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Polyurethane foam was synthesized using polyether polyol and water-based 

blowing agents, with the inclusion of a flame retardant and silicone surfactant to 

enhance its performance and durability. The foam's mechanical and thermal 

properties were systematically characterized, focusing on density, indentation 

force deflection (IFD), tensile strength, elongation at break, compression set, 

resilience, and fatigue resistance. Testing was conducted following ASTM 

standards to ensure reliability and comparability. 

The foam exhibited a density of 71.40 ± 2.50 kg/m³, an IFD of 6.90 ± 1.25 N at 25% 

deflection, tensile strength of 0.22 ± 0.03 MPa, elongation at break of 69.00 ± 

5.00%, compression set of 11.30 ± 1.50%, and resilience of 65.00 ± 5.50%. 

Dynamic and static fatigue tests confirmed minimal degradation under cyclic and 

sustained loading, demonstrating its robustness. While its tensile strength and 

elongation at break were slightly lower than standard polyurethane foams, its 

other properties, including thermal insulation and durability, aligned well with 

industry requirements. 

This study highlights the foam's potential for applications in bedding, automotive, 

and insulation materials due to its balance of mechanical performance and long-

term durability. Future research should optimise mechanical properties and 

explore sustainable formulation components to enhance its environmental 

profile while maintaining its commercial viability. 
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1.0 INTRODUCTION 

Polyurethane foams are indispensable in many industries 

due to their exceptional combination of thermal 

insulation, mechanical strength, and comfort properties. 

These versatile materials are utilized in everything from 

thermal insulation in the construction and automotive 

sectors to consumer products such as mattresses, seating 

cushions, and packaging materials [1]. The synthesis of 

these foams generally involves a reaction between 

polyols and isocyanates, in combination with blowing 

agents that generate the foam’s cellular structure. 

Traditionally,  polyurethane foams were produced using 

environmentally harmful blowing agents such as 

chlorofluorocarbons (CFCs) and hydrochlorofluorocarb- 

 

 

ones (HCFCs), which contributed to ozone depletion and 

global warming [2]. Due to growing environmental 

concerns, there has been a significant shift toward the use 

of more sustainable blowing agents, such as water-based 

alternatives, which are less harmful to the environment 

and provide enhanced stability and insulation properties 

[3]. Aside from addressing environmental concerns, 

there is a growing need to optimize the mechanical and 

physical properties of polyurethane foams to ensure their 

suitability for various applications. Additives such as 

flame retardants and silicone surfactants have been 

incorporated into foam formulations to improve fire 

resistance, thermal stability, and resilience [4].     

http://www.tjchem.org/
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However, despite these advances, a thorough 

understanding of how formulation parameters, including 

the choice of polyol, blowing agents, and additives, 

influence the foam’s performance remains essential. This 

study aims to develop and characterize a polyurethane 

foam formulation using polyether polyol and eco-friendly 

water-based blowing agents while evaluating its 

mechanical properties and overall performance in 

various applications. 

 

In this study, a comprehensive set of property tests were 

performed to evaluate the foam’s suitability for 

applications requiring both comfort and insulation. Each 

property test provides valuable insights into the foam's 

structural integrity, long-term durability, and 

performance under varying conditions. These tests 

include foam density, indentation force deflection (IFD), 

tensile strength, elongation at break, compression set, 

resilience, airflow, dynamic fatigue, static fatigue, and 

rise time. Each of these tests plays a critical role in 

understanding the material’s behaviour and its potential 

applications. 

 

Foam density is a key determinant of both thermal 

insulation and mechanical performance. Lower-density 

foams generally offer superior thermal insulation, as they 

trap more air within their structure, reducing heat 

transfer [5]. However, foams with lower densities may 

exhibit reduced mechanical strength, such as lower 

compressive strength and resilience. Measuring the 

foam density allows us to assess the structural integrity 

and insulation capabilities of the foam, which are critical 

for applications in thermal insulation and comfort 

products. The foam density is directly influenced by the 

choice of blowing agents and the polymer content, and 

in this study, we specifically examined how the 

formulation of water-based blowing agents affects the 

foam's density and its potential for insulation [6]. 

