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Abstract

This biochar is a porous carbon material produced through thermochemical conversion of organic materials under oxygen-depleted conditions. Adding biochar to building materials can store and fix carbon in structures for decades, and this carbon sequestration helps to
balance the global carbon cycle. A PCM is a latent heat thermal energy storage material that can store and release heat as heat of fusion or solidification during the phase change process. This experiment aims to improve the thermal performance of artificial stone finishes
used as interior veneers. A phase change material (PCM) with a high latent heat performance and biochar, an eco-friendly material, were used in the experiment. n-Octadecane was incorporated into lightweight aggregates; spruce tree(ST), rise husk(RH), and miscanthus
straw(MS) biochars were utilized. The fabricated specimens exhibited clear peak temperature and latent heat values depending on the PCM used. In terms of strength characteristics, the specimens with biochar up to 4% showed equivalent or higher compressive strength to
those without biochar, and the use of 6% biochar was associated with a decrease in strength. In addition, the thermal conductivity of the specimen decreased as more biochar was mixed, and it was found to decrease in the order of RH, ST, and MS biochar. Through the heat
transfer test, the heat storage performance of the specimens and the temperature delay effect (of approximately 2.7 h) were verified. When using ST, RH, and MS biochars, the peak temperature decreased by approximately 4-5 ©C compared to the PAS test sample without
biochar. An artificial stone with an integrated PCM can be effectively used for peak temperature control based on the heat storage performance. When an appropriate amount of biochar is applied, a consistent level of strength can be maintained and the thermal conductivity
can be improved. The appropriate proportion of biochar was found to be within 4% of the weight of the cement. Using biochar that reuses waste provides an environmental advantage, and a biochar specimen can enable efficient use of thermal energy and room temperature
control.

Research Background Results and Discussion

- Biochar iIs a porous carbon material produced through the thermochemical conversion of organic matter under oxygen
starvation conditions. Biochar is considered an environmentally friendly material because it is produced using biomass and
waste from agriculture, forestry, etc. Adding biochar to building materials can store and fix carbon in structures for decades,
and this carbon sequestration helps balance the global carbon cycle. Therefore, the use of biochar as a building material can
provide significant environmental benefits. Biochar is mainly integrated with cement materials in construction-related studies
because of its excellent chemical stability. A phase change material (PCM) is a latent heat energy storage material capable of
storing and releasing heat as heat of fusion or heat of solidification during phase change.

- Applying PCM to buildings is one of the ways to reduce building energy by using passive technologies of buildings. When PCM

« Thermal conductivity analysis

- In the case of specimens using PCM-integrated artificial fine aggregate, the overall compressive strength decreased by 2 to 5
MPa, but all of them satisfy the required strength. The thermal conductivity is 0.9521 W/m-K for the AS specimen using natural
sand and 0.6711 W/m-K for the PAS specimen using PCM impregnated aggregate. The LAS and PAS specimens have lower
thermal conductivity than the AS specimens, which is thought to be due to the pores of the aggregates used. For biochar-based
specimens, the overall thermal conductivity level is lower than for PAS specimens. In particular, RH biochar has the lowest
thermal conductivity.
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Figure 1. Results of thermal conductivity test

« Dynamic heat transfer analysis

|| - A dynamic heat transfer analysis was performed to evaluate the thermal properties of the PCM-integrated artificial crushed
bricks. As a result of the test of the specimen heated at 50°C for 6 hours and free-cooled for 6 hours, the maximum temperature

Biochar raw material Jealra__|q|suaS of the PAS specimen was delayed by about 2.7 hours for the PCM specimen, and the maximum temperature was 1.7°C higher
than that of the AS specimen. This is a characteristic of the specimen using PCM, and it can be seen that the heat rising to the
maximum temperature is delayed due to the latent heat of PCM. In addition, specimens with PCM during cooling exhibit a
thermal lag time of approximately 4 hours.
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