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CHAPTER ONE
Introduction
1.0 Background of study
[bookmark: h2]With the development of society and the increase of population, the problem of energy shortage has become increasingly prominent, and countries all over the world have attached great importance to energy conservation and environmental protection in the construction industry (Huang et al 2013)The Chinese government proposed the development of “applicable, economical and green buildings” in the “13th Five-Year Plan” ( fan et al 2019)As an important part of the building, the design of the enclosure structure is closely related to the building energy consumption (liu et al. 2014) . In recent years, with the continuous enhancement of China’s scientific research and economic strength, relevant functional departments have put forward higher requirements on building environmental protection, and have successively introduced various policies and measures. With the strong support of these favorable policies, reforms in the construction sector have been deepened, and significant progress has been made in the research of building energy-saving technologies and building energy-saving materials (Chang et al 2016) From the chemical composition, building insulation materials can be divided into organic materials (Silvestre et al 2016). inorganic materials (wang et al 2020)and organic-inorganic composite materials(Yang et al 2018) In China’s building materials market, organic building materials such as polystyrene foam and polyurethane foam are common(Hou et al 2016, He 2017)Compared with inorganic materials, organic materials have the advantages of light weight and low thermal conductivity, which made them favored by the market. Apart from the above advantages, the problems of low ignition point and easy aging of organic building materials can’t be ignored (Vuong at al 2016). On the morning of March 9, 2021, an indoor fire in the Zhongxin Building in Shijiazhuang City, Hebei Province caused serious casualties and property losses because the fire spread to the insulation layer of the building’s external walls. The intensification of fires caused by the inflammable insulation of the exterior wall of buildings such as this occurs many times a year, seriously endangering national health and economic construction. In order to reduce the fire threat caused by organic building materials, the Ministry of Housing and Urban-Rural Development of the People’s Republic of China has issued a series of announcements to limit the excessive use of organic building materials (Xiao and Ding 2013). Therefore, inorganic materials represented by foamed concrete have gradually become a research hotspot in the field of building materials (Yang et 2021).
Foamed concrete is a kind of lightweight and porous concrete that receives considerable attention from builders worldwide. The irregular voids inside are derived from the foaming agent mixture in the mortar (Amran et al 2015).The urgent need for energy-saving and environmentally-friendly building technology has promoted the rapid promotion of foam concrete. Pure cement mixed with fine sand is commonly used for preparing foamed concrete with light weight and uniformly distributed discrete bubbles (Rammamuty et al 2009). In different countries such as the United Kingdom, Germany, Turkey, the Philippines and Thailand, foam concrete has become a common material required for construction (mydin and wang 2011). In history, the Romans first realized that by adding blood to a mixture of small gravel, coarse sand and hot lime and stirring it with water, the resulting block containing small bubbles was more durable and practical (hill 2013) In 1923, Axel Eriksson was granted a patent for Portland cement-based foam concrete (valore 1954). After that, major improvements in production equipment and better superplasticizer and foaming agents have allowed foamed concrete to be used on a large scale, and a lot of efforts have been made to comprehensively study the characteristics and behavior of foamed concrete to simplify its usage in building structure application. Foamed concrete can be prepared by two techniques, which are called pre-foaming method and hybrid foaming method. For the former, it is necessary to prepare stable foam with the help of an air compressor, and then mix it with the basic mixture (consisting of cement, sand and water). For the latter, the foaming agent solution is mixed with the base mixture in a high-speed mixer. Since Davidovits introduced geopolymers, the concept of cement-free concrete has been formally put forward (liu et al 2016). The concrete can be prepared by a reaction between an alkaline solution and a raw material rich in silica and alumina, followed by curing and drying (hadjito et al 2004)The use of geopolymers to replace the ordinary Portland cement (OPC) to make concrete not only significantly reduces the CO2 emissions of the cement industry, but also realizes the reuse of industrial waste residues such as fly ash. In addition, geopolymer concrete also exhibits lower absorptivity than OPC concrete. As a relatively new material, the preparation process, proportion of doped components and material properties of foamed concrete are yet to be studied.

1.1 Problem statement
The construction industry is increasingly seeking sustainable alternatives to traditional concrete materials due to their high environmental impact. Foam concrete, which is lightweight and has good thermal insulation properties, presents a promising solution. However, its production still faces challenges in achieving the desired performance while maintaining environmental sustainability. One potential solution is to incorporate a natural surfactant, such as palm kernel oil, to improve the properties of foam concrete. Despite the benefits of palm kernel oil in other industrial applications, its role in enhancing the performance of foam concrete has not been widely explored. Furthermore, the influence of different curing conditions on the properties of hybrid foam concrete remains under-researched. This study aims to investigate the effect of palm kernel oil-based surfactant on foam concrete's properties under various curing conditions, contributing to the development of more sustainable and efficient construction materials.
1.2 Justification of study
The environmental impact of traditional concrete production is a growing concern due to the high carbon emissions associated with cement production. Foam concrete, made using lightweight aggregates and air-entrained bubbles, offers a viable alternative by reducing the density of the concrete and improving its thermal and acoustic properties. Incorporating natural surfactants like palm kernel oil could not only enhance the performance of foam concrete by stabilizing the foam but also make the production process more sustainable.
The study will help determine the viability of palm kernel oil as a sustainable surfactant in foam concrete, providing insights into its effects on compressive strength, density, thermal conductivity, and durability. The research will also explore the impact of different curing conditions (e.g., ambient curing, water curing, and heat curing) on the mechanical properties and longevity of the foam concrete. These findings will be valuable for the construction industry, as they can lead to the development of greener, more cost-effective building materials that are suitable for a variety of applications, including residential buildings, infrastructure projects, and insulation systems.
Additionally, palm kernel oil is widely available in tropical regions and is considered a renewable resource, making it an economically viable alternative to synthetic surfactants, which are often expensive and less sustainable. This aligns with the global push for green building materials and the reduction of carbon footprints in construction.

1.3 Aim of the Study
[bookmark: _Hlk188965430]Investigation of the durability of hybrid foam concrete with palm kernel oil surfactant under different curing conditions.

1.4 Objectives of the Study
[bookmark: _Hlk188965478]The specific objectives of this research are to:
i. Determine the optimal concentration of palm kernel oil surfactant that enhances the durability of foam concrete.
ii. Evaluate the impact of palm kernel oil surfactant on the compressive strength and water absorption of foam concrete under various curing methods (water curing, air curing, and steam curing).
iii. Assess freeze-thaw resistance of foam concrete with palm kernel oil surfactant when exposed to different curing techniques.
iv. Compare the performance of foam concrete with and without palm kernel oil surfactant under identical curing conditions to understand the effects of the surfactant on long-term durability.
1.5 Scope of study
This study will focus on the following key aspects:
1. Preparation of Foam Concrete: Various mixes of foam concrete will be prepared using different dosages of palm kernel oil-based surfactant to observe the effects on foam stability and concrete properties.
2. Curing Conditions: The study will examine the effect of three curing conditions—ambient curing, water curing, and heat curing—on the mechanical properties of foam concrete, including compressive strength, density, and thermal conductivity.
3. Performance Evaluation: The concrete’s performance will be evaluated through standard tests such as compressive strength, density, water absorption, and thermal insulation. Additionally, the long-term durability of the foam concrete will be assessed under various environmental conditions.
4. Environmental Impact Assessment: A comparative analysis of foam concrete with palm kernel oil surfactant versus conventional foam concrete will be conducted, focusing on the reduction of the carbon footprint and resource utilization.


