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ABSTRACT 

 

Present ecological concerns have motivated the quest for materials that are low in weight, cheap, environmentally 

friendly and renewable, while having high specific strength and stiffness. This paper describes the production of a 
chopped strand, random oriented, non-woven plant fibre mat reinforced epoxy composite for automotive applications. 

Fibers from eight fibrous plants found in northern Nigeria were used as reinforcement of epoxy resin to produce the 
composites at 40%v/v filler content. The tensile and flexural strengths, impact energy, density and moisture absorption of 

each formulation were determined and compared with those reinforced with E-glass fibre mat. The results obtained for 

the tensile, flexural strengths and the impact energy of plant fibre composite samples were aggregated and ranked. Sisal 
(Agave sisalana), Lalloh (Corchorus accitangulus B.) and Kenaf (Hibiscus cannabinus L.) fiber reinforced composites 

exhibited the best mechanical property combination in that order. The flexural modulus and the impact energy of the 
plant fiber were respectively 70% and 40% higher than the  glass fiber reinforced composite. 

Keywords: Plant fibre; Epoxy; Composite; Mechanical property; Physical property; Hand layup. 

 

1. INTRODUCTION 

 

Present day technology requires materials with formidable 

combination of characteristics which cannot be met by the 

conventional materials such as metals, ceramics and 

polymers (Callister, 1997; Kumar, 1987). This is because of 

the complex service requirements and environment to which 

the materials are subjected. As a result, composite materials 

are now an important class of engineering materials, 

because they can be tailor-made and offer unlimited 

mechanical property combinations; unique design flexibility 

combined with ease of fabrication (Sumaila, 2015; Ihueze et 

al., 2013; Agarwal and Broutman, 1990). Recently, 

composite technology is geared towards materials that are 

environment friendly, recyclable and cost effectiveat the 

same time retaining (or improving) its mechanical 

properties (Reidal and Nickel, 2003, Boopathi et al., 2012). 

Apart from kevler, aramid, boron and carbon fibres, glass 

fibre is by far the most widely used fibrous reinforcement in 

polymeric composite production for automobile structural 

components, construction industry and aerospace 

applications. This is because of its ease of production and 

high strength. However, there are often considerable 

problems with the use of glass fibre as reinforcement of 

plastics: these include relatively high cost and density, non-

recyclability, non-biodegradability and non-renewability. In 

addition, toxic gases are emitted during its processing and 

handling which lead to added health risks. Hence, the quest 

for environmentally benign fibre to replace glass fibre as 

reinforcement in polymeric composites has been on the 

increase (Santuli, 2003; Esperta et al., 2004; Arbelaiz et al., 

2005; and Dhakal et al., 2006). Studies have shown that 

plant fibre provides a viable alternative to the classic fibrous 

reinforcement, especially glass fibres for polymer 

composite production. This interest is motivated by 

theproperties that cannot be achieved using glass fibre as in 

polymer composites production. Plant fibres are cheap, 

abundant and environment friendly as well as biodegradable 

(Sreenivasan et al., 2015; Jawid et al., 2012). They are also 

low in density and there are no health risks associated with 

its processing and handling, rather, carbon dioxide balance 

is maintained in the atmosphere during their growth stage 

(Chandramohan and Bharanichandar, 2013). Their 

utilization leads to improved vehicle occupants and 

pedestrian safety in the event of anaccident(Callister, 1997; 

Kumar, 1987). 

Fibers such as Jute, flax, hemp, roselle, hemp banana and 

sisal fibres are currently the most widely used natural fibres 
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for reinforcement in plastic composite materials especially 

in the automotive industry of Europe and Asia (Zannen et 

al., 2016; Chandramohan and Bharanichandar, 2013; 

Bledzki et al., 2002). Although researches have been on-

going in the United States and Europe, their application has 

been limited to interior application in automobiles. 

Therefore, this study aimed at the determination of the 

physical and mechanical properties of some plant fibres 

reinforced epoxy composites in comparison with its glass 

fibre reinforced counterpart for automotive exterior 

application. To achieve this, fibres from eight plants found 

in the Sudano-Sahelian region of Nigeria were identified 

and used to produce a polymer composite with epoxy as the 

matrix at 40%v/v fibre content. 

 

2. MATERIALS AND METHODS 
 

2.1 Fibre Mat Preparation 

Details of the fibre harvesting, extraction and preparation 

is reported elsewhere (Sumaila and Ibhadode, 2014). To 

prepare the mat, a portion of treated and dried fibres 

(Plate 1a)was measured out from the bulk and were 

separated by manual combing to remove small hairlet 

fibres. The fibre filaments were then cut into lengths of 

25mm (Plate 1b) and 10g of each of the eight fibre 

samples were measured out for the preparation of the 

fibre mat of dimension 170 x 60 x 3 mm. The chopped 

strands were then mixed with 0.25 g of epoxy and were 

placed randomly oriented in a compression mould by 

hackling by hand. The mould was closed and a load of 

50 N was applied to form the mat and allowed to cure at 

room temperature for three hours. After curing, the mats 

were ejected from the mold, trimmed (Plate 1c) and 

stored away in plastic air tight bags ready for subsequent 

composite casting. 