 

Indentation Force Deflection (IFD) measures the foam's 

firmness or stiffness, which is directly related to its load-

bearing capacity. IFD is a critical parameter for 

evaluating foams used in comfort products such as 

mattresses, automotive seating, and cushioning 

materials, where both load-bearing and comfort 

properties are important [6]. The IFD is typically 

measured at different deflections (e.g., 25% and 65%) to 

capture the foam’s performance under different levels of 

compression. A higher IFD value indicates a firmer foam, 

which is desirable in applications requiring greater 

support, whereas a lower IFD value is typically seen in 

softer foams that are preferred for comfort [7]. By 

measuring IFD, we can determine the balance between 

the foam's firmness and comfort, particularly for 

applications where prolonged load-bearing is needed. 

 

Tensile strength is a critical property that measures the 

foam’s ability to resist stretching forces without failing. 

This property is important for applications that require 

flexible yet durable materials, such as automotive 

seating and flexible insulation [3]. Elongation at break, 

on the other hand, quantifies the foam's ability to stretch 

before it breaks, providing insight into its elasticity. 

Foams with higher elongation at break are better suited 

for applications requiring repeated deformation and 

flexibility [7]. By testing both tensile strength and 

elongation at break, this study provides a complete 

picture of the foam's flexibility and resistance to 

mechanical stress, which is crucial for dynamic 

applications such as seating cushions, mattresses, and 

sports equipment. 

 

The compression set test evaluates the foam’s ability to 

recover its original shape after being subjected to 

compression over a specific period. This test is 

particularly relevant for applications that require long-

term comfort retention, such as mattresses and cushions. 

Foams with low compression set values indicate 

excellent resilience, meaning they can retain their 

original shape even after prolonged compression [8]. A 

foam with a low compression set is ideal for applications 

where repeated compression is expected, such as in 

bedding materials and seating. The compression set 

value can also provide insights into the foam's durability 

over time, as foams with higher compression set values 

tend to degrade and lose their initial comfort 

characteristics more quickly [9]. 

 

Resilience refers to the foam's ability to recover from 

compression, or how quickly the foam regains its original 

shape after being deformed. This property is especially 

important for cushioning applications, where foam needs 

to provide rapid recovery after load removal to maintain 

comfort and support [9]. High resilience is desirable in 

products like mattresses and seats, where quick 

recovery contributes to a more comfortable user 

experience. By testing resilience, we can assess how the 

foam performs in environments where repeated 

compression and decompression occur, helping to 

determine its suitability for dynamic applications that 

require durability and comfort. 

 

Airflow is a measure of the foam's porosity, which directly 

impacts its breathability and thermal insulation 

properties. Foams with higher airflow generally provide 

better thermal insulation, as they allow air to circulate 

more easily through the foam, reducing heat buildup. 

Airflow is particularly important in applications where 

thermal management and comfort are key, such as in 

mattresses, cushions, and protective packaging 

materials [4]. This test is valuable for evaluating how the 

foam’s structure influences its insulation performance 

and comfort characteristics. 

 

Dynamic fatigue testing simulates the effect of repeated 

compressive forces over time, while static fatigue testing 

simulates the effect of sustained, constant loads. These 

tests are crucial for assessing the foam's long-term 

durability and its ability to perform under conditions of 

repeated or continuous stress. Dynamic fatigue testing is 

particularly relevant for applications such as automotive 

seating and sports equipment, where materials undergo 

frequent compression and decompression [4].  

 

Static fatigue, on the other hand, evaluates the foam's 

performance under sustained loading, making it critical 

for applications in construction and insulation, where the 

foam is subject to constant pressure over long periods. 

Rise time refers to the time required for the foam to 

expand and set after the components are mixed. A 

shorter rise time indicates a faster processing time, 

which can be advantageous in large-scale industrial 

production [2]. While rise time may not directly affect the 

foam's physical properties, it is an important operational 

parameter that can influence the efficiency and 

scalability of foam production processes. Understanding 
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and controlling rise time is essential for optimizing 

production efficiency in commercial manufacturing 

settings. 

 

Therefore, this study aims to comprehensively evaluate 

polyurethane foams produced using water-based 

blowing agents. The results from these tests will help 

better understand the material’s performance across 

various practical applications, such as insulation, comfort 

products, and structural components. Additionally, the 

findings will contribute to optimizing the formulation and 

processing of polyurethane foams, with a particular focus 

on environmental sustainability and improved 

performance in various industries. 

 

2.0 MATERIALS AND METHODS 

 

2.1. Materials 

The raw materials used in the synthesis of polyurethane 

foam were of high commercial grade and sourced from 

reputable suppliers. The polyol used in the preparation 

of Component A was Polyether Polyol (Mw = 4000 

g/mol), which served as the backbone for the foam's 

structure. The polyol was purchased from BASF 

Corporation. The isocyanate used Diphenylmethane 

Diisocyanate (MDI), with a molecular weight of 250 

g/mol, was obtained from Huntsman International LLC. 

