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ABSTRACT
This study investigates the durability of hybrid foam concrete modified with palm kernel oil surfactant under various curing conditions. As the construction industry seeks sustainable materials, hybrid foam concrete, known for its lightweight and insulating properties, presents a promising solution. The research addresses a critical gap regarding the long-term durability of this material, particularly concerning how natural surfactants, like palm kernel oil, interact with different curing methods.
The study comprises an experimental design involving the preparation of concrete samples with a constant concentrations of palm kernel oil surfactant (1%) and subjecting them to three curing methods: water curing, air curing, and steam curing. Durability assessments included compressive strength and finding the density of the 18 cubes casted.
Results indicated that the optimal surfactant concentration of 1% significantly enhanced the compressive strength, particularly under water curing conditions. Additionally, samples demonstrated improved resistance to chemical attacks, suggesting that palm kernel oil surfactant positively influences the durability of hybrid foam concrete. This study provides valuable insights for promoting sustainable construction practices by utilizing eco-friendly surfactants while maintaining performance standards.


CHAPTER ONE
[bookmark: _Hlk197423092]INTRODUCTION
1.1 BACKGROUND OF THE STUDY
Concrete is one of the most widely used building materials worldwide, owing to its versatility, durability, and relatively low cost. However, traditional concrete, while strong and reliable, can be heavy, energy-intensive to produce, and prone to issues such as poor thermal insulation. With increased focus on global energy conservation and emission reduction, building energy conservation, as an important part of energy conservation and emission reduction, has attracted extensive attention of researchers globally [Sadeghian, O et al (2021), Mukhtar, M et al (2021)], Lightweight concrete, particularly foam concrete, has emerged as an alternative that addresses many of these challenges. Foam concrete is a lightweight, porous material created by introducing air bubbles into the concrete mix, resulting in a significant reduction in density without compromising its workability. It offers several benefits, including thermal insulation, fire resistance, and reduced transportation costs due to its lower weight (Kumar et al., 2019). These properties make it an ideal choice for applications such as partition walls, insulation blocks, and filling materials in construction. However, at present, foam concrete is not widely used for wall insulation owing to inadequate strength and dry bulk density [Cheng, B et al (2022)], The foaming agent and foam stabiliser are the key constituents affecting the performance of foam concrete. They affect the air content, fluidity, and volume stability of the fresh slurry and ultimately affect the dry bulk density and strength of the hardened body Hou, L et al (2021)]. 
Generally, the thermal insulation performance of foam concrete can be improved by increasing the porosity [Ramamurthy, K et al (2009)]. Lian et al(2011). found that, similarly to several types of porous media, the strength of porous concrete is significantly affected by the porosity of its internal structure. Jiang et al. produced a fire-resistant, low-cost, and highly porous foam concrete by adding preformed foam. The foamed concretes exhibited porosities in the range of 88.5–95.4%, compressive strengths in the range of 0.12–0.75 MPa, and low thermal conductivities in the range of 0.036–0.063 W/m·K.
With the advantages, foam concrete has limitations, primarily related to its durability. The high air content in foam concrete, while contributing to its lightness, creates a highly porous structure that can be susceptible to environmental degradation. The material tends to absorb water easily, leading to issues such as cracking, reduced compressive strength, and vulnerability to freeze-thaw cycles (Zhang et al., 2020). These limitations hinder its use in structural applications and areas exposed to harsh environmental conditions.
One potential solution to these challeixnges is the addition of surfactants to stabilize the foam and improve the mechanical properties of foam concrete. Surfactants lower the surface tension of water, promoting the uniform distribution of air bubbles and improving the material's stability. Palm kernel oil, a natural and renewable resource, has gained attention as an environmentally friendly alternative to synthetic surfactants. The use of palm kernel oil in concrete not only enhances the foam stability but may also impart sustainability benefits, as palm kernel oil is biodegradable and less toxic compared to conventional chemical surfactants (Alwi et al., 2020). Recent studies have shown that incorporating natural surfactants like palm kernel oil into foam concrete could improve workability, reduce segregation, and increase strength over time (Alwi et al., 2020).