2.2 Composite Casting 
The composite was made by hand lay-up moulding 

technique using a three-piece mould. The de-bonding 

agent (wax) was first applied to the inner surface of the 

mould using a hand brush to serves as a release agent. 

Thereafter a light coat of the resin matrix (pre-mixed in 

the ratio of 3:2 with hardener) was applied to the mould 

and then the fibre mat (Plate 1c) was manually laid in the 

mould. The epoxy resin was then applied to the laid mat 

by pouring. A hand roller was used to ensure wetting of 

the reinforcement by the resin and expel entrapped air. 

Additional layers of fibre and matrix formulation were 

added until the desired thickness of 3 mm was attained. 

The mould was then closed and was allowed to cure for 

24hrs at room temperature under a load of 50 N. After 

curing,the composite panels (Plate 1d) were then ejected, 

trimmed and stored away, from which the test samples 

were cut out (Plate1e).  

Eight different fibre samples were used seperately as 

reinforcement to produce eight composite samples. The 

fibre amples were Agavave sisalana “Sisal”, Hibiscus 

cannabinus L. “Kenaf”, Piliostigma thoningii“Karlgo”, 

Urena Lobota “Shikuri-Tuggha”, Corchorus 

accitangulus Blanco “Lalloh”, Sida acuta “Sukuwa”, 

Hyphaene thebaica “Guroba”and Greiwa mollis Juss 

“Dargazah” and their corresponding composite samples 

designations were ASA, HCB, PTA, ULB, CCR, SDA, 

HYP and GRW respectively. 

 

 
Plate 1: Typical Plant Fibre Reinforced Epoxy Composite 
Production Steps (a) - Extracted Dried and Treated Fibre,  (b)- 
Chopped Fibre Strands, (c) -Fibre Mats (d) some Composite 

Samples, (e) – Test Specimens 

2.3 Composite Physical Properties Test 
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2.3.1 Composite Density Determination: The density 

of the samples were determined using a precisiondigital 

balance (Mettler Toledo balance, Model XP603S and a 

precision of ±0.001 g) to measure their weight, and a 

vernier caliper to measure their dimensions from which 

the densities were calculated using equation 1 given as: 

 

Density   =
v

m
  …   (1) 

 

Where: m - mass of the composite (g); and v - volume of 

the composite (cm
3
). 

 

2.3.2 Composite Moisture Absorption Determination: 

The water content of the composite sample was 

determined by using the method of saturated moisture 

content based on thermo-gravimetric principle. The 

samples were first dried in an oven for 12hrs at a 

temperature of 105
o
C to ensure total moisture removal 

after which their masses were measured using the 

balance (Mettler Toledo balance, Model XP603S, 

precision ±0.001). The dried samples were then soaked 

in distilled water at room temperature for 24hrs after 

which they were removed and droplets of water on their 

surfaces were mopped with cotton wool and their 

weights (Min) measured. The samples were then returned 

to an oven preheated to 105
o
C and were later removed at 

30mins interval and re-weighed until constant weight 

(Mf)was attained.  The percentage moisture absorption 

was determined from equation 2 as given by 

Venkateshwaran et al (2011); 

 

%100



in

inf

M

MM
ContentMoisture  ... (2) 

 

Where: Min - initial mass (g) and Mf - final mass (g) 

 

2.4 Composite Mechanical Propeties Tests 

2.4.1 Tensile Test: Samples were cut into tensile test 

specimens of the dog bone shape using a template in 

accordance with ASTM D 638-03 Standard Test Method 

for Tensile Properties of composite. The specimens were 

then tested using a universal testing machine fitted with 

a 50kN load cell at a cross head speed of 20 mm/min and 

guage length of 40  mm. 

2.4.2 Flexural Strength Test: Samples were cut into 

flexural test specimens using a scroll saw. The 

flexural(three point bend) test was carried out on a 

sample of dimension 120 x 8 x 3mm in accordance with 

the ASTM D 790-03 Standard Test Method at a cross 

head speed of 20 mm/mins and a span of 60 mm. 

2.4.3 Impact Energy Test: The impact energy of the 

composite panels were carried out using the Izod impact 

test machine as per ASTM D 256 standard. Samples 

were tested in replicates of five each at room 

temperature by a single swing of the pendulum hammer 

using ATS FAAR impact tester (Model no. 16.1, 

capacity of 25 Joules). The specimen size was 65 x 12.5 

x 3 mm with depth under notch of 10.2 mm. 

