CHAPTER 2
LITERATURE REVIEW
2.1. Introduction to Hybrid Foam Concrete
[bookmark: _GoBack]Foam concrete is a type of concrete that is produced by locking air voids in the mortar with the help of a suitable foaming agent and is classified as lightweight concrete. It has low self-weight, minimum aggregate consumption (no coarse aggregate is used), high fluidity, controlled low strength and thermal insulation (Ramamurthy, K. et al. 2009). The properties of foam concrete are affected by the production method and the materials used. Unlike other porous lightweight concrete, prefabricated foams with foaming agents are added to fresh cement paste and mortar. The air pores brought by the foams constitute 10–90% by volume of the hardened body. This porous structure forms the basis of the mechanical properties, thermal conductivity, acoustic and durability properties of foam concrete (Hou, L et al. 2021). One of the advantages of foam concrete is its weight reduction (up to 80%) compared to conventional concrete (Chica, L. et al. 2019). The air bubbles are evenly distributed in the foam concrete body. The pore structure may be affected during the mixing, transportation and placement of fresh concrete, so it should have fixed walls. Air bubbles range in size from approximately 0.1 to 1 mm (Jalal, M. et al. 2017). The density of foam concrete is mainly affected by the amount of foam and varies between 400 and 1600 kg/m3. It can be used for structural, partitioning, insulation and filling applications with excellent acoustic/thermal insulation, high fire resistance, lower raw material costs,
easier pumping and finally no compaction, vibration or leveling (Ramamurthy, K. et al. 2009, Chica, L. et al. 2019). It emerges as an economical and innovative contribution to the production of lightweight building blocks, partition wall systems, panels, walls, blocks, road fill and roof insulation. It is effectively deployed in countries such as Turkey, Germany, England, Thailand and the Philippines. It is preferred for the production of foam concretes, bridge fill, insulated wall panels and floor insulation ( Bayrakta, O. et al. 2021). Researchers show interest in high energy-saving materials in terms of energy savings. In this respect, foam concrete, which is a lightweight, porous material with a high strength-to-weight ratio, stands out. It is widely used in modern buildings. It also offers advantages, such as transportation, cost and production (Lui, P. et al. 2021).
The Romans made a concrete mixture (made of lime, water, small gravel and coarse sand) into which they mixed animal blood. They discovered that the added animal blood produced air bubbles, making the mixture more useful and durable. It is thought that a similar technology was used by the Egyptians 5000 years ago (Bindiganavile, V. et al. 2019). The first skate on foam concrete was bought by Axel Ericson in 1923. Wall panels and floor boards were used in commercial and residential buildings by the Soviet Union in the 1930s. In 1950, aerated concretes produced for carrier elements prepared using coal slag were put on the market. For foam concrete, the first scientific research was conducted by Valore in 1954. Hydrolyzed protein agents that improve the stability of air cells were introduced to the market at the end of the 1950s. By the end of the 1970s it was used in oil well cementing projects and excavation projects (Ramamurthy, K. et al. 2009, Bindiganavile, V. et al. 2019,Panesar, D. 2013).
Hybrid foam concrete, incorporating natural materials like palm kernel oil (PKO) as a surfactant and sawdust as an aggregate, is proposed as a potential solution to reduce the ecological footprint of foam concrete.
In this study, the combination of PKO and sawdust in foam concrete is explored as an innovative approach to achieving eco-friendly concrete with favorable properties. Palm kernel oil, derived from the palm seed, is abundant in fatty acids and has a natural ability to stabilize foam, making it an effective substitute for synthetic surfactants (Li & Wu, 2021). Sawdust, a byproduct of the wood industry, is considered an environmentally friendly aggregate replacement due to its lightweight nature and insulating properties (Torres & Siqueira, 2019). Together, these materials have the potential to enhance the mechanical and thermal properties of foam concrete while reducing reliance on non-renewable resources.


