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ABSTRACT 

The tensile, flexural and impact properties of Hybrid palm leaf stalk fiber/fruit fiber/rare earth sand filler/ 
sandwiched with glass fiber reinforced in polyester matrix were described for the first time in this work. The natural fibers 
were taken from palm leaf stalk and fruit portion of the palm tree. The extracted palm fibers were treated with potassium 
permanganate solution to enhance their properties. For experimentation three combinations of natural fibers, the first one 
with palm leaf stalk fiber, the second one with palm fruit fiber and the third one with hybrids of both palm leaf stalk/fruit 
fibers were sandwiched inside glass fibers acts as reinforcements. The polyester resin/ rare earth sand filler was blend into 
uniform mixture acts as matrix.  Compression moulding method was adopted to manufacture these in form of composite 
plates. Specimens are cut from the sandwiched composite plates according to the ASTM standards for testing mechanical 
characters. Experimental results on comparison reveal that the Hybridized palm leaf stalk/palm fruit fiber/ rare earth sand 
filler/ sandwiched with glass possessed superior values than the others. Hence the developed composite can be 
recommended for fabrication of automobile parts like car bumpers, under body shield, etc. 
 
Keywords: natural fibers, polymer composites, palm fiber, natural filler, fiber treatment. 

 
1. INTRODUCTION 

Natural fibers reinforced polymer composites 
represent one of today’s fastest growing industries Natural 
fibers having comparable mechanical properties are 
alternates to manmade fibers such as carbon and glass 
fibers in reinforcement with composites. Natural fibers are 
bio-degradable in nature and are widely used in many 
applications [1-3]. It is difficult to compromise the 
properties of natural fiber reinforced composite in 
analogous with synthetic fibers as they possess extreme 
values closer to other metals. Development of bio-based 
polymer composite based products using natural fibers are 
basic interest among researchers due to their great 
advantages like high strength to weight ratio, low cost, 
easily available and fiber matrix adhesion. Eco-friendly 
composites are alternatives for plastic fiber composites [4-
6]. Some natural fibers, like henequen [7], sisal [8], 
coconut fiber [9], jute [10], bamboo [11], date palm [12], 
wood [13], basalt [14], and banana [15] were common 
reinforcement agents in different thermosetting and 
thermoplastic resins. Many researchers manufactured 
composites with and without chemical treatment [16-18]. 
Fillers are added to natural fibers in preparation of 
composites for high strength [19-20]. Increase in 
percentage of coconut shell filler content usually increases 
the tensile strength. Limited research was done in using 
palm as natural composites. Palm fibers residues when 
added with coupling agent in preparation of composites 
enhanced the composite characters [21]. Palmyra fruit 
fiber chemically treated with NaOH whose tensile 
properties were analysed using FEA [22]. Hybrid Oil Palm 
Empty Fruit Bunch composites exhibited good mechanical 
properties and water absorption behavior [23]. The Sugar 

Palm Fibers showed high tensile properties and impact 
strength [24]. Oil palm empty fruit bunch natural fibers 
with Copper nano particles revealed biodegradability [25]. 
Asbestos based automotive brake pads can be replaced 
with palm kernel fiber composites [26]. Long palmyra 
palm petiole fibe based polyester composites holds good 
mechanical strength [27]. The influence of date palm 
fibers and graphite filler on mechanical and wear 
characteristics of epoxy composites showed appreciable 
results [28]. The effect of alkali pretreatments on hybrid 
oil palm empty fruit bunch (EFB) and kenaf core fibers 
showed hybridization improved strength [29]. Hybrid 
composites prepared with jute and oil palm fibers using 
hand lay-up technique finds application in automotive 
industry [30].  

This paper addresses the development of 
Hybridized palm leaf stalk/palm fruit fiber/ rare earth sand 
filled/ sandwiched with glass fiber and reinforced in 
polyester to form composites. Results shows hybrid fiber 
is superior. 
 
2. EXPERIMENTATION 
 
2.1. Materials 

The materials used to develop the sandwiched 
composites are naturally available fibers extracted from 
the leaf stalk and fruit portions of the palm tree figure1. 
To enhance the properties of these fibers 8% KMnO4 
solution was used.  
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Figure-1. Palm fiber spotted on palm tree. 
 