 

2.5 Composite Ranking based on Mechanical 

Properties 

 

In order to arrive at the best plant PF composite suitable 

for the replacement of its GLS counterpart, equation 3 

was used to aggregate the mechanical properties based 

on which the composite samples was ranked in the order 

of decreasing mechanical properties performance. 
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Where: I - the Imapct energy; T - the tensile strength; F - 

the flexural strength; wi, wt and wf - represent the 

percentage by weight contribution to the overall 

machanical property parameters; while the subscripts f 

and E denote fibre and epoxy respectively.

 

3. RESULTS AND DISCUSSION 

 
3.1 Results 

3.1.1 Composite Physical Properties: The physical 

propeeties of the composite investigated include: 

i)  Composite Density 

Figure 2 shows the plant fibre (PF) composite densities 

compared with that of glass fibre composite (GLS). 
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Since PF have lower densities than GLS, composite 

panel made from GLS has the highest density value of 

0.086 g/cm
3
 compared to that of the PF composite whose 

densities varied from 0.027 g/cm
3
 to 0.048 g/cm

3
. The 

figure also revealed that ASA and SDA composites had 

the lowest densities of  0.027 g/cm
3 
each. 

 

Figure 2: Plant Fibre/Epoxy Composite Density compared 

with GLS 

 

 

3.1.2 Composite Moisture Absorption: Figure3 shows 

that GRW composite has the highest moisture uptake 

corresponding with a weight gain of 0.251g representing 

about 7.7% which is followed by HYP with weight gain 

of 0.143 g (4.4% moisture ingress). ULB on the other 

hand has the least moisture uptake with a gain of 0.08 g 

over the test period representing 3.21%. This value is 

1.4% higher than GLS composite with 1.8% moisture 

uptake. This result is coroborated by the percentage of 

hemicellulose in the fiber presented in Table1 where 

HYP has the highest lignin content of  42%. This is 

expected because the presence of OH
-
 group of the 

cellulose structure of the plant fibres enhancesits affinity 

with atmospheric oxygen to form water unlikeE-glass 

fibre. 

Generally, most researchersagree that moisture 

penetration into composite materials is achievedby three 

different mechanisms.The main mechanism consistsof 

the diffusion of water molecules into the micro-

gapsbetween polymer chains. 

 

Figure 3: Plant Fibre/Epoxy Composite Moisture Absorption 
compared with GLS 

The second mechanism involves capillarytransport into 

the gaps and flaws, which interfaces with the fibreand the 

matrix due to incomplete wettability and 

impregnation.The third mechanism involves the transport 

through micro-cracksin the matrix, formed either during 

the compounding process, ordue to fibre swelling (Akil 

et al., 2011; Beg and Pickering, 2008). Humidity aging is 

generally recognized to cause undesirable effectsto the 

mechanical properties and dimensional stability 

ofcomposites (Akil et al., 2011; Bos et al., 2006). 

Therefore, it is important to study the water 

absorptionbehaviour in order to estimate, not only the 

consequences thatthe absorbed water may cause, but also 

the durability of the naturalfibre composites under water 

(Akil et al., 2011). Hence, the understanding of the 

moisture sensitivity of PF composite is important to 

ascertain its durability especially when exposed to 

humidity. Therefore, CCR composite with moisture 

uptake of  3.21% is expected to be more durable when 

exposed to humidity condition compared with other PF 

composites. 

3.2 Composite Mechnanical Properties 

3.2.1 Composite Tensile Stength: The tensile strength 

of the PF compositeswere determined from stress-strain 

data for five replicate coupons made from the composite 

panels tested in uniaxial tension. A coupon’s tensile 

strength was taken as its maximum stress at 

breakage.The result of the tensile tests is shown in Figure 

4, whichreveal that the tensile strength increased in all 

cases with ASA composite having the highest tensile 

strength of  1.8 MPa among the PF fibers which is about 

30% higher than that of neat epoxy (EPX); this is 

consistent with results obtained by Satyanarayana, et al 

(2009).  
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Figure 4: Plant fibre/Epoxy CompositeTesile strength 
compared with E-glass 

 

Figure 5: Plant Fibre/Epoxy Composite Tensile Modulus and 

Tensile Extension compared with E-glass 
 
This could be attributed to the high bond strength 

between the ASA fibre and epoxy matrix as reported by 

Cheung et al. (2009). This is followed by HCB and then 

ULB compositeswith atensile strengths of 1.49Mpa and 

1.07Mpa respectively. The Young’s modulus of the PF 

composites, on the other hand, which is the measure of 

the rigidity of a material (Bachtair et al., 2008) is shown 

in Figure 5.GLS composite has the highest Young’s 

modulus(YM) of 332.49Mpa followed by HCB with TM 

of 178.26 Mpa.This shows that the YM for GLS 

composite is about 50% higher than the highest value of 

the PF composites. Also, the percentage tensile 

elongation of the PF compositesare greater than that 

produced  from E-glass fibre, which indicates that PF 

composites panels are tougher than GLS composite. 

