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Abstract: The effects of local materials as fillers incorporated into the flexible polyether foam recipes were investigated. 

The fillers; coconut husk and corn cob of mesh sizes of 150 µm respectively were mixed in the ratio of 50:50. Varying 

percentages of the mixed fillers, 5%, 10%, 15%, 20% and 25% were mixed with polyether foam recipes in the appropriate 

formulations and physico-mechanical tests were carried out on the samples. Density and compression set showed an increasing 

trend with increase in the filler. Elongation at break and tensile strength showed a decrease in the value as the filler load was 

increasing. Hardness showed a slight random variation in the value as the filler load increased. Thermal conductivity also 

showed a decrease in its value as the filler load increased that means it can serve as a fire retardant. All these properties were 

compared to a controlled sample (sample without filler). These fillers can be used in the production of polyurethane foams 

since they are organic materials, thus they can enhance the biodegradability of polyurethane products and be use also as flame 

retardants. 
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1. Introduction 

Polyurethane foam products are common everywhere. 

Twenty four hours of the day, we live with it, it is in the car 

we drive, it is underneath the carpet we walk on; we sit on it 

in our living rooms, even when we sleep. It is difficult to 

imagine someone going through a day without coming in 

contact with some foam products. People sleep on foam 

mattresses, lay heads on foam pillows, use foam sheeting in 

furniture manufacture, incorporate shaped foam into dress 

making (shoulder pads) and use specialized foams for 

partitioning and insulation [1]. The use of flexible urethane 

foams for cushions, furniture and automobiles has displaced 

rubber foam in these applications because of improved 

strength, lower density and easier fabrication [2]. 

In general, industries that produce flexible polyurethane 

foams use fillers to modify the material's properties in some 

way, such as: dimensional stability, retraction from the mold 

and density
 
[3-4]. When adding filler to a polymer to form a 

conjugated biphasic material, the tension applied to the 

polymeric matrix will be transferred in part to the disperse 

phase, the filler, since it presents properties superior to the 

pure polymer [5]. Efficient reinforcement is achieved by 

interactions of the filler polymer matrix via mechanisms of 

adhesion, which could be: adsorption, electrostatic attraction, 

chemical bonding and mechanical adhesion [6-7]. In flexible 

polyurethane foams, the fillers promote an increase in density 

and resistance to compression. However, they reduce the 

resiliency and contribute to the increase in permanent 

deformation. In addition, properties such as tear strength, for 

example, are significantly affected by the introduction of 

filler. Accordingly, it is necessary to know the end-use of the 

material in order to use the correct concentration in the 

polymer matrix, obtaining a product of reliable quality. 

The interest in natural fibre reinforced composites is 

growing rapidly due to the high performance in mechanical 

properties. There are different types of natural fibres like coir 

fibre, sisal fibre, banana fibre, pineapple fibre etc. Fibres 
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obtained from various parts of the plants are known as 

vegetable fibres [2]. Natural fibre composites are very cost 

effective materials, especially in building and construction, 

packaging, automobile and railway coach interiors and 

devices [3]. 

Since, the issue of environmental sustainability and 

climate change has become a major consideration in the 

development of new materials in the world [8]. Thus, these 

materials used as fillers are agricultural wastes, readily 

available and relatively inexpensive that they can lower resin 

costs, improve stiffness and act as environmental friendly 

way to reduce the use of petroleum-based plastics. 

Therefore, there is a need to find a means of reducing the 

cost and improve foam properties. This project is aimed at on 

how to reduce foam cost and produce environmental friendly 

foam by using locally available fillers precisely coconut husk 

and corn cob. 

2. Materials and Methods 

2.1. Preparation of Raw Materials 

The fillers were locally and randomly collected from 

Iyiagu Estate, Awka, Anambra State, Nigeria. The collected 

samples were washed properly with water and sun dried 

completely for 7 days. The dried coconut husk and corn cob 

were ground using an electric mill and the powders were 

sieved respectively using an electronic sieve of mesh size 

150 µm for each. The powders were then mixed together at 

the ratio of 50:50. Polyether polyol and toluene diisocyanate, 

(TDI) were weighed out in their different quantities using 

triple beam balance and then poured into different beakers. 

Dimethylethylamine, (DMEA), stannous octate, silicone oil 

and water were measured using syringes for accurate 

stoichiometric reaction. The accurate required quantities of 

the filler samples were also weighed using the triple beam 

balance. The measurements of these materials were all based 

on parts per hundred, (pph) of polyol which can be arbitrary 

chosen from the various formulation range as in Table 1. 

2.2. Foam Formulation 

This is a list that shows the various chemicals/materials 

and their relative proportions required in the preparation of 

the foam samples. This is formed based on the density and 

other properties of the desired given foam. 

Table 1. Foam formulation. 

