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Abstract 

In this study, the mechanical properties of the composites made of 

areca fibers as reinforcing agent with polyester matrix were evaluated. Both 

untreated and treated (mercerized) fibers were used to fabricate composites 

and the mechanical properties such as tensile strength (TS), tensile modulus 

(TM), flexural strength (FS), flexural modulus (FM) and impact strength (IS) 

of the composites were examined. Composites were manufactured by means 

of hand lay-up technique with varying fiber content (5 and 10%). Mechanical 

properties of plywood were also tested and compared with the composites. It 

was found that areca fiber composites showed significant improved 

mechanical properties than plywood. Among the composite materials 10% 

fiber loading presented higher mechanical properties than 5% fiber content 

and the treated fiber composites exhibited enhanced mechanical properties 

than the untreated fiber composites due to strong interfacial bonding between 

fiber and matrix. In addition, water uptake test was performed and specifies 

that areca composites absorbed very much lower amount of water than that of 

plywood. The morphology was investigated by scanning electron microscopy 

(SEM). 
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Introduction 

Ecological awareness is forcing manufacturers to seek new resources 

which are eco-friendlier. In recent years, plant fibers have been getting 
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substantial attention as alternatives of synthetic fiber reinforcements for 

applications like packaging, automobile, low-cost housing, and other 

constructions. The natural lignocellulosic fibers are capable to impart definite 

advantages to the composites such as low density, biodegradability and higher 

degree of flexibility during the manufacturing process. Currently natural fibers 

like, jute, coir, cotton, sisal, okra and other natural fibers have appealed the 

attention of technologists and scientists. It has been observed that the 

lignocellulosic fiber composites possess requisite physical, mechanical 

strength and other properties like good thermal properties with better electrical 

resistance (Rahman et al., 2018, Srinivasa et al., 2011). 

Recently, widespread studies which have been ended on 

lignocellulosic fibers such as jute (Abdullah-Al-Kafi et al., 2006, De 

Albuquerque et al., 2000), sisal (Oksman et al., 2002), banana (Liu et al., 2009, 

Quintana et al., 2009), pineapple (George et al., 1998, Mishra et al., 2001) and 

oil palm empty fruit bunch fibers (Khalil et al. 2007, Rozman et al., 1999) have 

presented that the lignocellulosic fibers can be the potential and effective 

reinforcement in both thermoset and thermoplastic materials. According to 

Bledzki et al. (2002), and Wambua et al. (2003), lignocellulose fibers show 

numerous benefits over the synthetic fiber counterparts. Lignocellulose fibers 

have drawn huge attention due to their plentiful obtainability, renewable 

nature and lower cost. Lignocellulose fibers are able to deliver a high strength 

to weight ratio in plastic composite materials due to their low specific gravity, 

which is about 1.25–1.50 g/cm3 compared to synthetic fibers, in particular, 

glass fiber which is about 2.6 g/cm3. The production procedure of 

lignocellulose fibers also offers improved working condition than the synthetic 

fibers. On the other hand, skin irritation and respiratory diseases are initiated 

among workers from the trimming and mounting of glass fiber components 

(Sripaiboonkij et al., 2011).  

Even though several studies on physico-mechanical properties of 

natural fiber reinforced composites have been carried out, only a few 

references are existing on areca fiber reinforced composites. Among the 

natural fiber reinforcing resources, areca seems to be a favorable material 

because it is plentifully obtainable, inexpensive and a very high potential 

perennial crop. It belongs to the species Areca Catechu L., under the family 

Palmecea and originated in the Malaya Peninsular, East India (Rajan et al., 

2005). The husk of the areca constitutes about 60–80% of the total weight and 

volume of the fresh fruit. About 4 cm of filament length indicates that the areca 

husk fiber is too short compared to other bio-fibers. Both coarser and fine 

filaments are present in the fiber. The coarse ones are ten times coarser than 

the jute fibers and the finer are similar to jute fiber. The fiber could be used for 

making value added items like fluffy cushions, thick boards and non-woven 

fabrics (Arifulla et al., 2007).  
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To develop the mechanical properties of the composites like strength, 