2.2. Properties and Uses of Foam Concrete
Foam concrete is distinguished by its low density, resulting from the high air content introduced by the foaming agent. This composition significantly reduces its weight compared to conventional concrete, making it ideal for applications where structural load requirements are minimal, such as in partition walls, insulation, and roofing materials (ACI 523, 2006). The low density and thermal conductivity also provide foam concrete with superior insulation properties, which have practical applications in energy-efficient construction. Despite these advantages, foam concrete has limitations, notably its lower compressive strength and potential susceptibility to moisture absorption. Studies have shown that traditional foam concrete exhibits lower strength-to-weight ratios, limiting its application in structural elements (Neville, 2011).
Recent research has explored hybrid formulations to address these limitations. The inclusion of alternative materials like natural surfactants and organic aggregates is a growing area of interest, as they potentially enhance foam concrete's sustainability and mechanical performance (Olusola & Joshua, 2018). Hybrid foam concretes incorporating waste materials have shown promising results in reducing density while maintaining or improving compressive strength and durability (ACI 523, 2006). For example, the use of organic byproducts such as sawdust as aggregates has improved thermal insulation properties without drastically compromising strength, making it viable for specific non-load-bearing applications (Torres & Siqueira, 2019).
2.3. Role of Surfactants in Foam Concrete
Surfactants are essential in foam concrete production, as they stabilize air bubbles within the concrete mix. Traditional surfactants used in foam concrete are synthetic and contribute to environmental pollution due to their chemical compositions. Replacing synthetic surfactants with natural alternatives like palm kernel oil aligns with sustainable development goals and reduces the environmental footprint of concrete production (Harshani & Wijesinghe, 2020).
Palm kernel oil (PKO) contains a variety of fatty acids that facilitate foam formation and stabilization, making it an effective natural surfactant (Li & Wu, 2021). Several studies have explored the use of PKO in foam concrete, demonstrating that it can generate stable foam with comparable properties to synthetic surfactants. PKO’s foaming ability comes from the saponification of its fatty acids, which produces soap-like molecules that trap air, forming a stable bubble structure within the cement paste. Researchers have found that PKO-stabilized foam concrete achieves a lighter weight and improved thermal insulation, aligning with the requirements for eco-friendly and energy-efficient building materials (Olusola & Joshua, 2018).
2.4. Sawdust as a Sustainable Aggregate in Concrete
Sawdust is increasingly recognized as a sustainable alternative to natural aggregates in concrete. Produced as a waste byproduct in wood processing industries, sawdust is readily available and has significant potential to reduce concrete density and improve thermal properties (Torres & Siqueira, 2019). Studies show that replacing sand with sawdust results in a lightweight concrete mix with enhanced thermal insulation, though high percentages of sawdust may reduce compressive strength (Li & Wu, 2021).
In hybrid foam concrete, sawdust acts not only as a replacement for sand but also improves the insulation capacity due to its low thermal conductivity. Research indicates that sawdust particles absorb some water in the mix, which can later contribute to internal curing, potentially enhancing the durability and resistance to shrinkage (ACI 523, 2006). Studies have also demonstrated that sawdust, when properly treated and sized, can produce foam concrete with favorable workability and adequate mechanical strength for non-load-bearing applications (Harshani & Wijesinghe, 2020).
2.5. Mechanical Properties of Hybrid Foam Concrete
The mechanical properties of foam concrete are heavily influenced by the type and proportion of surfactants and aggregates used. In traditional foam concrete, synthetic surfactants help achieve higher compressive strengths by stabilizing smaller air bubbles, resulting in denser and stronger concrete. However, with natural surfactants like PKO, studies have shown that it is possible to achieve a balance between strength and insulation (Olusola & Joshua, 2018). For instance, when combined with sawdust, PKO-based foam concrete demonstrates improved compressive strength relative to traditional foam concrete with synthetic surfactants.
Further research has examined the tensile and flexural properties of foam concrete modified with PKO and sawdust. Results indicate that the flexibility of organic materials, like sawdust, may enhance tensile and flexural strengths to some extent, but the impact remains dependent on the mixture ratios (Li & Wu, 2021). By optimizing the PKO and sawdust content, it is possible to produce foam concrete with a good balance of mechanical strength and lightweight properties suitable for various construction applications.