MATERIAL X A B C D E 

POLYOL (G) 600 600 600 600 600 600 

TDI (G) 330 330 330 330 330 330 

AMINE (ML) 2 2 2 2 2 2 

STANNOUS OCTATE (ML) 1 1 1 1 1 1 

SILICONEOIL (ML) 5 5 5 5 5 5 

WATER (ML) 28 28 28 28 28 28 

FILLER (G) 0 5 10 15 20 25 

 

2.3. Preparation of Flexible Polyether Foam 

The measured quantity of polyol was poured into the 

mixing bowl followed by the addition of the weighed 

quantity of filler and this was thoroughly stirred for about 1-2 

minutes. After this, other measured quantities of reagents in 

the syringes such as silicone oil, DMEA, stannous and water 

were simultaneously poured into the mixing bowl containing 

the polyol with continuous and thorough stirring of the 

mixture which lasted for about 3-4 minutes before complete 

polymerization (nucleation) was achieved. At this point, the 

foam mixture was absolutely shiny and creamy showing 

complete nucleation of the reagent. Lastly, the measured 

quantity of TDI was rapidly poured into the foam mixture 

with stirring interrupted. After the addition of TDI, the 

stirring lasted for about 40-65 seconds when a sign of rising 

of the foam mixture was noticed and the rising slurry foam 

mixture was smartly poured into the prepared cuboid mould 

(carton box 8 x 8 x 8) coated with silicone paper. The foam 

mixture was allowed to cure for three days [9]. 

2.4. Characteristics of the Foam Samples 

The foam samples produced in this work were only 

characterized for the physico-mechanical and flammability 

properties. 

2.4.1. Mechanical Tests 

The following mechanical properties of the foam samples 

were determined using standard methods: density, 

compression set, hardness [10] while tensile strength and 

elongation at break were measured according to the standard 

specifications [11]. 

2.4.2. Thermal Conductivity 

Each foam sample produced was cut into three pieces and 

the initial and final temperature (Ti and Tf) of the pieces 

were noted using a thermometer. The thermal conductivity of 

the foam sample were determined by adding up the 

differences between Tf and Ti of the pieces of sample and 

dividing all by 3 and multiplying by 100. It is expressed 

mathematically as 

Thermal	conductivity	 = 	
(�����)��	(�����)�	�	(�����)�	�	���	

�
                                                            (1) 
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3. Results and Discussion 

Table 2. Values for Density Test. 

 VOLUME (M3) WEIGHT (KG) DENSITY (KG/M3) 

0 0.002150 0.04786 22.26 

5 0.002150 0.04823 22.43 

10 0.002150 0.04990 23.21 

15 0.002150 0.05012 23.31 

20 0.002150 0.05118 23.80 

25 0.002150 0.05199 24.18 

 

Figure 1. Effect of filler load on density of the foam samples. 

Density is a key flexible polyurethane foam specification. 

The density of foam is defined as the ratio of mass per unit 

volume of the foam sample. In foam technology, density also 

measures the load bearing capacity and cost of any given foam 

sample. It is seen from the result in Table 2 and Figure 1 above, 

that the densities of the filled foams are higher than that of the 

pure polymer foam. This may be due to high content of fillers 

which would fill up more voids thus increasing the density. It 

could also be attributed to the enhanced mechanical properties 

exhibited by the fillers. More filler content will result to 

greater hardness of the foam. It will not easily collapse or sink 

after a heavy weight is placed on it [12]. Since, additives and 

fillers are used to increase foam density and simply to increase 

the ability of the foam to provide support. This is in agreement 

with some other works [13]. 

Table 3. Values for the Compression set. 

Filler (%) % Compression 

0 3.8 

5 6.0 

10 8.0 

15 11.1 

20 11.5 

25 12.2 

 

 

Figure 2. Effect of filler load on compression set of the foam samples. 

It was seen from the result of the compression set test 

that as the filler load increased a gradual increase in the 

value of compression set was observed. This is as shown in 

Table 3 and Figure 2; this means that the foam samples will 

easily re-again its original height after a large weight is 

lifted from the foam. This is one of the qualities of good 

and durable foams. This could be attributed to the improved 

mechanical property displayed by the fillers. The fillers are 

all cellulosic materials and their reinforcing ability is 

therefore the load-carrying component in the produced 

foam samples [14]. 
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Table 4. Values for Hardness test. 

Fillers Load (%) 25% 40% 65% Support factor 65% IFD 

0 134.6 153.1 212.3 1.6 

5 120.2 133.3 217.3 1.8 

10 91.4 98.7 154.7 1.7 

15 88.5 102.9 185.1 2.1 

20 96.3 114.1 192.9 2.0 

25 89.3 107.3 197.1 2.2 

 

Figure 3. Effect of filler load on hardness of the foam samples. 