durability, stiffness, and reliability, it is essential to study the mechanical 

behavior of natural fiber composites. The mechanical behavior of a natural 

fiber-reinforced composite can be influenced by many factors, such as fiber 

length, strength, orientation, modulus and the interfacial bond strength 

between matrix and fiber. To achieve improved mechanical properties of the 

composites, a strong fiber–matrix interface bond is required. A good 

interfacial bond is mandatory for effective stress transfer from the matrix to 

the fiber whereby maximum utilization of the fiber strength in the composite 

is achieved. Most research reviewed indicates the effect of alkali treatment in 

improving fiber strength (Mohanty et al., 2000), fiber–matrix adhesion and the 

performance of the natural fiber composites (Kalia et al.,  2009). Therefore, 

this study seeks to determine the tensile, flexural and impact properties of 

areca fiber reinforced polyester composites. A better understanding will help 

to develop productive end uses for areca fruit bunch, mitigating environmental 

problems from waste biomass while also developing an alternative material to 

wood. 

 

Methodology 

Materials 

Polyester resin (Liquid SHCP 268 BQT), Hardener MEKP (Dimethyl 

ethyl ketone peroxide), Sodium Hydroxide and Acetic Acid,  Mold (300 mm 

 300 mm  6 mm), Mold releasing agent and Mold releasing paper were 

purchased from local market, Dhaka. Areca fruits were obtained from a Firm 

House of Gazipur District, Bangladesh. The plywood of the same thickness 

was purchased from the renowned plywood producer of Bangladesh named 

‘Partex’.  

 

Fiber Extraction 

Firstly, areca fruits were dried under the sunlight for five days. Then 

the fruits were beaten by hammer for loosening the husks. The husks were 

manually separated from the nut by the use of dissecting needle. Areca husks 

were soaked in water for about five days. The soaking process allowed the 

separation and extraction of the fiber easily. Finally, the fibers were washed 

again with deionized water and dried at room temperature for about fifteen 

days. The dried fibers are designated as untreated fiber.  

 

Surface Modification 

The areca fibers were immersed in the solution of 2% NaOH (on the 

sample weight) with maintaining the material liquor ratio of 1:40. Fibers were 

kept in this condition for 72 hours at room temperature. After that, the fibers 
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were thoroughly washed in running water, then neutralized with 2% acetic 

acid solution. Finally, it was again washed in running water to remove any 

traces of acid sticking to it so that the PH of the fibers become neutral. Then 

they were dried at room temperature for 48 hours. The weight of the areca 

fibers was decreased by 10.2% after alkaline treatment. 

 

The Strength of Areca Fiber 

Most of the natural fibers show enhanced tensile strength than flexural 

strength. Areca fiber is one of such characteristic natural fiber materials. The 

strength must be confirmed in order to satisfy the requirements of application 

for any structural materials. Versatile tensile equipment (Houndsfield, UK) 

controlled by the computer is employed to conduct the strength test of areca 

fiber. 5N load with a speed of 0.5 mm/ min was used in this experiment. Areca 

fiber was fixed in a paper support so that the fiber should not be twisted or 

broken during fixing into the jaws. This helps in maintaining a required gauge 

length of the specimen. The quick adhesive was used to fix the fiber in the 

fiber support. The gauge length of the test specimen was maintained at 20 mm 

in all the experiments.  

 
Figure 1: Specimen fixed on a paper support 

 

Figure 1 shows the paper support used in the tensile test of the areca 

fiber. The specimen along with the paper support was transferred to the 

machine. Then a wing of the paper support was cut off so that the force 

developed in the machine will be acting totally on the fiber specimen. 10 

samples were carried out to get the average values of the properties. Tensile 

strength, tensile modulus, and elongation at break were evaluated. In Figure 

2, the results show that the highest stress is 96.75 MPa with 11.2% elongation 

at break for virgin fiber. Chemical treatment of areca fiber with NaOH shows 

that the treatment favorably increases the strength of the fibers. Maximum 

stress at fracture is found to be 117.25 MPa with 15.6% elongation at break. 
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The tensile modulus values were in the range of 1050–1140 MPa for both 

untreated and treated fibers. 

