be observed 

that there is an increase in temperature at each recording interval for every weight fraction and the case without 

coating. The data indicates that the weight fraction of 50%:50% exhibits characteristics of a lower temperature 

increase. For instance, at the 20th increase, there is a temperature rise of 0,60°C, compared to the galvalume 

specimen, which records a temperature increase of 1,30°C at the 20th interval. 

The characteristics of the temperature increase are attributed to the low thermal conductivity possessed by the 

specimen with a coating ratio of clamshell waste at a weight fraction of 50%:50%. This is caused by the high 

content of CaCO3, leading to a drastic decrease in the heat conduction rate through the conduction process from 

the top to the bottom of the Galvalum, resulting in excellent thermal stability. (Sahebian & Mosavian, 2019). 

Table 6. Temperature Increase Data for Sensor 3 (Indoor) 

N- Increase 
Sensor 3 (°C) 

Galvalume Resin 20%:80% 30%:70% 40%:60% 50%:50% 

20 1,28 1,18 1,10 1,08 0,82 0,59 

According to the Table 5, indicated that after the heat travels through the galvalume and the composite layers, 

the temperature of the sensor received a various temperature decrease as its travels through air. The result from 

this data can be defined in figure 7. 

 
Figure 7. Graph of Temperature Increase for Each Interval (30s) on Sensor 3 (Indoor) 

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

(°
C

)

N- Increase
Galvalum Resin 20%:80%
30%:70% 40%:60% 50%:50%

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

(°
C

)

N- Increase
Galvalum Resin 20%:80%
30%:70% 40%:60% 50%:50%

https://journal.umy.ac.id/index.php/st/issue/view/1148


110 

 

Ramadhan. R & Ariestadi. D. (2025). Semesta Teknika, 28(1) 

https://journal.umy.ac.id/index.php/st/issue/view/1148 

 

In Figure 7, the graph shows the data on temperature increase at each data recording interval, which is at a 30-

second interval on Sensor 3, specifically within the room. From the graph, it can be observed that there is an 

increase in temperature at each recording interval for every weight fraction and the case without coating. The 

data indicates that the weight fraction of 50%:50% exhibits characteristics of a lower temperature increase. For 

instance, at the 20th increase, there is a temperature rise of 0,59°C, compared to the galvalume specimen, which 

records a temperature increase of 1,28°C at the 20th interval. 

This is caused by the influence of the composite layer applied to the specimen with a 50%:50% weight fraction, 

affecting the temperature at the bottom of the galvalume roof. As a result, the heat conduction between the 

bottom of the galvalume roof and the point of Sensor 3 decreases. The heat conduction in this area is influenced 

by the heat treatment through convection, where the rapid propagation affects the temperature recorded on 

Sensor 3. Thus, it is evident that the temperature on the roof can affect the temperature inside the room. 

(Fatimah et al., 2019).  

Temperature Data on Galvalume Coating Specimens 

The data collection was carried out after conditioning the test chamber at a temperature of 35°C on sensor 1. 

Next was the recording of data for each specimen in the temperature test with a data collection duration of 10 

minutes and a data recording interval of every 30 seconds. After obtaining the data, further processing was 

conducted using Microsoft Excel. The data for the temperature increase for each specimen is presented in table 

7. 

Table 7. Data Temperature on Sensor 1 (Above Galvalum Roof) 

Time (s) 
Sensor 1 (°C) 

Galvalume Resin 20%:80% 30%:70% 40%:60% 50%:50% 

Difference 

(600s – 0s) 
11,19 10,56 9,84 9,70 9,412 9,06 

Based on Table 7, containing temperature test data on sensor 1, which recorded the temperature data at the top 

of the galvalume specimen, the specimens showed a temperature increase from the beginning of the recording 

to the end. 

This discrepancy can be attributed to the efficient flow of heat received by the galvalume roof, facilitated by 

its high thermal conductivity. As a result, the heat accumulation on the top of the roof is faster and more 

uniform. Conversely, the specimen with a coating ratio of 50%:50% shows the least effective heat flow among 

the specimens after heat treatment. This graph indicates that the thermal conductivity properties derived from 

CaCO3 in the seashell waste significantly impact heat flow performance, even on the top surface of the roof, 

resulting in relatively good thermal stability (Sahebian & Mosavian, 2019).  

Table 8. Data Temperature Sensor 2 (Under Galvalume Roof) 

Time (s) 
Sensor 2 (°C) 

Galvalume Resin 20%:80% 30%:70% 40%:60% 50%:50% 

Difference 

(600s -0s) 
10,91 10,09 9,19 8,51 6,96 5,56 

Based on Table 8, which contains temperature test data for sensor 2 recording temperature data on the lower 

part of the galvalume specimen, results showed a various temperature increase as the weight fraction of the 

filler increases. The significant temperature increase is attributed to the presence of CaCO3 in the seashell waste 

powder, where CaCO3 exhibits excellent thermal stability. (Vasanthkumar et al., 2022), additionally, with the 

increase in CaCO3 content, the thermal conductivity becomes lower. (Zhang et al., 2023), thus enhancing its 

ability to withstand the received heat increase. 
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Table 9. Temperature Data from Sensor 3 (Indoor) 

Time (s) 
Sensor 3 (°C) 

Galvalume Resin 20%:80% 30%:70% 40%:60% 50%:50% 

Difference 

(600s-0s) 
10,78 9,89 8,89 8,29 6,74 5,29 

Based on Table 9 containing temperature test data on sensor 3 recording room temperature. The specimen with 

a 50%:50% weight fraction of the filler proves to have excellent thermal stability (Vasanthkumar et al., 2022), 

thus it can reduce the temperature inside the room, in contrast to the galvalume specimen which shows the 

highest temperature due to its less favorable thermal characteristics. 

CONCLUSION 

Based on the analysis and discussion in the Results and Discussion section, the following conclusions can be 

drawn: (1) Based on the thermal conductivity test regarding the addition of filler in the form of sea shell waste 

powder to epoxy coating applied to the Galvalum roof, it is observed that there is a characteristic decrease in 

thermal conductivity for each weight fraction ratio of clamshell waste. (2) Based on the temperature increase 

test data, it is evident that specimens with seashell waste filler in the coating exhibit characteristics of heat 

resistance against temperature rise in the room. The final temperature increase values for each sample starting 

from resin specimen and 20%:80% through to the 50%:50% specimen show a temperature difference of 0,1°C; 

0,18°C; 0,2°C; 0,46°C; 0,69°C, respectively at the end of the recording. (3) Seashell waste  powder as an 

addition to the composite layers has proven to have the potential to be transformed into a coating material that 

serves as an effective way to mitigate the increase in room temperature by reducing the temperature rise from 

the galvalume roof to the interior. The weight fraction of 50%:50% as a coating specimen demonstrates the 

best results in the thermal conductivity test with a value of 0,24 W/m°C. This characteristic enables the coated 

galvalume roof to suppress the temperature increase by 5,49°C compared to the uncoated galvalume at the end 

of the temperature test, specifically at the 10th minute of recording. 
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