2.6. Thermal and Insulating Properties of Hybrid Foam Concrete
The inclusion of PKO and sawdust in foam concrete is particularly advantageous for improving thermal insulation. Foam concrete's insulation properties stem from its high air content, which reduces thermal conductivity and energy transfer. Hybrid foam concrete with sawdust as an aggregate shows enhanced insulation due to the naturally low thermal conductivity of sawdust (Torres & Siqueira, 2019). PKO also contributes by stabilizing a finer, more consistent foam structure, creating more air pockets and reducing heat transfer (Harshani & Wijesinghe, 2020).
Studies have indicated that foam concrete with natural aggregates like sawdust can achieve thermal resistivity values suitable for energy-efficient construction, especially in partition walls and roofing materials (ACI 523, 2006). Thermal conductivity tests on PKO-stabilized foam concrete show favorable results, suggesting that hybrid formulations can meet thermal insulation requirements for specific applications without relying on synthetic materials (Olusola & Joshua, 2018).
2.7. Durability and Environmental Impact of Hybrid Foam Concrete
Durability in concrete often encompasses resistance to water absorption, shrinkage, and degradation over time. In traditional foam concrete, durability can be a concern due to high porosity and moisture absorption, potentially leading to structural issues if used in humid or wet environments (Neville, 2011). Hybrid foam concrete incorporating PKO and sawdust offers potential improvements in durability. PKO’s ability to create smaller, stable air bubbles may reduce water ingress, and sawdust’s partial water-absorption properties can aid in maintaining the moisture balance within the concrete, reducing shrinkage and crack development (Olusola & Joshua, 2018).
The environmental benefits of using PKO and sawdust are significant. PKO, derived from palm trees, is a renewable resource, and its use in foam concrete replaces petroleum-based surfactants that contribute to pollution. Moreover, sawdust, often treated as waste, is repurposed effectively within foam concrete, reducing the environmental impact of wood industry waste disposal (Harshani & Wijesinghe, 2020). The substitution of conventional aggregates with sawdust also results in a reduction of energy-intensive sand extraction processes. Studies indicate that the use of natural materials in foam concrete not only lowers the carbon footprint but also contributes to sustainable resource management in construction (Torres & Siqueira, 2019).
The life-cycle assessment of PKO and sawdust-based foam concrete has shown favorable outcomes. When compared with traditional foam concrete, the hybrid variant demonstrates a lower embodied energy due to reduced synthetic and virgin material usage (Li & Wu, 2021). While more research is needed to determine the long-term durability of hybrid foam concrete in diverse environments, preliminary studies suggest that PKO and sawdust contribute to an eco-friendlier construction material.
2.8. Challenges and Future Directions
The use of PKO and sawdust in foam concrete, while promising, poses several challenges that warrant further research. One key issue is the variability in the quality and chemical composition of natural PKO, which can lead to inconsistencies in the foaming ability and stability. The presence of impurities in unrefined PKO may affect the formation of stable air bubbles, necessitating additional processing to achieve uniform results (Harshani & Wijesinghe, 2020). Similarly, sawdust quality varies based on wood type, particle size, and moisture content, all of which can impact the workability and strength of the foam concrete mix (Torres & Siqueira, 2019).
Another challenge relates to optimizing the mix design to balance the mechanical properties and thermal insulation of hybrid foam concrete. High levels of sawdust may decrease compressive strength, making it less suitable for structural applications. Therefore, further experimentation is required to determine optimal proportions of PKO, sawdust, cement, and water for different construction purposes (Olusola & Joshua, 2018).
The future direction of research in this area should focus on developing standard formulations and testing protocols to enhance hybrid foam concrete's mechanical, thermal, and durability characteristics. Additionally, exploring treatment methods for sawdust to reduce moisture absorption and increase its compatibility with the cement matrix could improve hybrid foam concrete’s performance in diverse climates. Further studies on the environmental impacts, including the life-cycle assessment of hybrid foam concrete in various construction scenarios, will also aid in validating its sustainability benefits (ACI 523, 2006).