 
Figure 2: Stress-strain diagram for untreated and alkali treated areca fiber 

 

Fiber Preparation 

Both treated and untreated areca fibers were opened out by Shirley 

Analyzer. Fine and coarse fibers were separated by falling them into the 

delivery and waste box respectively. The coarse fibers were selected as 

reinforcing material. 

 

Preparation of Composites 

Fiber configuration and volume fraction are two important factors that 

affect the properties of the composite. In this work, the randomly distributed 

fibers were reinforced with polyester resin in two different weight proportions 

(5 % areca fiber with 95% polyester resin and 10 % areca fiber with 90% 

polyester resin on the basis of weight) to prepare the composites. This 

proportion remained same in the composite for both untreated and treated 

fibers. First, the mold (300 mm x 300 mm x 6 mm) was polished and then a 

mold-releasing agent (Polyvinyl alcohol) was applied on the surface to 

facilitate easy removal of the composite from the mold after curing. 50 gm 

areca fiber and 2000 gm polyester resin were measured by electrical balance 

respectively. Then 1% (wt.%) hardener MEKP thoroughly mixed into the 

polyester resin and stirring continued until the pink color is changed to grey.  

Then one-fourth mixture was poured into the mold and randomly distributed 

fibers were placed on the surface of the mixer to fill up the mold. The rest of 

the mixture was filled onto the fiber surface uniformly. The mold release paper 
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(previously cut according to the size of mold) placed upon the mixture and 

manually a roller was driven to and fro for 5-7 minutes on the mold release 

paper to make the mixer uniform to prevent air bubble and then 10 kg weight 

placed on the mold release paper for 48 hours to cure the composite. In this 

way, four composite samples were made with varying the ratio of untreated 

and treated fiber. 

 

Mechanical Testing 

Tensile tests were carried out using a Universal Testing Machine 

(Hounsfield series S, model: H 50 KS-0404, UK) according to DIN 53455 

standard method. The gauze length was 20 mm by maintaining the cross-head 

speed of 10 mm/min. The load capacity was 50 KN and dimensions of the test 

specimen were 60 mm × 15 mm × 6 mm. Flexural tests were evaluated 

according to DIN 53452 standard by means of the same testing machine at a 

cross-head speed of 10 mm/min and span length was 40 mm. The impact 

strength was examined using a pendulum type impact tester (MT-3016, 

Germany) according to DIN EN ISO 179 method in the flat wise, un-notched 

mode.   

Samples were conditioned at 27°C and 55% R.H for several days 

before testing which is termed as dry state. The mechanical properties were 

also examined after the immersion of the samples for 10 days in deionized 

water which is termed as wet state. The final results were taken as the average 

values of the five samples. 

 

Water Uptake 

Composite samples (20 × 10 × 6 mm3) were immersed in a beaker 

containing deionized water at room temperature for 10 days. Before 

immersion in water, the specimens were dried properly and weighed. After 

definite periods of time, samples were withdrawn from the beaker and 

weighed. Water absorption was calculated by using the following formula: 

Water uptake (%) = [(Wwet–Wdry)/Wdry]×100, where Wdry and Wwet are the 

weight of the specimens before and after immersion. 
 

Scanning Electron Microscopic Analysis 

The composite samples were placed on an aluminum holder and 

sputtered with gold-platinum in a Hummer IV sputter coater. SEM 

micrographs were taken from scanning electron microscope at accelerating 

voltage of 10 and 15 KV.  
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Results and Discussion 

Comparative Studies of the Mechanical Properties of the Composites 

The tensile, flexural and impact properties of the composites and 

plywood were evaluated and compared. The results are presented in Figure 3-

7. Figure 3 and 4 indicates the tensile strength and tensile modulus of the 

composites respectively. The flexural strength and modulus of the composites 

are shown in Figure 5 and 6 respectively. The results of the impact strength in 

the dry and wet state are illustrated in Figure 7.  

