CHAPTER ONE
INTRODUCTION
1.1 Background of Study
The rapid development of sustainable construction materials has led researchers to explore innovative alternatives to conventional concrete. One such alternative is foam concrete—a lightweight, cellular material known for its thermal insulation and acoustic properties. In recent years, the development of hybrid foam concrete, which combines conventional cementitious materials with additional components to improve its performance, has gained significant attention. This study focuses on the evaluation of water absorption and density of hybrid foam concrete when modified with palm kernel oil solvent (PKOS). The integration of PKOS is a novel approach aimed at altering the microstructure of the concrete matrix, potentially reducing water ingress and optimizing density for specialized applications.
Foam concrete is traditionally produced by incorporating a stable, pre-formed foam into a cement slurry, thereby introducing a large number of closed air voids into the hardened matrix (Smith & Jones, 2014). This process not only reduces the density but also improves the material’s insulating properties. However, one of the main drawbacks of foam concrete is its susceptibility to water absorption due to the interconnected pore network, which can affect durability and long-term performance (Banthia & Gupta, 2006). Previous studies have explored various additives and modifications—ranging from polymers to inorganic fillers—to mitigate these issues. For instance, research by Hassan et al. (2015) demonstrated that the incorporation of certain organic additives could reduce water permeability while maintaining the lightweight characteristics of foam concrete.
Palm kernel oil solvent has recently emerged as a potential additive in concrete technology. Derived from the by-products of palm oil processing, PKOS is rich in fatty acids that can modify the surface tension properties of the concrete matrix. Studies such as those by Adeyemi and Olubambi (2018) have indicated that oil-based solvents can alter the hydration kinetics and pore structure of cementitious materials, leading to improvements in density and reduced water absorption. Given the abundance and relatively low cost of palm kernel oil, its application in hybrid foam concrete represents a sustainable option that could also contribute to waste valorization in palm oil producing regions.
The rationale behind using PKOS in hybrid foam concrete is rooted in its dual ability to act as a modifying agent and a densifier. The fatty acid components in PKOS may interact with the hydration products of cement, leading to the formation of a more refined microstructure with fewer capillary pores. A reduction in pore connectivity is expected to lower the rate of water absorption, which is a critical parameter in assessing the durability of concrete. Furthermore, the use of PKOS may improve the overall density of the material, thereby enhancing its load-bearing capacity and resistance to environmental degradation (Chin & Ng, 2010). Such improvements are essential, especially in applications where both weight reduction and structural integrity are paramount.
The body of literature addressing foam concrete has largely focused on its thermal and acoustic insulation properties, as well as its mechanical performance. However, there is a noticeable gap when it comes to comprehensive studies that evaluate the synergistic effects of combining foam concrete with oil-based additives like PKOS. For example, while studies by Kumar et al. (2017) have delved into the influence of various chemical admixtures on the mechanical properties of lightweight concretes, few have specifically addressed how these additives interact with the foam structure at a micro-level. This study seeks to bridge that gap by systematically investigating how PKOS influences both water absorption and density in hybrid foam concrete.
Water absorption in concrete is a critical factor that influences durability, especially in environments subjected to frequent wetting and drying cycles. High water absorption can lead to the deterioration of the cement paste and subsequent loss of mechanical properties. Therefore, understanding the relationship between the modified microstructure of hybrid foam concrete and its water absorption behavior is crucial. In parallel, density is a key performance metric that directly affects the thermal insulation and structural applications of the material. The dual investigation of these parameters under varying levels of PKOS addition will provide comprehensive insights into optimizing the formulation of hybrid foam concrete for enhanced performance (Ahmed et al., 2020).
In developing this study, previous research has provided a strong foundation. Banthia and Gupta (2006) demonstrated the importance of controlling pore structure in foam concrete to achieve desirable mechanical properties. Their work laid the groundwork for subsequent studies, such as those by Hassan et al. (2015), who focused on the durability aspects of modified foam concrete formulations. Furthermore, research by Adeyemi and Olubambi (2018) on oil-based additives highlights the transformative potential of integrating such solvents into cementitious systems, suggesting that the microstructure and durability of the composite material can be significantly improved.