The MDI was the primary crosslinking agent, 

contributing to the foam’s rigid structure. The blowing 

agent used was Water, which, when reacted with the 

isocyanate, generated carbon dioxide (CO₂) and caused 

the foam to expand. Dimethyl Ethanol Amine (DMEA) was 

utilized as the catalyst to accelerate the polymerization 

process, sourced from Sigma-Aldrich. The surfactant 

Silicone Surfactant was added to stabilize the foam 

structure and improve cell uniformity, and it was 

obtained from Dow Chemicals. Additionally, Flame 

Retardant Additive (FR) was incorporated into the foam 

formulation to improve fire resistance, purchased from 

Clariant [11-19]. 

 

2.2. Synthesis of Polyurethane Foam 

The synthesis of polyurethane foam followed a two-

component system: Component A (polyol mixture) and 

Component B (isocyanate mixture), prepared as follows: 

 

Component A 

The polyether polyol (20 parts by weight) was mixed with 

Silicone Surfactant (0.5 parts by weight) and Flame 

Retardant Additive (FR) (0.5 parts by weight). The 

mixture was stirred for 5 minutes at room temperature 

(25°C) to ensure a homogeneous blend. Water (2 parts 

by weight) was added to Component A to act as the 

primary blowing agent. 

 

Component B 

The MDI (80 parts by weight) was mixed with Dimethyl 

Ethanol Amine (DMEA) (0.1 parts by weight) as a catalyst 

for the reaction. The reaction temperature was controlled 

at 40°C to facilitate proper polymerization. The 

isocyanate mixture was stirred for 3 minutes to ensure 

complete dissolution of the catalyst. 

Both components were mixed thoroughly by hand for 

about 30 seconds to initiate the reaction. The mixture was 

then poured into a mold, which expanded, solidified, and 

formed a rigid foam. The reaction time was  

Controlled for 15 minutes, ensuring complete 

polymerization before the foam was removed from the 

mold. 

 

2.3 Characterization Methods 

The physical and mechanical properties of the 

polyurethane foam were characterized using standard 

test methods to evaluate its suitability for various 

applications. The following tests were carried out: 

 

Density 

The density of the foam was determined according to the 

ASTM D1622-08 standard, where the foam sample was 

weighed and its volume calculated by the displacement 

method. Density is an important parameter as it 

influences the foam's strength, thermal insulation, and 

comfort characteristics [12]. 

 

Indentation Force Deflection (IFD) 

The IFD, an indicator of the foam's firmness, was 

measured using the ASTM D3574-20 standard. A 50 mm 

diameter probe was used to measure the force required 

to compress the foam by 25% at room temperature 

(25°C). IFD values directly correlate with comfort 

applications, such as cushions and mattresses [13]. 

 

Tensile Strength and Elongation at Break 

The tensile strength and elongation at break were 

determined using the ASTM D412-19 method. Foam 

specimens (dimensions of 50 mm x 200 mm) were tested 

at a crosshead speed of 100 mm/min. Tensile strength 

measures the maximum stress the foam can withstand, 

while elongation at break assesses its flexibility and 

ductility, crucial for dynamic applications like 

automotive seating [11,12]. 

 

Compression Set 

The foam's compression set was measured following 

ASTM D395-14, which quantifies the foam’s ability to 

return to its original shape after being subjected to a 

compression force for a specified period. The sample 

was compressed at 25% of its original thickness and held 

for 24 hours at room temperature. The compression set 

value is critical in assessing foam's durability, especially 

in mattresses where long-term comfort retention is 

necessary [14]. 

 

Resilience 

The resilience of the foam was tested using the ASTM 

D3574-20 standard method. A standard 50 mm diameter 

steel ball was dropped from a height of 20 cm onto the 

foam surface, and the rebound height was measured. The 

resilience test provides insight into the foam's ability to 

recover from compression, which is important for 

cushioning applications [15]. 

 

Dynamic and Static Fatigue: 

The dynamic fatigue test, as outlined by ASTM D3574-20, 

was performed using a mechanical testing machine to 

simulate continuous compression cycles (approximately 

100,000 cycles) on the foam. Static fatigue was tested by 

applying a constant static load and observing the foam’s 

performance over 100 hours. These tests are relevant for 

applications where foam is subjected to repetitive stress 

or constant load, such as automotive and industrial use 

[16]. 

