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Abstract: 
 
This work investigated the influence of bamboo stem ash reinforcement on some properties of polyester matrix composites. 
Open mold technique was used for production of the polyester composites of 2, 4, 6, and 8wt % reinforcement. The density of 
the unreinforced polyester obtained is 1.190 g/cm3 while the values obtained from the composites are 1.194, 1.191, 1.185 and 
1.182 g/cm3.  The bamboo stem ash has no significant effect on the density of the polyester (matrix) since they have nearly the 
same density. The percentage porosity of the unreinforced polyester is 0.84 but the percentage porosity of the composites is 
0.17, 0.084, 0.17 and 0.25 %. The influence of the bamboo stem ash on the polyester reduces the porosity of the composites. 
The polyester matrix composites produced exhibit the same stress-strain deformation behavior as the unreinforced polyester 
irrespective of the reinforcement weight percent. The average tensile strength of the unreinforced polyester (B0) is 12, while 
that of the composites being 17.8, 16, 15.7 and 14 MPa. The composition 2% RHA gave the optimum tensile strength. The re-
sult obtained reveals that the more the reinforcement the lower the tensile strength of the composite. Likewise, the fracture 
toughness of the unreinforced polyester is 0.032 MPam1/2, the values of the fracture toughness of the composites is 0.058, 
0.045, 0.04, and 0.042 MPam1/2. The optimum value of the fracture toughness obtained is also at 2 wt% reinforcement of bam-
boo stem ash. As the reinforcement increases, the fracture toughness decreases. The strain energy of the unreinforced polyes-
ter is 0.45 J whereas the values obtained for the composites are 0.45, 1.5, 1.0, 0.7 and 0.63 J. The highest energy that can be 
stored prior to deformation was obtained at the sample BS1. The strain energy decreases with increase in the reinforcement. 
The flexural strength of the unreinforced polyester is 27.0 MPa but the flexural strength of the composites produced is 28.2, 
29.3, 29.5 and 29.3 MPa. The optimum flexural strength was attained at 29.5 MPa by sample with the composition 6 wt% bam-
boo stem ash (BS3). The flexural strength also increases with increase in weight percent of the bamboo stem ash in the com-
posites. The bending strength of the unreinforced polyester is 3010.40 MPa whereas the bending strength of the composites 
formed is 3491.9, 4381.3, 5945.7 and 6862.4 MPa. The bending strength of the composites increases with increase in bamboo 
stem ash. The water absorption by the composites increases with immersion time. 
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1.0 Introduction 

 

Composite materials with polymer matrices are competing favorably with metal based materials for a good number of indus-

trial applications and in a number of cases have exhibited higher level of competence (Oladele et al., 2010).This is due to 

property advantages of polymer matrix composites (PMCs) such as versatile processing and fabrication routes, low processing 

cost, good wettability between the polymer matrices and the reinforcing materials, good rang of mechanical properties 

among others (Ishaket al., 2009 and Dhakalet al., 2007). PMC’s are classified according to whether the matrix is a thermoset 

or thermoplastic. Thermoplastic matrix composites are by tradition far more common, but thermoset matrix composites are 

under rapid development. Before the last four decades, it was rather difficult to conceive the idea of designing high perfor-

mance materials which were not metallic based. Today technology has advanced in materials science and technology, ceram-

ics and polymer based materials for structural and other high performance applications are now available (Goodman, 1998, 

Pradhan et al., 2004 and Pino et al., 2006). In existence are enormous corpus literatures on natural fibre and filler reinforced 

PMCs which have been applied in designing components and parts such as door panels, seat backs, headliners, dashboards, 

interior parts, package trays, furniture, packaging, building and constructions and, even military vehicles and aircraft spare 

parts among others (Singh et al., 2012 and Idicula et al, 2005). For these applications, polyester based composites are notably 

one of the most utilized PMCs.  
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Polyester is a prominent thermosetting polymer which has been used widely for the development of polymer based compo-
sites. Its attraction is mainly due to its low cost in comparison with other notable thermosetting polymer matrix materials like 
epoxy, gross cross linking tendency, excellent process-ability, its good wetting characteristics, and average mechanical proper-
ties when cured (Pothanet al., 2007). 
 