 
Figure 3: Tensile strength of areca-polyester composites and plywood in the dry and wet 

state 

 

The TS, FS and IS of neat polyester were found to be 8.67 MPa, 16.75 

MPa and 0.84 KJ/m2. From Figures 3-7, the TS, FS and IS of the untreated 

(5% fiber) composites were found to be 11.53 MPa, 21.25 MPa and 1.12 

KJ/m2 respectively whereas that value for treated (5% fiber) composites were 

12.61 MPa, 25.8 MPa and 1.19 KJ/m2. The TM and FM values were 564 MPa, 

1.5 GPa for untreated (5% fiber) and 636 MPa, 1.9 GPa for treated (5% fiber) 

composites respectively. The TS, FS and IS of untreated (10% fiber) 

composites were found to be 15.21 MPa, 27.6MPa and 1.38 KJ/m2 

respectively and that value for treated (10% fiber) composites was 18.43 MPa, 

30.7 MPa and 1.62 KJ/m2 respectively. On the other hand, the TM and FM 

values were found to be 647 MPa, 2.6 GPa for 10% untreated and 756 MPa, 

3.2 GPa for 10% treated fiber composites respectively.  
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Figure 4: Tensile modulus of areca-polyester composites and plywood in the dry and wet 

state 

 

From the figures, it was also found that the composites retained their 

original mechanical properties after 10 days of immersion of water, as the 

values were very much closer to dry state. The TS, FS and IS of untreated (5% 

fiber) composites were improved 32.9, 26.8 and 33.3% respectively compared 

to neat polyester. Again   TS, FS and IS of untreated (10% fiber) composites 

were improved 75.4, 64.7 and 76.1% respectively compared to neat polyester 

resin. Similarly, treated fiber reinforced composite possessed a significant 

improvement of TS, FS and IS compared to matrix polyester. The TS values 

were improved to 45.5 and 112.5% for treated 5 and 10% fiber composites 

respectively. On the other hand, FS values were enriched to 54 and 83.2% for 

treated 5 and 10% fiber composites respectively, while the IS values showed 

52.3 and 92.8% development respectively. So, the results indicate that both 

types of fibers reinforced with polyester matrix successfully.  Both untreated 

and treated composites gained a significant improvement in the mechanical 

properties. It was found that untreated fiber based composite showed relatively 

lesser TS, TM, FS, FM and IS and compared to treated fiber based composites. 
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Figure 5: Flexural strength of areca-polyester composites and plywood in the dry and wet 

state 

 

The TS, FS and IS values of plywood were 3.8 MPa, 7.6 MPa and 0.19 

KJ/m2 in the dry state and in the wet state, the values were 2.2 MPa, 2.1 MPa 

and 0.08 KJ/m2, which are much lower than the areca fiber composites. The 

TM values in the dry and wet state were found to be 135 MPa and 85 MPa 

respectively, whereas the FM values were 0.3 GPa and 0.15 GPa respectively. 

It was revealed that the treated (10% fiber) composite found to be 21, 11.2 and 

9.5% improvement of TS, FS and IS over the untreated (10% fiber) composite 

respectively. 

 
Figure 6: Flexural modulus of areca-polyester composites and plywood in the dry and wet 

state 
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Alkali treatment improves the fiber-matrix adhesion due to the removal 

of dirty substances from the fiber and produces high-quality fibers. Alkali 

treatment also reduces fiber diameter, thereby increasing the aspect ratio. The 

development of rough surface topography and enhancement in aspect ratio 

offers better fiber-matrix interface adhesion and an increase in mechanical 

properties. Mercerization also increases surface roughness resulting in better 

mechanical interlocking between fiber and matrix (Hassan et al., 2011, 

Rahman et al., 2018). 