The firmness of polyurethane foam is measured by a 

physical property called the indentation force deflection 

(IFD). The increase in the filler load was seen to have a 

positive impact on the samples by its increase on the 

hardness properties of the foam samples as shown in Table 4 

and Figure 3. It means that the fillers will have a hard effect 

on the foam and would carry a lot of weight over a long 

period of time without collapsing immediately. These fillers 

are lingo-cellulosic materials and have been proved to be 

very strong and durable [14]. 

Table 5. Values for Tensile strength. 

Filler Load (%) Tensile strength (kN/M2) 

0 121.86 

5 112.74 

10 98.26 

15 89.44 

20 80.76 

25 71.52 

 

Figure 4. Effect of filler load on tensile strength of the foam samples. 

It was observed that the tensile strength decreased as the 

filler load increased as seen in Table 5 and Figure 4. This 

may be due to poor interaction between the filler-

polyurethane matrix. It could also be attributed to the voids 

created by the fillers in matrix phase. It is seen to be in 

accordance with the results of some other works done in the 

past [10, 14]. 

Table 6. Values for % Elongation. 

Filler Load (%) % Elongation 

0 164.20 

5 160.26 

10 153.75 

15 139.14 

20 121.68 

25 102.19 

 

Figure 5. Effect of filler load on %elongation at break of the foam samples. 

From Table 6 and Figure 5; a decrease in the %elongation 

at break was observed as the filler load increased. This could 

be as a result of its greater tendency to elongate with a lesser 

filler ratio than a higher ratio. The result is in agreement with 

the result of some researchers in the past [10]. 

Table 7. Values for Thermal conductivity. 

Filler Load (%) Thermal conductivity (°C) 

0 150 

5 142 

10 131 

15 122 

20 109 

25 88 

 

Figure 6. Effect of filler load on thermal conductivity of the foam samples. 

The result of the thermal conductivity of the foam samples 

showed a decrease as the filler load increased as shown in 

Table 7 and Figure 6. It could be that the fillers having some 



 American Journal of Polymer Science and Technology 2017; 3(4): 64-69 68 

 

fire retarding property. It means the foam is not easily 

flammable or will not support combustion. This is also in 

agreement with some researchers, as these fillers also have 

improved thermal and creep performance relative to the 

unfilled foam [15]. They can serve as fire retardant material. 

Table 8. Foam Samples with Rising, Gellation and Curing Time. 

Filler (g) Rising time (sec) Gellation time (sec) Curing time (hrs) Creaming time (sec) 

0 80 3-5 18-24 5-10 

5 100 3-5 18-24 5-10 

10 120 3-5 18-24 5-10 

15 130 3-5 18-24 5-10 

20 140 3-5 18-24 5-10 

25 150 3-5 18-24 5-10 

 

Creaming time is the first event measured, and occurs 

usually a short time after mixing, when the mixed liquids 

turn cloudy in appearance and the liquid begins to rise 

from its initial stable stage. It has been observed that the 

period lasts for about 12 seconds. As soon as generation of 

CO2 gas starts, the cream time is depend on the amount of 

amine used. High or high activity of amine starts the 

cream time. 

Rising time is when the reacted foam has reached its 

largest volume, or maximum height. It is the period when the 

foam expansion has taken place such as: cell structure are 

foamed, gas reaction accompanied by generation of CO2 

takes place and exploration of auxiliary blowing agent if 

present in formulation. 

Curing time is when the foam is fully rise, the foam is 

initially soft gelatinous mass and the period between 

attainment of full rise and complete solidification of foam is 

the curing time. This is essentially the time most cross 

linking occurs. 

It was observed from Table 8 above that the gellation and 

curing time of the foam samples produced were constant at 

different filler percentages while the rising time increased 

with increase in filler percentage. 

4. Conclusion 

The results of the physico-mechanical properties such as 

density and compression set showed an increasing trend 

with the increase in the filler. Elongation, tensile strength 

and thermal conductivity showed a decrease in their value 

as filler load increased while hardness (IFD) showed a 

slight random variation in the value as the filler also 

increased. 

In general, the physico-mechanical analysis results of the 

synthesized foam samples showed that good quality foams 

for cushioning materials, mattresses, upholsteries, in fashion 

designing (as in shoulder pads) and special operations can be 

obtained from cellulosic materials in the range of 2%-5% 

application of filler (coconut husk and corn cob powder). 

Coconut husk and corn cob powder modified the 

characteristics and also added colour to a little extent to its 

appearance at a very low percentage. It is possible to 

substitute CaCO3 used in industries with coconut husk and 

corn cob, since it is much cheaper, readily available, and 

biodegradable and environmentally friendly than CaCO3. 

They can decompose since the fillers are basically organic 

and agricultural wastes. More so, flammability of the foams 

can be reduced. 
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