CHAPTER TWO
Literature Review
2.1 Preamble
The durability of foam concrete has become a significant research focus in the construction industry due to its potential to provide lightweight, cost-effective, and environmentally friendly alternatives to traditional concrete. Foam concrete is produced by incorporating a stable foam into a cement paste, which results in air voids that reduce the overall density of the material. This offers advantages such as thermal insulation, reduced dead load in buildings, and improved soundproofing properties. However, for foam concrete to become a widely accepted material in construction, its long-term durability must be thoroughly understood.
One of the key components that influence the properties of foam concrete is the surfactant used to stabilize the foam. Surfactants reduce the surface tension between the air and the liquid phase, promoting the formation of stable foam bubbles. The choice of surfactant plays a significant role in determining the stability, workability, and strength of the foam concrete. Palm kernel oil (PKO), a natural oil derived from the seeds of the palm fruit, has gained attention as a potential surfactant in foam concrete production.
PKO is rich in fatty acids, which reduce the surface tension of the foam, making it more stable. Compared to synthetic surfactants, palm kernel oil offers a more sustainable alternative, given that it is derived from renewable sources. Additionally, PKO’s environmental benefits make it an attractive option in the context of green construction practices. Studies have shown that PKO can improve foam quality and the overall properties of foam concrete by enhancing the stability of the air voids and reducing the amount of water required in the mix (Weng et al., 2015). By improving the foam stability, PKO contributes to enhancing the mechanical strength and durability of foam concrete, potentially making hybrid foam concrete a more durable alternative for construction.
The use of PKO as a surfactant is also aligned with the growing interest in utilizing agricultural by-products and natural resources for sustainable construction materials. Palm oil and its derivatives have been extensively researched for their various applications in concrete technology, from improving workability to enhancing the rheological properties of cementitious mixtures (Weng et al., 2015). Furthermore, the renewable nature of palm kernel oil makes it a favorable material in light of the increasing environmental concerns associated with traditional concrete production.
The durability of concrete is a critical factor that determines its performance over time. Concrete structures are subjected to a variety of environmental factors that can cause degradation, including moisture, temperature fluctuations, chemical attacks, and freeze-thaw cycles. The ability of concrete to withstand these aggressive environmental conditions is a key determinant of its longevity and maintenance requirements. For hybrid foam concrete, the primary concern related to durability is its porosity and water absorption. The air voids in foam concrete increase its susceptibility to water penetration, which can lead to a range of issues, such as shrinkage, cracking, corrosion of embedded reinforcement, and the eventual deterioration of the material (Mindess et al., 2003).
The durability of foam concrete can be significantly Impacted by the curing conditions employed during its production. Curing refers to the process of maintaining moisture and temperature conditions that allow for the complete hydration of the cement particles. The curing process plays a vital role in determining the concrete’s final strength, porosity, and overall durability (Mehta & Monteiro, 2006). There are various curing methods, including air curing, moisture curing, and temperature-controlled curing, each with its effects on the development of the material’s microstructure and durability properties.
For hybrid foam concrete, different curing conditions may produce varying results in terms of compressive strength, water absorption, and resistance to chemical attacks. Moist curing, for example, can enhance the hydration of cement particles, leading to stronger microstructures and improved durability. However, foam concrete is more sensitive to the moisture content due to its high porosity, meaning that over-curing or improper curing techniques could lead to the collapse of foam bubbles, negatively impacting the material’s properties (Mindess et al., 2003).
Temperature-controlled curing, on the other hand, may accelerate the curing process and improve the early strength of foam concrete, but could also introduce the risk of cracking or microstructural defects if not managed properly. Understanding the effects of different curing methods on hybrid foam concrete, particularly in the presence of PKO, is essential for improving the material’s long-term performance under various environmental conditions.
Despite the considerable research into foam concrete and its various applications, there remains a lack of detailed studies on the durability of hybrid foam concrete with natural surfactants like palm kernel oil. The interaction between the surfactant, the curing conditions, and the long-term durability of hybrid foam concrete has not been thoroughly investigated, particularly under aggressive environmental conditions. Understanding how different curing methods (air curing, moisture curing, and temperature-controlled curing) affect the durability of hybrid foam concrete with PKO will provide critical insights into optimizing production practices for sustainable and high-performance materials.
Given the increasing focus on sustainable construction and the growing interest in natural additives for concrete production, this study aims to fill the knowledge gap by systematically investigating the durability of hybrid foam concrete with palm kernel oil under varying curing conditions. By evaluating compressive strength, water absorption, freeze-thaw resistance, and other relevant durability parameters, the research will provide a comprehensive understanding of how these factors influence the long-term performance of hybrid foam concrete in real-world applications.

2.2 Foam Concrete and Its Advantages
Foam concrete, also known as lightweight cellular concrete, is a type of concrete that contains a large proportion of air voids produced by the introduction of a stable foam. The foam can be generated by using foaming agents, which can either be synthetic or natural surfactants. One of the primary advantages of foam concrete is its lightweight nature, which results in a reduction in both material usage and energy consumption in transportation and construction (Sadeghian & Ramezanianpour, 2015).
