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[bookmark: _Toc183546505]1.1.	Background of the Study
	Hybrid foamed concrete (HFC) is a cost-effective and commonly available lightweight construction material that incorporates air voids created by the addition of pre-made foam to the concrete combination. It contains basic components like cement, water, fine sand, and stable foam (Romamurthy, K, et al., 2009). The density of foamed concrete can be modified from 100 kg/m3 to 600 kg/m3 to suit various construction requirements. It is suitable for both load-bearing and non-load-bearing applications., with very low densities being particularly useful in providing fire resistance, sound-absorption, and thermal insulation (Zhang, Z., & Wang, H., 2016). Foam concrete (FC) is a porous cement-based product with a dry density of about 300 kg/m3 and a porosity of more than 80 % (Amran Y.H.M., 2015).
The mechanical performance of FC with varying densities has reported performance increases as the dry density increases. The connection between compressive strength, Thermal Conductivity (TC), and density in materials is important. Decreasing density can lead to improved thermal insulation performance but can also result in decreased compressive strength (Jones, M.R., 2005). Pore structure, specifically pore size, plays a significant role in determining both compressive strength and TC. FC, in particular, is heavily influenced by pore structure, and dry density can be used to convey porosity. Other thermal insulation materials, such as poly urethane, fall under the organic category. Due to their capacity to resist heat, low density, and high water resistance, expanded polystyrene (EPS) and polystyrene foam have extensive applications in building insulation (Kearsley, E.P., 2001).
Moreover, adding closed pores to FC is a strategy worth investigating. The producing FC includes a binder (usually Portland cement). Still, alternatives like calcium sulfoaluminate cement or geo polymers can be used as water, a foaming agent, and fine aggregates such as sand. The use of other supplementary cementitious materials is possible. Additives such as superplasticizers and viscosity-enhancing agents, as well as fibers, may be incorporated. The addition of preformed foam to a compound generates visible air voids that remain in the hardened state, resulting in a versatile material suitable for a wide range of uses. Foamed cement consists of cement and foam, which is created by trapping small pockets of air within a liquid using surfactants and compressed air (Just, A., & Middendorf, B., 2009).
[bookmark: _GoBack]Researchers have investigated the mechanical strength of HFC, even though it is not intended for structural purposes. This is because specific uses of insulation for buildings, external walls, filling material for heat preservation pipelines, or road foundations necessitate a minimal level of compressive strength (Bing, C., et al., 2012). Research has shown that the smaller bubbles and interconnected air voids improve the thermal insulation properties of materials. An appropriate (W/C) stabilizes preformed foam in cement, improving FC’s pore structure and performance (Wei, S., et al., 2013). FC with tiny pore sizes could be created at a low W/C. A low water-cement ratio can cause bubbles to explode during mixing, while a high ratio can cause foam separation and weaken the FC structure. In comparison to standard FC, Geopolymer foam has superior early-age performance, high strength, and fire resistance, can withstand fire, and can absorb harmful ions (Nambiar, E. K. K., & Ramamurthy, K. 2006).
The study examines (HFC), which is a construction material known for its lightweight, low-density, and excellent thermal insulation properties. The paper provides a detailed analysis of HFC’s composition, manufacturing methods, mechanical properties, and various applications in the construction industry, including its use as a thermal insulation material. The study also discusses the challenges associated with HFC production and potential avenues for future research to exploit and utilize HFC as a maintainable and versatile material in the construction industry.
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	Ultra-lightweight foam concrete (ULFC) is an emerging construction material that has recently attracted attention due to its distinct characteristics. However, the lack of focus on utilizing sustainable alternatives in its production not only drives up costs but also leads to environmental harm. While the use of PKO as a natural surfactant in hybrid foam concrete shows great promise, there is limited research examining its viability, particularly for thermal insulation applications in the building industry. This study seeks to evaluate the effectiveness of PKO as a sustainable surfactant in hybrid foam concrete, focusing on its influence on key properties such as density, thermal conductivity, and compressive strength.
The research will explore whether PKO-based surfactants can mitigate environmental impacts while maintaining or enhancing the performance of foam concrete for building insulation. The results of this study could contribute to the development of environmentally friendly, high-performance building materials, supporting the global push for sustainability in the construction sector.
[bookmark: _Toc183546507]1.3.	Justification of the Study
	The construction industry faces increasing pressure to adopt more sustainable and energy-efficient building materials. HFC, known for its lightweight, thermal insulation properties, presents a promising solution in this regard. However, the production of foam concrete typically relies on synthetic surfactants, which can be costly and environmentally detrimental. PKO, a natural and abundant resource, has shown potential as an eco-friendly alternative surfactant in various industrial applications.
The increasing demand for sustainable building materials has driven the need to find renewable, biodegradable, and non-toxic alternatives to synthetic chemical surfactants. PKO is derived from the palm kernel, a renewable agricultural product that is widely available in many tropical regions. Moreover, the use of PKO as a surfactant could reduce the cost of producing foam concrete by decreasing the dependency on expensive synthetic alternatives. This is particularly significant for low-cost housing and large-scale infrastructure projects where cost efficiency is crucial.
By investigating the performance of PKO in hybrid foam concrete, this research can offer valuable insights into developing more sustainable, cost-effective, and high-performing building materials, promoting both environmental and economic benefits in construction practices.
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This study aim is to Assess Palm Kernel Oil as a Natural Surfactant in Hybrid Foam Concrete for Building Insulation Application.
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i. Evaluate the feasibility of using palm kernel oil as a natural surfactant in hybrid foam concrete.
ii. Assess the mechanical and physical properties of palm kernel oil-based foam concrete, including compressive strength and density.
iii. Investigate the thermal insulation performance of foam concrete incorporating palm kernel oil.
iv. Compare the performance of palm kernel oil-based foam concrete with conventional surfactant-based alternatives.
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The scope of this study will encompass a detailed evaluation of the use of palm kernel oil as a surfactant in hybrid foam concrete, with a particular focus on its potential applications for building insulation in tropical and sub-tropical regions. These regions are specifically chosen due to their prevalence in palm oil production, making PKO a readily available and relevant material for this research. The study will explore how the unique properties of PKO as a natural surfactant can enhance the performance of foam concrete, particularly for thermal insulation in construction.
Although the primary focus is on areas where palm oil production is a significant industry, the findings of this research may have broader implications. The conclusions drawn could be relevant for other regions that are interested in adopting sustainable building materials and exploring the benefits of using natural surfactants in construction, particularly in the context of reducing environmental impacts and promoting eco-friendly alternatives in the building sector. Thus, the study's scope extends beyond specific geographic locations, offering insights that could be applied globally to the development of more sustainable and efficient building materials. While the study aims to provide comprehensive insights into the performance of hybrid foam concrete, limitations may include:
1. Geographic constraints: The availability of palm kernel oil may vary by region, affecting the generalizability of the findings.
2. Experimental conditions: The laboratory environment may not fully replicate real-world conditions, potentially influencing the performance of the developed concrete.
3. Economic analysis: While the study will provide a preliminary economic assessment, a more detailed life-cycle cost analysis may be needed to fully understand the financial implications of using these materials in large-scale construction.