There has been a general drive towards the reduction of the cost of producing PMCs while at the same time improving the 

mechanical and physical properties (Habibi et al., 2008). This has given impetus to research targeted towards the use of agro 

based waste materials such as natural fibres and ashes processed from controlled burning of plant leaves and stems as rein-

forcements. The advantages of the agro wastes (natural fibres and fillers) are availability in large quantities, low cost of pro-

cessing, low density, acceptable specific strength, good thermal insulation properties, reduced health threats such as dermal 

and respiratory irritation common with the use of synthetic reinforcing materials, renewability and ease of recycling, and cre-

ation of a more eco-friendly environment (Jacobson et al., 2001). One of the most abundant agro resources in Nigeria is the 

bamboo tree. However, there is currently limited literature on the use of bamboo stem ash as reinforcement in PMCs. The 

motivation for choosing to incorporate bamboo stem ash (BSA) reinforcement into polyester is to ascertain the viability of 

developing polyester matrix composites with improved mechanical and water absorption properties. This study therefore 

investigated the influence of bamboo stem ash on the polyester matrix composites.  

2. Materials and Methods 

2.1 Materials 

The materials utilized in this research include: Unsaturated Polyester (UP) resin as matrix, Methyl Ethyl Ketone Peroxide 
(MEKP) and Cobalt Naphthanate which were used as precursor and catalyst respectively. The bamboo stem was obtained 
from the premises of the Federal University of Technology Akure, Ondo State, Nigeria. The apparatus and equipment used 
are: Instron Universal Testing Machine, Octagon Digital Sieve Shaker, Weighing Balance, Aluminium Molds, Beakers, Stirring 
Rod and Latex Hand Glove.  
 
2.2 Methods 

2.2.1 Filler Preparation 

The reinforcing filler was produced by burning some bamboo stem using a metallic drum which served as burner. The dried 
bamboo stem was ignited using charcoal and allowed to burn completely inside the drum. The ash obtained from the process 
was calcined in a furnace at a temperature of 6500C for 4 hours to reduce the volatile and carbonaceous constituents of the 
ash before subjecting it to sieve size analysis using a digital sieve shaker. Particle sizes of 75µm were utilized as the reinforcing 
filler. 
 

2.2.2Composite Fabrication 

Open molding method was used to prepare the bamboo stem ash reinforced polyester composites. The process started with 

the determination of the quantities of bamboo stem ash required to produce 2, 4, 6 and 8wt% reinforcements. The deter-

mined quantities of the polyester resin, bamboo stem ash particles were measured on an electronic weighing balance. The 

polyester was poured into a beaker; 2% of Cobalt Naphthanate (catalyst) and 1% of Methy Ethyl Ketone Peroxide (MEKP) 

(accelerator) were added and stirred with a magnetic stirrer to achieve homogenization. Thereafter, the reinforcing phase 

(bamboo stem ash) was added and stirred for few minutes until an even dispersion was achieved. The mixture was then cast 

into already prepared aluminum molds which were pre-coated with polyvinyl alcohol (PVA) for easy removal of the cast sam-

ples from the molds. The mixture was left for about one and half hours in the mold to cure before they were removed. This 

procedure was repeated for all samples prepared. 

2.2.3 Density Measurement 

The experimental density of each grade of composite produced was determined by dividing the measured weight of a test 
sample by its measured volume; while the theoretical density was evaluated by using the formula: 
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ρpolyester/BSA = (wtfpolyester x ρpolyester) + (wtf.BSAxρBSA) 
Where: ρpolyester/BSA = density of composite 

wtfpolyester = weight fraction of Polyester 
ρpolyester = density of polyester 

wtf.BSA = weight fraction of Bamboo stem ash 
ρBSA = density of Bamboo stem ash 

The experimental densities for each composition of the polyester matrix composites produced were compared with their 
respective theoretical densities, and it served as basis for evaluation of the percentage porosity of the composites using the 
relations (Alaneme and Adewale, 2013): 

% porosity = {(ρT – ρEX) ÷ ρT} x 100% 
Where: ρT= Theoretical Density (g/cm3) 

ΡEX = Experimental Density (g/cm3) 

2.2.4 Mechanical Characterization 

The mechanical attributes of the composites determined are as followed: 

Tensile Test 

The tensile test was carried out in accordance with ASTM D3038M-08 (American Society of Testing and Materials, 2008). The 
test was performed at room temperature using an Instron universal testing machine operated at a strain rate of 10-3/s. Five 
samples of each composition were prepared and the average values were taken and the stress – strain curve was plotted.  
 
Flexural Test 

The flexural strength of the composites was evaluated by performing flexural three-point bending tests on the composites. 
The test was performed at room temperature using a tensiometric universal testing machine operated at a crosshead speed 
of 0.3mm/min. The testing procedure and flexural strength determination were performed in accordance with ASTM D7264M
-07 standard (American Society of Testing Materials, 2007). The values obtained were then plotted. 
 