 
Figure 7: Charpy impact strength of the composites and plywood in the dry and wet state 

 

Water Uptake 

Water uptake decides the water-swelling performance of the 

composites. The results of water uptake (%) of composites and plywood are 

shown in Figure 8 and 9 against the time (days) of the soaking in water. It was 

displayed that the untreated composites show considerably higher water 

absorption than that of treated composites. The water uptake values (0.12–

0.35%) of untreated (5% fiber) composite at different soak time drops down 

to (0.01–0.09%) for treated (5% fiber) composite. Similarly, the water 

absorption values (0.19–0.69%) of untreated (10% fiber) composite falls down 

to (0.03–0.16%) for treated (10% fiber) composite after 10 days of immersion. 

The water absorption by both untreated (5% fiber and 10% fiber) samples was 

very fast within the initial 3 days. The absorption rate of treated composites 

was very slow and become static with time, whereas the untreated sample still 

continued to soak very slowly in the water up to 10 days. 
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Figure 8: Water absorption% of areca-polyester composites 

 

 
Figure 9: Water absorption% of plywood 

 

The untreated (5 and 10% fiber) sample took water up to about 0.35 

and 0.69% respectively, whereas that of the treated sample was about 0.09 and 

0.15% respectively, which was well predictable and revealed that untreated 

composites absorb more water than treated composites. The reason behind the 

reduced absorption of water by the treated sample may be the void space of 

fiber filled by the polymer. Hydroxyl groups present in the cellulose form 

intermolecular hydrogen bonds with other cellulose molecules as well as with 

other hydrogen groups and increase moisture absorption. However, the 

groupings of long-chain cellulose molecules in the cell contain amorphous and 

crystalline regions. In the crystalline region, the hydroxyl groups of adjacent 

cellulose molecules are mutually bonded or cross-linked. For that reason, there 
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are no sites to hold water within crystalline region is accessible for water 

absorption (Hassan et al., 2010; Sampathkumar et al., 2012). 

On the other hand, Figure 9 indicates that the plywood samples 

absorbed more than 37% of water after 10 days immersion which was well 

estimated. 
 

Morphological Study 

To understand the adhesion between fiber and matrix, SEM studies 

were carried out. SEM images of the surfaces (a, b) and fracture surfaces after 

tensile tests (c, d) are presented in figure 10. Only treated (10% fiber) 

composites were selected for SEM analysis. From the figure, it is cleary seen 

that the surface is smooth and the pull-out of areca fiber is low and the bond 

between areca and polyester matrix is quite good. Fibers were incorporated 

properly inside the matrix and the agglomeration is not much high. 

Mercerization increases the surface roughness of fiber, as a result, better fiber-

matrix adhesion was originated. From the SEM image, it can be concluded 

that areca fibers and polyester matrix bonds are quite promising. In contrast, 

some short fibers of areca fiber edges are found in the composite which 

reduced the ultimate mechanical properties. 

 
Figure 10: SEM image of the surface (a, b) and tensile fracture surface (c, d) of the treated 

(10% fiber) composites 
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Conclusion 

Areca fiber reinforced polyester composites were manufactured 

efficaciously by the hand lay-up technique and physico-mechanical properties 

were evaluated. It can be concluded that the values of TS, FS and IS of the 

resulting alkali treated fiber composites were higher than that of virgin fiber 

composites. The investigation also showed that at 10% fiber content, the 

composites achieved the best mechanical properties. The TS, TM, FS, FM and 

IS were found to be 18.43 MPa, 756 MPa, 30.65 MPa, 3.2 GPa and 1.62 KJ/m² 

for 10% treated fiber composites in the dry state respectively. In the wet state, 

these values were found 18.21 MPa, 737 MPa, 30.12 MPa, 3.1 GPa and 1.54 

KJ/m2 respectively. The obtained results revealed that the composites retained 

their original mechanical properties in the wet state due to very little amount 

of water absorption. The water resistance behavior of composites was 

improved when composites were made with mercerized fiber. Finally, it had 

been observed that areca composites possessed sufficient physical and 

mechanical properties which can be used in diversified applications as the 

alternative of better quality plywood. SEM image showed the polyester and 

areca fiber was good in adhesion but interfacial affection can be further 

developed by increasing the fiber content and also by using coupling agent in 

the composite. 
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