Three combinations of natural fibers were 
required, the first one with palm leaf stalk fiber, the 

second one with palm fruit fiber and the third one with 
hybrids of both palm leaf stalk/fruit fibers. All the three 
combinations of natural fibers were sandwiched inside 
commercially available E glass fiber for reinforcement. 
Polyester (resin), cobalt napthanate (hardener), methyl 
ethyl ketone peroxide (catalyst), were blend with rare 
earth sand filler into uniform mixture that acts as matrix. 
Wax polish as mould releasing agent was used for mould 
box surface coating. 
 
2.1. Preparation of specimen 

The Table-1 shows the combinations of Polyester 
resin, fibers and filler materials in weight percentage. The 
composite plates A, B and C were fabricated in these 
combinations. 

 
Table-1. Combination of Polyester resin and the natural fiber in weight %. 

 

Specimen Combinations 
Weight 

% gm 

A 
Polyester resin + 70 1050 

8% KMnO4 treated Palm leaf stalk fiber mat + E-
glass fiber mat + Rare earth sand filler 

30 450 

B 
Polyester resin + 70 1050 

8% KMnO4 treated Palm fruit fiber mat + E-
glass fiber mat + Rare earth sand filler 

30 450 

C 

Polyester resin + 70 1050 

8% KMnO4 treated Hybrid Palm leaf stalk and 
Palm fruit fiber mat + E-glass fiber mat +Rare 

earth sand filler 
30 450 

 
2.3. Fabrication of Composites for testing 

Compression moulding method was adopted for 
fabricating all the composites A, B and C as plates using a 
moulding box of size 300mm × 200mm × 10mm. All the 
composite plates are allowed to dry at room temperature 
for 24 hours. Finally the composite plates were taken out 
from the moulding box. The composite plates fabricated in 
this combination were cut as per ASTM D standard 
specimen for performing various tests to find tensile, 
flexural, impact and hardness properties. 
 
3. MECHANICAL STUDY 
 
3.1. Tensile strength 

The samples of each material were tested on a 
computerized servo controlled Universal Testing Machine 
with specimen standard ASTM D 638. The samples are 
placed in the grips of the UTM, the gauge length and cross 
head speeds are fixed to 50mm and 2mm/min respectively 
and pulled apart for measuring strength and elongation 
until the specimen got fractured. 
 
 

3.2 Flexural strength 
Flexural test was conducted on all these samples 

with specimen standard ASTM D 790 using the same 
computerized UTM with a special attachment. The speed 
of test was set as 2mm/min at room temperature. 
 
3.3 Impact strength 

The impact strength of all composites was 
measured using a charpy impact tester with specimen 
standards ASTM D 6110. The energy absorbed by each 
specimen during the test was recorded. 
 
3.4 Hardness value 

Rockwell hardness test was conducted on these 
specimens prepared as per ASTM D 785 standard in a 
Rockwell hardness tester. A constant load was applied for 
15 seconds and the hardness was measured. 
 
4. RESULTS AND DISCUSSIONS 

Alkali treatment caused fibrillation i.e., breaking 
of fiber bundles into smaller fibers which increased the 
effective surface area available for wetting by the matrix 
material and yielded a better fiber-matrix interface 
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adhesion. The addition of filler material got filled on the 
gaps and considerably decreased the voids formation 
during polymerization. 
 
4.1 Stress Vs Strain 

Figure-2 shows the stress-strain plot of specimen 
combinations, it can be seen that the hybrid composite 
(specimen C) holds maximum value.  
 

 
 

Figure-2. Stress Vs Strain graph. 
 
4.2 Specimen Vs UTS 

Figure-3 illustrates the plot of Ultimate Tensile 
Strength (UTS) in N/mm2 versus specimen combinations, 
it can be seen that the hybrid composite (specimen C) has 
maximum value of UTS.  
 

 
 

Figure-3. Comparison of ultimate tensile strength. 
 
4.3 Specimen Vs Flexural strength 

The variation of flexural strength for the 
specimen combinations were shown in Figure-4. The 
hybrid composite (specimen C) recorded increase in 
flexural strength than the other specimens. This was due to 
high fiber-matrix compatibility, good fiber-matrix 
interaction and wetting. 
 

 
 

Figure-4. Comparison of flexural strength. 
 
4.4 Specimen Vs Impact strength 

The variation of impact strength for the specimen 
combinations were shown in Figure-5.  
 

 
 

Figure-5. Comparison of impact strength. 
 

The hybrid composite (specimen C) recorded 
increase in impact strength than the other specimens, 
which results in obtaining the enhanced impact properties. 
 