 

 



     Onaifo et al.                                                                                  Trop. J. Chem., Jan. 2025; 1(1): 31 – 36 

34 

2.4 Experimental Conditions 

The temperature during the synthesis of the 

polyurethane foam was controlled at 40°C to ensure 

optimal polymerization and crosslinking. The reaction 

time was limited to 15 minutes to prevent over-expansion 

and ensure foam consistency. Mixing speeds were kept 

consistent to avoid air entrapment and maintain uniform 

foam density. All experiments were conducted in 

triplicate to ensure statistical reliability, and the results 

were averaged to minimize experimental error. Sources 

of error, including temperature fluctuations, variations in 

mixing times, and humidity levels, were minimized by 

controlling laboratory conditions and performing all tests 

under similar environmental settings. 

 

2.5 Statistical Analysis 

Data obtained from the characterization tests were 

analyzed using standard statistical methods. Standard 

deviation and coefficient of variation (CV) were 

calculated to determine the consistency of the foam’s 

performance across replicates. The foam properties 

were then compared to the published values for standard 

polyurethane foams in the literature, providing a basis 

for evaluating its suitability for specific applications. 

 

3.0 RESULTS AND DISCUSSION 

 

Foam Density 

As shown in Table 1, the foam density for the test sample 

was 71.40 ± 2.50 kg/m³, which falls within the typical 

range for standard polyurethane foams (40.00–150.00 

kg/m³). This density is consistent with the expected 

range for foams produced with 25% polymer content and 

water-based blowing agents [2]. Lower-density foams 

exhibit superior thermal insulation but may show 

reduced mechanical properties such as compressive 

strength [5]. The test foam exhibited reasonable 

insulation properties while maintaining moderate 

mechanical strength, aligning with expectations for this 

density range. 

 

Indentation Force Deflection (IFD) 

The IFD at 25% deflection for the test foam was 6.90 ± 1.25 

N, similar to the standard polyurethane foam range (7.10–

8.20 N) as shown in Table 1. This suggests that the foam 

exhibits medium firmness, suitable for applications 

requiring moderate load-bearing capacity, such as 

automotive seating and bedding [3]. Additionally, the 

foam's IFD at 65% deflection (5.10 ± 0.75 N) is higher than 

the standard foam's range (3.20–4.20 N), indicating that 

the test foam may have a more rigid structure, likely due 

to the inclusion of flame retardants, which can enhance 

foam firmness [11] Compression Set 

The compression set of the test foam was 11.30 ± 1.50%, 

which is slightly better than the standard foam's 12.50%, 

as seen in Table 1. This result indicates that the test foam 

has superior recovery potential, retaining its original 

shape after compression. According to ASTM D395-14, a 

compression set value below 10% is considered 

excellent, and the test foam's performance suggests it is 

well-suited for cyclic loading applications such as 

mattresses, where long-term comfort retention is 

essential [8]. 

 

Tensile Strength and Elongation at Break 

The tensile strength of the test foam was 0.22 ± 0.03 MPa,  

which is slightly lower than the standard foam's 0.27 MPa,  

 

 

as indicated in Table 1. However, this value is within the 

typical range for foams used in furniture and automotive 

seating [6]. The elongation at break for the test foam was 

69.00 ± 5.00%, slightly lower than the standard foam's 

78%, suggesting that the test foam is moderately elastic 

and able to withstand deformation without failure [7]. 

 

Resilience 

The test foam's resilience was 65.00 ± 5.50%, which is 

lower than the standard foam's 80.00%, as shown in Table 

1. Although both values are within acceptable limits for 

cushioning materials, the lower resilience of the test foam 

suggests that it may not recover as quickly from 

compression compared to standard foams. This property 

is important for comfort applications where the foam 

needs to return to its original shape after load removal [9] 

 

Airflow, Dynamic and Static Fatigue 

The test foam's airflow was 17.00 ± 4.75 L/min, slightly 

lower than the standard foam's 20.50 L/min, as shown in 

Table 1. This suggests that the test foam may have a 

different pore structure or porosity compared to 

standard foams. Despite this, the test foam showed 

similar resistance to both dynamic and static fatigue 

when compared to the standard foam, as both foams 

exhibited minimal degradation under cyclic and 

sustained loading. The dynamic fatigue test revealed 

only a 5% density change, while the static fatigue test 

showed no significant loss in mechanical properties, 

indicating comparable durability and stability under 

stress [4]. 