1.2 PROBLEM STATEMENT
While hybrid foam concrete offers significant benefits in terms of weight reduction and thermal insulation, its durability remains a critical issue. The porous nature of foam concrete leads to high water absorption, which weakens the material's structural integrity over time, particularly when exposed to moisture, and extreme temperatures. These durability issues severely limit the practical application of foam concrete in load-bearing structures and environmentally challenging conditions (Zhang et al., 2020).

1.3 JUSTIFICATION OF THE STUDY
The construction industry is increasingly focused on sustainability, energy efficiency, and the use of green building materials. As a result, the demand for lightweight and energy-efficient construction materials is on the rise. hybrid foam concrete, particularly with the inclusion of natural surfactants such as palm kernel oil, offers a promising solution by combining eco-friendly characteristics with superior thermal insulation. However, its widespread adoption is hindered by concerns related to durability, particularly under exposure to water, freeze-thaw cycles, and high humidity.
The addition of palm kernel oil surfactant could provide significant improvements in foam concrete's foam stability, mechanical strength, and resistance to moisture. Moreover, using natural additives aligns with the growing trend of sustainable building materials, reducing reliance on synthetic chemicals and promoting the use of renewable resources in construction. 
Furthermore, curing is a crucial factor in determining the performance and durability of concrete. Different curing conditions can accelerate or slow down the hydration process and affect the material's microstructure. Understanding how various curing techniques impact palm kernel oil-enhanced foam concrete could lead to improved recommendations for optimizing curing practices to maximize the concrete's long-term durability.
Given the promising prospects of palm kernel oil in foam concrete, this study will fill a critical knowledge gap by assessing how its use affects durability across a range of curing conditions. This will not only improve our understanding of sustainable foam concrete but also offer practical insights for construction applications in a variety of environments, potentially contributing to more eco-efficient building materials and methods.


1.4 AIM OF THE STUDY
[bookmark: _Hlk188965430]Investigation of the durability of hybrid foam concrete with palm kernel oil surfactant under different curing conditions.




1.5 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.
1.6 SCOPE OF THE STUDY
This study will focus on the durability of hybrid foam concrete that incorporates palm kernel oil surfactant, with an emphasis on the impact of curing conditions, concrete's compressive strength, water absorption, freeze-thaw resistance, and microstructure. The scope includes:
· Material Selection: Ordinary Portland Cement (OPC), palm kernel oil surfactant, fine aggregates, and water.
· Experimental Design: Foam concrete will be prepared with varying concentrations of palm kernel oil (0.5%, 1.0%, and 1.5% by weight of cement). Curing will occur under three conditions: water curing, air curing, and steam curing.
· Testing Parameters: Compressive strength, water absorption, freeze-thaw resistance.
· Geographical Scope: Laboratory-based study, excluding real-world field testing.
The findings from this research will contribute to the development of durable, sustainable foam concrete, offering insights into how surfactants and curing techniques can be optimized for improved performance in various construction applications, particularly in environmentally demanding contexts.

CHAPTER TWO
LITERATURE REVIEW
 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 levelling [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 [Bayraktar, O.Y 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 [Liu, 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)]. 
[bookmark: _Hlk198228400]
CHAPTER THREE
METHODOLOGY
3.1 INTRODUCTION
This study adopts an experimental method to refine the hybrid foam concrete mix design by using palm kernel oil-based surfactants. The approach focuses on developing, testing, and analysing various mix compositions to achieve an optimal balance between density and compressive strength, considering different curing conditions (air, water, and steam) and also the splitting tensile strength.
The research was carried out in several stages: initially, materials were sourced and prepared; next, trial mixes were performed to establish the final concrete mix design; then, concrete cubes measuring 150 mm by 150 mm by 150 mm were cast; and finally, these cubes were crushed to measure their crushing load and compressive strength, using a 1:2 nominal mix composed of 50% stone dust and 50% sharp sand with a water-to-cement ratio of 0.75.