4.5 Specimen Vs Hardness 

The variation of hardness for the specimen 
combinations were shown in Figure-6. The hybrid 
composite (specimen C) recorded increase in hardness 
than the other specimens. 
 

 
 

Figure-6. Comparison of hardness property. 
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5. CONCLUSIONS 
The successful fabrication of sandwiched 

polymer composite using the less utilized palm fibers was 
completed. The various mechanical tests revels that the 
mechanical properties of Hybrid palm leaf stalk fiber/fruit 
fiber/rare earth sand filler/ sandwiched with glass fiber 
reinforced polymer composite (specimen C) were superior 
to other composites.  
 
REFERENCES 
 
[1] Nabinejad. D, Sujan. M.E., Rahman, Ian J. Davies. 

2015. Effect of oil palm shell powder on the 
mechanical performance and thermal stability of 
polyester composites. Materials and Design. 65: 823-
830. 

[2] Parnia Zakikhani., R. Zahari., M.T.H. Sultan., D.L. 
Majid. 2014. Extraction and preparation of bamboo 
fibre-reinforced composites. Materials and Design. 
63: 820-828. 

[3] Hind Abdellaoui., Hala Bensalah. 2015. Jamal 
Echaabi. Rachid Bouhfid. Abouelkacem Qaiss. 
Fabrication characterization and modelling of 
laminated composites based on woven jute fibres 
reinforced epoxy resin. Materials and Design. 68: 
104-113.  

[4] Emanuel M., Fernandes. Vitor M. Correlo. João F. 
Mano. Rui L. Reis. 2015. Cork-polymer 
biocomposites: Mechanical structural and thermal 
properties. Materials and Design.  

[5] Elias Nassiopoulos., James Njuguna. 205. Thermo-
mechanical performance of poly(lactic acid)/flax 
fibre-reinforced biocomposites. Materials and Design. 
66: 473-485.  

[6] Rachel P.O., Santos. Bruno V.M. Rodrigues. Elaine 
C. Ramires. Adhemar C. Ruvolo-Filho. Elisabete 
Frollini. 2015. Bio-based materials from the 
electrospinning of lignocellulosic sisal fibers and 
recycled PET. Industrial Crops and Products.  

[7] Y. Li and Y.O. Shen. 2015. The use of sisal and 
henequen fibres as reinforcements in composites. 
Composite Materials. 6: 165-210.  

[8] Yan Li., Hao Ma, Yiou Shen., Qian Li., Zhuoyuan 
Zheng. 2015. Effects of resin inside fiber lumen on 
the mechanical properties of sisal fiber reinforced 
composites. Composites Science and Technology. 
108: 32-40.  

[9] Pakanita Muensri., Thiranan Kunanopparat., Paul 
Menut., Suwit Siriwattanayotin. 2011. Effect of lignin 
removal on the properties of coconut coir fiber/wheat 
gluten biocomposite. Composites Part A: Applied 
Science and Manufacturing. 42: 173-179.  

[10] Xiangming Zhou., Seyed Hamidreza Ghaffar., Wei 
Dong., Olayinka Oladiran., Mizi Fan. 2013. Fracture 
and impact properties of short discrete jute fibre-
reinforced cementitious composites. Materials and 
Design. 49: 35-47. 

[11] H.P.S. Abdul Khalil., M.S. Alwani., M.N. Islam., S.S. 
Suhaily., R. Dungani., Y.M. H’ng and M. Jawaid. 
2015. The use of bamboo fibres as reinforcements in 
composites. Composite Materials. 16: 488-524.   

[12] P. Noorunnisa Khanam., M.A. AlMaadeed. 2014. 
Improvement of ternary recycled polymer blend 
reinforced with date palm fibre. Materials and Design. 
60: 532-539.  

[13] K. Charlet., F. Saulnier., M. Dubois., A. Béakou. 
2015. Improvement of wood polymer composite 
mechanical properties by direct fluorination. Materials 
and Design. 74: 61-66.  

[14] V. Fiore., T. Scalici., G. Di Bella., A. Valenza. 2015. 
A review on basalt fibre and its composites. 
Composites Part B: Engineering. 74: 74-94.  

[15] A. Alavudeen., N. Rajini., S. Karthikeyan., M. 
Thiruchitrambalam., N. Venkateshwaren. 2015. 
Mechanical properties of banana/kenaf fiber-
reinforced hybrid polyester composites: Effect of 
woven fabric and random orientation. Materials and 
Design. 66: 246-257.  