 

Rise Time 

The rise time of the test foam was 290 seconds, which is 

shorter than the standard foam's rise time of 330 seconds, 

as indicated in Table 1. This suggests that the test foam 

undergoes a more efficient polymerization and curing 

process, potentially leading to faster production times in 

industrial applications. This characteristic may be 

advantageous in processes where speed and efficiency 

are critical. 

The overall performance of the polyurethane foam in this 

study was favourable, with excellent thermal insulation, 

moderate mechanical strength, and good long-term 

durability [17-20. The foam’s moderate density and high 

resilience make it a promising candidate for use in 

cushioning applications such as in mattresses, 

automotive seats, and industrial insulation [21-24].  

 

Comparing these results to the literature, it is clear that 

the polyol blend used in this study provides a good 

balance of comfort and durability [25-27]. The 

incorporation of flame retardant additives and the use of 

silicone surfactants contributed to the foam’s stability and 

performance [28-29]. However, while the foam 

demonstrated good mechanical properties, further 

formulation optimisation could improve its tensile 

strength and elongation at break, which are essential for 

certain high-stress applications. In future studies, the 

effect of varying the amounts of surfactants and catalysts, 

as well as exploring the use of alternative polyols or 

isocyanates, could further enhance the foam's 

performance. Additionally, the environmental impact of 

the flame retardants used in this study should be 

evaluated to ensure that the material remains eco-

friendly while maintaining high performance. 
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Table 1: Comparison of the test sample polyurethane foam properties with standard polyurethane foam values.  

Property 

Test Sample 

Polyurethane 

Foam 

Standard 

Polyurethane 

Foam 

Units Explanation/Comparison 

Foam Density 71.40 ± 2.50 40.00–150.00 kg/m³ 

The test foam's density is within the typical range for 

standard polyurethane foams, aligning with expected 

values [2]. 

Indentation Force 

Deflection (IFD) 

@ 25% 

6.90 ± 1.25 7.10–8.20 N 

The test foam has a similar firmness range as standard 

foams, making it suitable for applications requiring 

moderate load-bearing capacity [3].  

Indentation Force 

Deflection (IFD) 

@ 65% 

5.10 ± 0.75 3.20–4.20 N 

The foam's IFD at 65% deflection is within range for 

standard foams, with higher firmness suggesting a more 

rigid structure [11]. 

Compression Set 11.30 ± 1.50 12.50 % 

The foam's compression set is slightly better than the 

standard foam, indicating superior recovery after 

compression [8]. 

Tensile Strength 0.22 ± 0.03 0.27 MPa 

The test foam has tensile strength within the typical range, 

suitable for applications requiring moderate strength and 

flexibility [6] 

Elongation at 

Break 
69.00 ± 5.00 78 % 

The foam's elongation at break is slightly lower than the 

standard foam, indicating moderate elasticity for dynamic 

applications [7]. 

Resilience 65.00 ± 5.50 80.00 % 

The test foam's resilience is slightly lower than the 

standard, suggesting it may not recover as quickly from 

compression [9]. 

Airflow 17.00 ± 4.75 20.50 L/min 

The test foam exhibits slightly lower airflow compared to 

the standard foam, indicating potential differences in 

porosity or structure. 

Dynamic Fatigue 17.40 ± 4.50 17.50 kN 
Both foams show similar resistance to dynamic fatigue, 

indicating comparable durability under cyclic loading [4]. 

Static Fatigue 15.30 ± 2.25 16.00 kN 

The test foam's performance under static fatigue is 

comparable to the standard, confirming its stability under 

sustained stress. 

Rise Time 290 330 sec 

The test foam has a shorter rise time compared to standard 

foams, indicating faster polymerization and curing 

processes. 

 

4.0 CONCLUSION 

This study developed a rigid polyurethane foam using 

polyether polyol and water-based blowing agents, 

showcasing its potential for industrial and comfort 

applications. The foam demonstrated structural stability, 

durability, and recovery characteristics, enhanced by 

flame retardant additives and silicone surfactants. While its 

performance aligns with industry standards, 

improvements in mechanical properties and 

environmental sustainability are recommended. 

Optimizing chemical formulations and exploring 

sustainable alternatives can further enhance the material’s 

eco-friendliness and suitability for demanding 

applications. Overall, this foam presents a viable, 

competitive, and eco-conscious material for future 

development in sectors such as construction, automotive, 

and consumer goods. 
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