2.2.5Water Absorption Test 

Water absorption tests were carried out according to ASTM D5229M-12 (American Society of Testing and Materials, 2012). 
Five samples of each composite grade were oven dried and weighed. The average weight of each composition was recorded 
as initial weight of the composites. The samples were placed in distill water which was maintained at room temperature at 24 
hours interval. The samples were removed from the water, cleaned and weighed. The weight of the samples was weighed 
periodically at 24 hours interval. The average weights obtained were plotted against time.  
 

3.0 Results and Discussion 

The results obtained in this work are presented as follow: table 1 presents the density and percentage porosity of the compo-
sites. The stress-strain curve for the polyester composite is presented in figure 1 while figure 2 presents the ideal stress-strain 
deformation schematic model for the Polyester matrix composites. Figure 3 shows the variation of ultimate tensile strength 
of the bamboo stem ash reinforced composite whereas figure 4 represents the fracture toughness of the composites. The 
strain energy of the composites is presented in figure 5. Figure 6 presents the flexural strength of the composite. Figure 7 
presents the bending strength of the composite while the Water absorption curve for the composites formed is indicated in 
figure 8. 

Sample 

Designation 

Composition 

of RHA (wt%) 

Theoretical 

Density 

(g/cm3) 

Experimental 

Density (g/cm3) 

% Porosity 

B0 0 1.2 1.190 0.84 

BS1 2 1.196 1.194 0.17 

BS2 4 1.192 1.191 0.084 

BS3 6 1.187 1.185 0.17 

BS4 8 1.185 1.182 0.25 

Table 1: Density and percentage porosity of the Composites Produced 
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Figure 1: Stress-Strain curves for the polyester composite reinforce with 

bamboo stem ash  
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Figure 2: Idealized Stress-Strain deformation schematic model for the 

Polyester matrix composites produced showing the three deformation 

stages 
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Figure 3: Tensile strength of the composite 
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Figure 4:  Fracture toughness of the composites 
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Figure 5: Strain energy of the composites 
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Figure 6: Flexural strength of the composite 
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          Figure 7: Bending strength of the composite 
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Figure 8: Water absorption curve for composites produced 

3.1 Density and Percentage Porosity 

From table 1, the density of the unreinforced polyester (B0) obtained is 1.190 g/cm3. The density of the composites BS1, BS2, 

BS3 and BS4 are respectively 1.194, 1.191, 1.185 and 1.182 g/cm3. It can be observed that the density of the unreinforced 

polyester matrix and that of the composites produced are approximately equal i.e. the bamboo stem ash has no significant 

effect on the polyester (matrix). However, the percentage porosity obtained from B0, BS1, BS2, BS3 and BS4 are 0.84, 0.17, 

0.084, 0.17 and 0.25 % accordingly. The percentage porosity of the unreinforced polyester is higher than that of the compo-

sites formed. The influence of the bamboo stem ash on the polyester reduces the porosity of the composites. Also, the level 

of the  porosity in the composites is less than 0.5 % which indicates that the open mold fabrication method adopted for the 

production of the composites is reliable (Singh et al., 2012). 

3.2 Stress strain deformation  

From the stress-strain deformation curves of the composites produced as presented in Figure 1, it can be observed that the 
rate of deformation of the composites increases in three well defined deformation stages which can be confirmed in Figure 2.  
Hence, the mechanism of deformation of the polyester matrix is very vital in explaining the deformation attributes of the 
composites.  

https://sciencevolks.com/materials-science/


6 

“Influence of Bamboo Stem Ash on Some Properties of Polyester Matrix“ 

SVOA Materials Science and Technology 

Stage I is characterized by linear elastic deformation in which the stress acting on the composites increases linearly with strain 

while stage II is characterized by visco-elastic deformation where plastic strain increases at a constant plastic (yield) stress; and 

stage III is characterized by work hardening as the stress increases significantly with further increase in plastic strain (Alaneme 

and Adewale, 2013). The deformation mechanism in stage I can be attributed to the little resistance posed by the composites 

to the stretching of the atomic bonds in polyester matrix which is a thermosetting polymer. At this stage, elastic deformation 

is influenced by the stretching of the polyester chains, a process which is reversible once the applied stress is removed 

(Alaneme and Adewale, 2013). For stage II deformation, the constant yield stress accompanying the increasing plastic strain of 

the composites may be due to the unwinding of the cross linked bonds in thermosetting polymers. This process can thus be 

sustained at low stress level without accompanying increase in stress. Whereas, the nature in stage III is due to the combine 

effect of the motion of polyester chains which act on each other and the strengthening due to the presence of the reinforce-

ment. The strength of the reinforcement contributes greatly to the higher stress level the polyester matrix can withstand prior 

to fracture (Alaneme and Adewale, 2013). 