[16] R. Yahaya., S.M. Sapuan., M. Jawaid., Z. Leman., 
E.S. Zainudin. 2015. Effect of layering sequence and 
chemical treatment on the mechanical properties of 
woven kenaf-aramid hybrid laminated composites. 
Materials and Design. 67: 173-179. 

[17] K. Anbukarasi. S. Kalaiselvam. 2015. Study of effect 
of fibre volume and dimension on mechanical thermal 
and water absorption behaviour of luffa reinforced 
epoxy composites. Materials and Design. 66: 321-
330.  

[18] A. Hakamy. F.U.A. Shaikh. I.M. Low. 2015. Thermal 
and mechanical properties of NaOH treated hemp 



                               VOL. 5, NO. 1, JUNE 2016                                                                                                                     ISSN 2305-493X 

ARPN Journal of Earth Sciences 
©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
                                                                                                                                                          12 

fabric and calcined nanoclay-reinforced cement nano 
composites. Materials and Design. 80: 70-81. 

[19] J. Sarki., S.B. Hassan., V.S. Aigbodion., J.E. 
Oghenevweta. 2011. Potential of using coconut shell 
particle fillers in eco-composite materials. Journal of 
Alloys and Compounds. 509: 2381-2385. 

[20] BSJ Retnam, M Sivapragash, P Pradeep. 2013. Effect 
of Fiber Orientation and Filler Material on Tensile 
and Impact Properties of Natural FRP European 
Journal of Scientific Research. 99: 55-60. 

[21] S.A.S. Goulart., T.A. Oliveira., A. Teixeira., P.C. 
Miléo., D.R. Mulinari. 2011. Mechanical Behaviour 
of Polypropylene Reinforced Palm Fibers 
Composites. Procedia Engineering. 10: 2034-2039. 

[22] G. Velmurugan1, D. Vadivel, R. Arravind, S.P. 
Vengatesan, A. Mathiazhagan. 2012. Tensile Test 
Analysis of Natural Fiber Reinforced composite. 
International Journal of Mechanical and Industrial 
Engineering. (IJMIE). 2. 

[23] N. W. A. Razak, A. Kalam. 2012. Effect of OPEFB 
Size on the Mechanical Properties and Water 
Absorption Behaviour of OPEFB/PPnanoclay/PP 
Hybrid Composites. Procedia Engineering. 41: 1593-
1599. 

[24] S.M. Sapuana, D. Bachtiara. 2012. Mechanical 
Properties of Sugar Palm Fibre Reinforced High 
Impact Polystyrene Composites. Procedia Chemistry. 
4: 101-106. 

[25] M.N.K. Chowdhurya, M.D.H. Bega, Maksudur R. 
Khana. 2013. Biodegradability of nanoparticle 
modified fiber reinforced polyester resin 
nanocomposite. Procedia Engineering. 68:431-438. 

[26] K.K. Ikpambese, D.T. Gundu, L.T. Tuleun. 2014. 
Evaluation of palm kernel fibers (PKFs) for 
production of asbestos-free automotive brake pads. 
Journal of King Saud University - Engineering 
Sciences. 

[27] Nadendla Srinivasababu. J. Suresh Kumar. K. Vijaya 
Kumar Reddy. 2014. Manufacturing and 
Characterization of Long Palmyra Palm/Borassus 
Flabellifer Petiole Fibre Reinforced Polyester 
Composites. Procedia Technology. 14: 252-259. 

[28] A. Shalwan, B.F. Yousif. 2014. Influence of date 
palm fibre and graphite filler on mechanical and wear 

 characteristics of epoxy composites. Materials 
and Design. 59: 264-273. 

[29] Tye Ying Ying., Lee Keat Teong, Wan Nadiah Wan 
Abdullah, Leh Cheu Peng. 2014. The Effect of 
Various Pretreatment Methods on Oil Palm Empty 
Fruit Bunch (EFB) and Kenaf Core Fibers for Sugar 
Production. Procedia Environmental Sciences. 20: 
328-335.  

[30] Bahi Bakeer, Iman Taha, Hamed El-Mously, S.A. 
Shehata. 2013. On the characterisation of structure 
and properties of sorghum stalks. Ain Shams 
Engineering Journal. 4: 265-271. 