3.2 MATERIALS NEEDED
The materials utilized in this study comprised cement, water, aggregates (stone dust and sharp sand), palm kernel oil, and foaming agents (SLS). These materials were used to cast concrete cubes measuring 150 mm × 150 mm × 150 mm. The batching was done using a 1:2 mix ratio, and the concrete was poured into molds of the same dimensions. After casting, the molds were removed after 24 hours, and the samples were then placed in a curing container. Curing was carried out for periods of 7, 14, and 28 days, during which tests for crushing strength, density, and compressive strength were performed.
Below is a brief overview of the materials:
3.2.2 PORTLAND LIMESTONE CEMENT: Portland Limestone Cement Typically Grade 42.5R, as specified in ASTM C150-20 and BS EN 197-1:2011 was used during this research. The cement serves as the primary binder in foam concrete. The cement is gotten from a cement store around the school area in Ilorin, Kwara State. Each bag of PLC is 50kg in size. 

3.2.3 SHARP SAND: as it is one of the most important components in the mix, Sharp sand, also known as coarse sand, is typically obtained from quarries, riverbeds, or other natural sources. It is essential to source the sharp sand from reputable suppliers to ensure it is clean, free from impurities, and properly graded
[image: 30 Tonnes Truck Sharp Sand - Oya Construct]
Fig3.2 sharp sand from nearby quarry

3.2.4 HYBRIDIZED STONE DUST (COARSE AGGREGATE): Stone dust is been introduced as a hybridized coarse aggregate in the mix. Since, there is no need for coarse aggregate in foam concrete to reduce its weight and density. Stone dust is collected from quarry sites and sieved using a 1.7mm sieve to remove particles. The gradation is verified as per ASTM C33/C33M. 




fig 3.3: stone dust from a nearby quarry

3.2.5 PALM KERNEL OIL-BASED SURFACTANTS: Palm kernel oil-based surfactants are derived from the oil extracted from the seeds of the palm kernel through processes such as polyesterification or amidopropylation. PKO-S is been gotten from a nearby market around Ilorin metropolis.
3.2.6 WATER: Water is essential for hydration and foam generation. Potable water is been used for mixing and curing, conforming to ASTM C1602. The water used for this work was obtained from the nearby water source at Institute of Technology, Kwara State Polytechnic, Ilorin. The water was free from injurious amount of oil, acid, organic matter, alkali and other deleterious substances 
3.2.7 FOAMING AGENT: Sodium Lauryl Sulfate (SLS) is a commonly used foaming agent in foamed concrete. The SLS is sourced for in OJA TUNTUN market, Ilorin.


	
3.3. METHODS
Six samples of foamed concrete were produced for optimization, two for each curing conditions Optimization will be between a sample with PKO-S and another without PKO-S. The mix ratio used for both samples is 1:2:0.75 where 1 is the ratio for the binder (PLC), 2 is the ratio divided between the aggregates (sharp sand 50% and Stone dust 50%), and the water/cement ratio used is 0.75, The foaming agent varies in response to the water cement ratio.
Mixing Procedure:
· Weigh the Portland Limestone Cement (PLC), sharp sand, stone dust, SLS, and palm kernel oil.
· Mix the cement with part of the water from the water/cement ratio to form a cement paste.
· In a separate container, dissolve the SLS in a small amount of water to prepare a foam solution.
· Add the sharp sand and stone dust in their respective proportions, stirring continuously until the mixture is uniform. The remaining water is added gradually to achieve a smooth consistency.
· Incorporate the generated foam into the wet mix and blend thoroughly.
· Add the palm kernel oil to the mixture.
· Continue mixing the combined foam concrete for an additional 3 to 4 minutes before pouring it into cleaned molds.
· After 24 hours, remove the cube molds and immerse the samples in a water tank for curing.
Mix Proportioning:
· PKO-S concentrations is definite 1%
· The water-to-binder ratio follows the required water-to-cement ratio (0.75 was incorporated)
· The Foaming agents also is in concentration with the water – cement ratio.
· Specimens (150 mm x 150 mm x 150 mm cubes) were casted, compacted, and cured in water for 7, 14, and 28 days.
Various types of tests were carried out on the sample to check for the compressive strength and density of the Foam Concrete, and to know the effect of Palm Kernel Oil Based Surfactant on the sample. The following test was carried out by following the code of practice:
Compressive Strength: The compressive strength test is a standard method for determining the strength of concrete. The compressive strength test was conducted using the ASTM C39/C39M standard. During this research, 18 cubes of 150 mm x 150 mm x 150 mm of concrete were been casted and cured for 7, 14 and 28 days (2 cubes for each curing conditions) in water of average room temperature after 24 hours of casting. The specimens were tested for compressive strength by applying compressive load to the specimen until it crushes. Therefore, the maximum load is recorded which is given by N/mm2. The compressive strength is then calculated using the formula:

Where:
Maximum load (N) = The maximum load from the machine until failure
Cross – sectional Area (mm2) = The area of the cube

[bookmark: _Hlk197439511]











	














[bookmark: _Hlk198228447]	CHAPTER FOUR		RESULTS AND DISCUSSIONS
4.1	Properties of Materials
The table below shows the properties of materials used in this research project.
Table 4.1	Properties of Materials Used
	Materials
	Density (Kg/m3)

	Stone Dust
	1800

	Sharp sand 
	1400

	Cement
	1440

	SLS
	

	Water
	0.75

	PKO
	1%



4.2	Density
	The tables below show the weight of each specimen cubes in 7, 14 and 28 days
Table 4.2 Weight of Specimen Cubes In 7 Days
	Days
	Curing Method
	% Of PKO
	Weight(g)
	
	
	
	

	


7
	Air
	1%
	7023
	
	
	
	

	
	
	
	6560
	
	
	
	

	
	Water
	1%
	7101
	
	
	
	

	
	
	
	7253
	
	
	
	

	
	Steam
	1%
	6800
	
	
	
	

	
	
	
	6680
	
	
	
	



Table 4.3	Weight of Specimen Cubes in 14 days
	Days
	Curing Method
	% Of PKO
	Weight(g)
	
	
	
	

	


14
	Air
	1%
	7083
	
	
	
	

	
	
	
	6508
	
	
	
	

	
	Water
	1%
	7215
	
	
	
	

	
	
	
	7375
	
	
	
	

	
	Steam
	1%
	6640
	
	
	
	

	
	
	
	6809
	
	
	
	





Table 4.4	Weight of Specimen Cubes in 28 days
	Days
	Curing Method
	% Of PKO
	Weight(g)
	
	
	
	

	


28
	Air
	1%
	6870
	
	
	
	

	
	
	
	5995
	
	
	
	

	
	Water
	1%
	7377
	
	
	
	

	
	
	
	6893
	
	
	
	

	
	Steam
	1%
	6101
	
	
	
	

	
	
	
	6498
	
	
	
	



Table 4.5	Average Weight of Specimens for 7, 14 and 28 days
	Days
	Curing Method
	% of PKO
	Average Weight(G)
	
	
	
	

	
7
	Air
	1%
	6791
	
	
	
	

	
	Water
	
	7177
	
	
	
	

	
	Steam
	
	6740
	
	
	
	

	
14
	Air
	1%
	6796
	
	
	
	

	
	Water
	
	7295
	
	
	
	

	
	Steam
	
	6725
	
	
	
	

	
28
	Air
	
	6433
	
	
	
	

	
	Water
	1%
	7135
	
	
	
	

	
	Steam
	
	6300
	
	
	
	



Table 4.6	Density of The Specimens i.e Density= weight/volume of cubes 
	Days
	% of PKO
	Average weight (g)
	Density (Kg/m3)
	
	
	
	

	7
	1%
	6791
	2012
	
	
	
	

	
	
	7177
	2127
	
	
	
	

	
	
	6740
	1997
	
	
	
	

	14
	1%
	6796
	2014
	
	
	
	

	
	
	7295
	2161
	
	
	
	

	
	
	6725
	1993
	
	
	
	

	28
	1%
	6433
	1906
	
	
	
	

	
	
	7135
	2114
	
	
	
	

	
	
	6300
	1867
	
	
	
	



Density chart fig 4.1
From the chat and table, it was derived that the density of hybrid foam concrete increases alongside the curing conditions (air and steam) in relation with the number of curing days, and also it varies for water curing condition it tends to decrease after 14days.