3.3 Tensile Properties 

 

The average tensile strength obtained according to figure 3 is 12, 17.8, 16, 15.7 and 14 MPa respectively for BO, BS1, BS2, BS3, 

and BS4. The tensile strength of the polyester reinforced with bamboo stem ash is higher than that of the unreinforced polyes-

ter. The optimum tensile strength is obtained from the composite with the composition 2% RHA i.e. BS1; and this might be 

attributed to the high forces of attraction between the matrix and reinforcement which allows strength to be transferred from 

the reinforcement to the matrix thereby improving the strength of the composite (Abdalla et al., 2010). Also, the higher the 

reinforcement the lower the tensile strength of the composite. 

From figure 4, the values of the fracture obtained are 0.032, 0.058, 0.045, 0.04, and 0.042 MPam1/2 for B0, BS1, BS2, BS3 and 

BS4 respectively. The fracture toughness of the composite formed is also higher than the unreinforced polyester matrix. The 

highest value of the fracture toughness obtained is also at 2 wt% reinforcement of bamboo stem ash (BS1). As the reinforce-

ment increases, the fracture toughness decreases. It can also be observed that the fracture toughness of the composite de-

creases after attaining the optimum level  and this might be due to decrease in the forces attraction between the matrix and 

reinforcement (American Society of Testing and Materials, 2008). The strain energy values obtained according to figure 5 are 

0.45, 1.5, 1.0, 0.7 and 0.63 J for BS0, BS1, BS2, BS3, and BS4 respectively. It can be observed that the highest energy that can 

be stored prior to deformation can be obtained at the BS1 since it has the optimum strain energy. The strain energy decreases 

with increase in the reinforcement and hence decreases in the energy that can be stored in the composite before defor-

mation. The strain energy absorbed is a measure of the amount of energy absorbed per unit volume at fracture (Osman et al., 

2012). It provides a good measure of the ductility as well as the toughness of a material. Thus it could be said that sample BS1 

has the best combination of strength, toughness, and ductility of all the composites produced. 

3.4 Flexural Strength 

The result of the flexural strength indicated in figure 6 shows that B0, BS1, BS2, BS3 and BS4 has respective flexural strength 
27.0, 28.2, 29.3, 29.5 and 29.3 MPa. The composition with 6 wt% bamboo stem ash (BS3) has the optimum flexural strength. It 
is observed that the flexural strength which is a measure of a materials resistance to deformation under load is higher for the 
composite grades containing bamboo stem ash. It is also observed that the flexural strength increases with the increase in 
weight percent of the bamboo stem ash in the composites (Osman et al., 2012; Najafi and Kordkheili, 2011). The bending 
strength obtained in figure 7 shows that B0, BS1, BS2, BS3 and BS4 has 3010.40, 3491.9, 4381.3, 5945.7 and 6862.4 MPa re-
spectively. It can be observed that the bending strength of the composites increases with increase in BSA content. It can as 
well be observed from figure 7 that sample BS4 with 8wt% of bamboo stem ash has the optimum bending strength of 6862.4 
MPa. Also, the addition of bamboo ash improves the bending strength of the composites formed when compared to the unre-
inforced polyester material which has a value of 3010.40 MPa.  
 
3.5 Water Absorption 

 

From figure 8, it can be observed that the water absorption by the composites increases with immersion time whereas the 

rate of absorption decreases with increase in time. The water absorption attains equilibrium after 240 hours which implies 

that at equilibrium, the composites attain saturation point as far as water  absorption in concerned (Pradeep and Rakesh, 

2010).   
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Conclusion 

The effect of bamboo stem ash reinforcement was examined on some properties of polyester matrix composites. The bam-

boo stem ash has no significant effect on the density of the polyester (matrix). The influence of the bamboo stem ash on the 

polyester reduces the porosity of the composites. The composition 2% RHA gave the optimum tensile strength. Increase in 

the reinforcement result in decrease in tensile strength of the composite. The optimum value of the fracture toughness ob-

tained is also at 2 wt% reinforcement of bamboo stem ash. As the reinforcement increases, the fracture toughness decreas-

es. The highest energy that can be stored prior to deformation was obtained at 2 wt% reinforcement of bamboo stem ash. 

The strain energy decreases with increase in the reinforcement. The optimum flexural strength was attained at 29.5 MPa by 

sample with the composition 6 wt% bamboo ash. The flexural strength also increases with increase in weight percent of the 

bamboo stem ash in the composites. The bending strength of the composites increases with increase in bamboo stem ash. 

The water absorption by the composites increases with immersion time. 
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