The specific modulus of the composite samples was 

taken as the ratio of the tensile strength to the density. In 

Figure 6the specific Young’s modulus (SYM) of the PF 

compositesis compared with GLS. HCB has the highest 

STM of 16.21 Mpa which is twice that of GLS followed 

by SDA (13.96 Mpa) and ULB (12.87 Mpa). Therefore, 

it can be deduced that, based on the 

specificYoung’smodulus of the composite panels, HCB, 

ULB and ASA compositeshave dominant characteristics 

which makes them suitable replacement for the classic 

GLS composite in structural load bearing applications 

especially automotive and aerospace applications where 

weight related properties are of concern. 

 

Figure 6:  Plant Fibre/Epoxy Composite Specific Young’s 
Modulus compared with E-glass 

 

3.2.2 Composite Flexural Strength: Figure 7 shows 

the flexural modulus (FM) of the PF composites 

compared with GLS. FM in this study is the stifness of 

the smples subjected to flexural load. HYP, PTA and 

GRW composites have higher FM values among the PF 

composites with 73%, 68% and 50% respectively that of 

GLS which has a value of 5.01Gpa. This result compares 

favourably with what Rao et al(2010) obtained in their 

study of polyester resin reinforced with sisal, vakka and 

bamboo. However, the specific FM of PF composites 

ranges between 3 and 4.5 times higher than that of GLS.  

Several authors (Satyanarayana, et al., 2009, Mysalmy 

and Rajendran, 2011, Yusoof et al., 2010, Herrz-Franco 

and Valedez-Gonzalez, 2005) have adduced the 

interfacial bonding of the fibre and matrix as the most 

critical factor affecting flexural strength in fibre 

reinforced composites. 

However, Azis and Ansell (2014) proposed that the 

flexural strength value depended very much on fibre 

alignment and the location of resin-rich areas within the 

composite structure as well. 
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Figure 7: Plant Fibre/Epoxy Composite Flexural 
Modulus Compared with E-glass 

 

3.2.3 Composite Impact Energy: One of the main 

important aspects of the behaviour of natural plant fibre 

reinforced polymeric composites is their response to 

impact load and the capacity of the composites to 

withstand it during their service life (Dhakal et al., 

2007). The impact energy (IE) is the degree of resistance 

of any material to impact loadingwith or without notch in 

it(Akil et al., 2011). 

 

Figure 8: Plant Fibre/Epoxy Composite Impact test 
result Compared with E-Glass 

 

Bernard et al(2011) in their work reported that impact 

strength is not directlycorrelated to adhesion between the 

The total energy dissipated in the composite beforefinal 

failure occurs is a measure of its impact resistance. From 

Figure 8, the impact energy of the PF composite ranges 

between 18 and 27 kJ/m
2
 with ASA, HCB and ULB 

exhibiting higher values amongst the PF compositeswith 

40% each for ASA and HCB and 37% (ULB) over the 

impact energy of GLS.fibres and matrix rather it can be 

greatly affected by the perfection ofpacking, the length 

and alignment of the fibres, and imperfections in the 

composite such asvoids. However, Josephet al(1996) in 

their paper confirmed that, a significant part of the 

energy absorptionduring impact takes place through the 

fibrepull-out process in most fibre filledcomposites. 

Some authors (Mylsamy and Rajendran, 2011, Dhakal et 

al., 2007 and Maleque et al., 2007) identified majormicro 

failure mechanisms operating during impact loading of 

composites, which includes initiation and propagation of 

matrix microcracking, fibre–matrix de-bonding, and the 

fibre breakage and fibre pull-out. 

3.3 Best PF Composite Candidate 

From equation 3, where the mechanical properties of the 

PF composite was aggregated. ASA composite has the 

best mechanical property combination  and hence the 

most suitable candidate to replace its GLS counterpart 

followed by CCR and HCB. SDA, on the other hand SDA 

is the most unsuitable candidate among the PF/Epoxy 

composite samples to replace GLS. 

  

  

 

 

 

4. CONCLUSION 
 

Simple composite formulations of eight plant fibres were 

developed with epoxy as the matrix, at 40%v/v fibre 

loading and their physical and mechanical properties 

were analyzed. From the results obtained, ASA 

composite sample presented the best mechanical 

perfomance among the PF composites, hence is the most 

suitable replacement for GLSfollowed by CCR. 

However, SDA composite is the candidate for the 

replacement of GLS composite. 
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