This study is particularly timely given the global emphasis on sustainability in construction. By utilizing an agricultural by-product such as palm kernel oil solvent, the research not only seeks to improve material performance but also contributes to the sustainable use of local resources. The environmental benefits of using PKOS, coupled with the potential cost savings, make it a promising candidate for large-scale applications in regions where palm oil production is prevalent.
The primary objectives of this study are twofold: firstly, to evaluate how the incorporation of PKOS affects the water absorption characteristics of hybrid foam concrete; and secondly, to assess its impact on the density of the material. Through rigorous laboratory testing, including standardized water absorption tests and density measurements, this research will elucidate the mechanisms by which PKOS modifies the internal structure of foam concrete. The outcomes of this study are expected to provide valuable guidelines for the formulation of advanced, sustainable building materials that meet the dual demands of performance and environmental responsibility.
1.2 Statement of the Problem
Despite the growing popularity of foam concrete in lightweight construction, one of the persistent challenges is its inherent susceptibility to water absorption due to its porous nature. High water absorption rates can compromise the durability and mechanical strength of the material, leading to premature degradation when exposed to aggressive environments. Moreover, while various modifications and additives have been explored to mitigate this issue, there remains a significant gap in research concerning the use of oil-based additives—specifically, palm kernel oil solvent (PKOS)—in hybrid foam concrete formulations. The potential of PKOS to refine the pore structure and enhance density has not been comprehensively investigated, leaving uncertainty about its effectiveness and optimal application in reducing water ingress while maintaining or improving the material's structural integrity.
In addition, while conventional studies have focused on the general properties of foam concrete, the interplay between water absorption and density in hybrid formulations modified with PKOS remains largely unexplored. This lack of data poses a challenge for engineers and material scientists who seek to develop sustainable and durable concrete materials, particularly in regions where palm oil by-products are abundant. Consequently, there is a need to systematically evaluate how varying concentrations of PKOS affect the water absorption behavior and density of hybrid foam concrete, thereby addressing both the durability concerns and the need for environmentally sustainable construction practices. This study aims to bridge that knowledge gap by providing empirical evidence and detailed analysis to guide future applications of PKOS in foam concrete technology.
1.3 Aim and Objectives of the Study
The aim of this research study is to evaluate the water absorption and density of hybrid foam concrete using palm kernel oil solvent
The objectives of this study are to;
i. Determine the effect of incorporating palm kernel oil solvent (PKOS) on the water absorption properties of hybrid foam concrete.
ii. Investigate how different concentrations of PKOS influence the density of hybrid foam concrete.
iii. Identify the optimal PKOS dosage that minimizes water absorption while maintaining or enhancing the desired density and overall mechanical properties of the concrete.

1.4.	Justification of Study
The study is justified by the need to enhance the durability and performance of foam concrete, which is often limited by its high water absorption due to a porous structure. Incorporating palm kernel oil solvent (PKOS) could refine the microstructure, reduce porosity, and thereby improve the long-term resilience of hybrid foam concrete. This potential improvement is crucial for developing construction materials that can better withstand environmental stressors while maintaining lightweight and thermal insulation properties.
Additionally, using PKOS—a by-product of palm oil production—addresses economic and sustainability concerns by valorizing waste materials and reducing production costs. This research bridges a notable gap in the literature regarding oil-based additives in concrete, contributing valuable insights into optimizing mix designs for enhanced mechanical properties and environmental performance.
1.5	Scope of Study
The scope of this study is confined to the evaluation of water absorption and density in hybrid foam concrete modified with palm kernel oil solvent (PKOS). The research will involve the preparation of various concrete mixes with differing concentrations of PKOS, followed by laboratory tests to measure water uptake over time and determine the corresponding density of the hardened material. The study will also include a basic microstructural analysis to understand the modifications induced by PKOS in the foam concrete matrix.
This investigation will be conducted under controlled laboratory conditions and is limited to analyzing the effects of PKOS on water absorption and density. Other potential properties such as compressive strength, thermal conductivity, long-term durability, and resistance to chemical attacks are beyond the scope of this study. The findings are intended to provide preliminary insights into the viability of using PKOS as an additive for improving foam concrete properties, laying the groundwork for future, more comprehensive studies.
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