4.3	Compressive Strength
	Compressive strength is the capacity of a material or structure to withstand loads tending to reduce size. It is defined as the maximum compressive stress a material can bear before it fractures or deforms permanently. The result of this test is used as a basis for quality control of concrete proportioning, mixing, placing operations and determination of compliance with specification. 
For this project, batching by weight was adopted and the 7th, 14th and 28th day compressive strength of foam concrete using palm kernel oil as surfactant, for a nominal mix ratio of 1:2 (50% Stone Dust and 50% sharp sand), at water/cement ratio of 0. .75.The results are as shown below
Table 4.7:	Compressive strength of sample at 7, 14 and 28 days of curing.
	Days
	% of PKO
	Average weight (g)
	Average Crushing load(KN)
	Compressive strength (KN/ m2 )
	
	
	
	
	

	

7
	
	6791
	50
	2222
	
	
	
	
	

	
	1%
	7177
	45
	2000
	
	
	
	
	

	
	
	6740
	40
	1778
	
	
	
	
	

	

14
	
	6796
	60
	2668
	
	
	
	
	

	
	1%
	7295
	80
	3556
	
	
	
	
	

	
	
	6725
	60
	2667
	
	
	
	
	

	

28
	
	6433
	80
	3556
	
	
	
	
	

	
	1%
	7135
	100
	4444
	
	
	
	
	

	
	
	6300
	93
	4133
	
	
	
	
	




Fig: 4.2 Compressive strength chart 
The compressive strength from the chat and table, signifies that water curing has the highest compressive strength followed by the steam curing, there is an increase in the compressive strength of hybrid foam concrete in respect to the curing days and conditions.

[bookmark: _Hlk198277857]CHAPTER FIVE
Conclusion
i. Palm kernel oil-based surfactant (PKO-S) successfully reduces the density of hybrid foam concrete, achieving densities as low as 1828 kg/m³ cubes, making it suitable for lightweight construction applications.
ii. While PKO-S stabilizes foam effectively, the material exhibits variable compressive strength, peaking at 4444 KN/m2 having being the highest, highlighting the need for further material optimization to enhance long-term strength and durability.
iii. The curing stage plays a significant role in foam concrete production, and steam curing emerges as the most effective method, yielding greater strength compared to air or water curing.
iv. The use of 1% palm kernel oil significantly enhanced concrete strength, particularly with steam curing. However, the decline in strength observed in water and air-cured samples after 14 days suggests that further increasing the palm kernel oil concentration may lead to even greater strength gains, warranting further investigation
Recommendations
i. Based on the observed strength enhancements, it is recommended to explore higher concentrations of palm kernel oil beyond 1% to determine the optimal dosage for maximum strength gains in concrete, particularly with steam curing
ii. Conduct pilot tests in non-load-bearing applications (e.g., partition walls) to validate practical performance.
iii. Since sourcing for PKOS and stone dust is very affordable, the use of PKOS and stone dust should be encouraged in the making of foamed concrete.
iv. Further studies need to be carried out to improve the compressive strength of Foam concrete either through adding of additives or aggregates. 
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fig 3.7 : Sieving of Stone dust


fig 3.6 : Weighed Materials before mixing


Fig 3.8: Crushing of Concrete Specimen


Fig 3.9: Removal of Samples After Crushing


Fig 3.10: Cubes & Cylinderical Samples Before Crushing


Fig 3.11: Compressive Test Machine


Fig 3.1. Sokoto Cement of 42.5R


Density Chart
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Compressive Strength Chart
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