In addition to reduced weight, foam concrete exhibits superior thermal and acoustic insulating properties, making it ideal for use in applications such as partition walls, roofs, and floors in buildings (Neville & Brooks, 2010). However, for foam concrete to be durable and perform well in different environmental conditions, it must maintain its structural integrity over time. Research has indicated that factors such as the stability of foam, water absorption, and compressive strength are critical to its long-term performance (Zhang & Islam, 2013).
2.3 Surfactants in Foam Concrete Production
Surfactants are chemical agents that reduce the surface tension of liquids and help stabilize foam by allowing the bubbles to maintain their shape and size. In foam concrete, the use of surfactants is crucial for producing high-quality foam that remains stable throughout the mixing and curing processes. Surfactants can be either synthetic or natural, and natural surfactants are increasingly being explored due to their eco-friendly nature and lower cost.
Palm kernel oil (PKO), derived from the kernel of the oil palm tree, is a natural, biodegradable surfactant that has shown promising results in stabilizing foam concrete. PKO contains fatty acids that reduce the surface tension of water and facilitate the generation of foam with better stability (Gani & Sajjad, 2019). Studies have found that the addition of PKO improves the foam stability and workability of foam concrete while also enhancing its mechanical properties, such as compressive strength and resistance to cracking. Moreover, PKO-based surfactants are more sustainable compared to synthetic surfactants, which are often petroleum-based (John & Kumar, 2020).

2.4 Hydrogen Peroxide (H₂O₂) as a Foaming Agent
Hydrogen peroxide (H₂O₂) is a chemical compound that, when mixed with certain materials, releases oxygen gas, forming air bubbles in the mixture. This property makes H₂O₂ a widely used foaming agent in the production of lightweight concrete. When added to a concrete mix, H₂O₂ decomposes to form oxygen and water, which results in the formation of stable air voids. The air bubbles reduce the density of the concrete, making it lightweight while maintaining its structural integrity.
The use of H₂O₂ as a foaming agent has been well-documented in various studies. Zhang and Cai (2020) demonstrated that H₂O₂ effectively generates stable and uniform foam in concrete mixes, leading to improved thermal insulation properties and lighter weight without compromising strength. Additionally, H₂O₂ offers the advantage of being a more environmentally friendly alternative to synthetic foaming agents, which can have harmful effects on both the environment and human health. Therefore, H₂O₂ has gained increasing attention as a viable option for producing sustainable foam concrete.
2.5 Curing Methods and Their Influence on Concrete Durability
Curing plays a crucial role in the development of concrete’s strength and durability. Proper curing ensures that the cement hydrates completely, leading to stronger and more durable concrete. Several curing methods are employed in the production of foam concrete, including water curing, steam curing, and air curing. Each method has its advantages and can impact the final properties of the concrete differently.
· Water Curing: This is the most common and traditional method of curing concrete, where the concrete is kept submerged in water for a specific period. Water curing is effective in ensuring full hydration of the cement particles, resulting in high compressive strength and low permeability. However, for foam concrete, which has a relatively higher water-to-cement ratio, excessive water absorption during curing can compromise its properties (John & Kumar, 2020).
· Steam Curing: Steam curing involves exposing the concrete to steam at elevated temperatures. This method accelerates the curing process and is commonly used in precast concrete production. For foam concrete, steam curing can help in achieving a higher early-age strength, but it can also lead to increased shrinkage and cracking if not carefully controlled.
· Air Curing: Air curing is a more sustainable curing method where the concrete is left to cure at ambient temperature. This method is generally slower compared to water or steam curing, but it is more cost-effective and consumes less energy. However, it may not provide the same early-age strength as water or steam curing, especially for foam concrete, which requires careful moisture management to prevent shrinkage cracks.
The choice of curing method significantly influences the durability of foam concrete. Water absorption, compressive strength, and resistance to environmental degradation are all affected by how the concrete is cured (Zhang & Islam, 2013). Therefore, it is essential to consider different curing techniques when evaluating the overall performance of foam concrete, particularly when using alternative additives like PKO and H₂O₂.
2.6 Durability of Foam Concrete
Durability is a critical factor in determining the suitability of foam concrete for construction applications. The durability of foam concrete is influenced by its resistance to water absorption, chemical attacks, and physical degradation over time. Foam concrete tends to be more susceptible to water absorption due to its high porosity, which can lead to reduced strength and increased vulnerability to environmental factors like freeze-thaw cycles, sulfate attack, and carbonation.
Several studies have investigated the durability of foam concrete in different environments. For instance, Zhang and Islam (2013) found that foam concrete with higher air void content and optimized surfactant usage showed better resistance to moisture penetration and chemical attack. The use of natural surfactants such as PKO can help improve the durability of foam concrete by enhancing the stability of the foam and reducing water absorption rates. Moreover, the interaction between foaming agents, surfactants, and curing methods plays a crucial role in determining the long-term durability of foam concrete in real-world applications.




