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Abstract: Natural fibers from plants are gaining importance 

and may substitute wood in the production of wood plastic 

composites (WPC). To ensure continuity of fiber supply and 

sustainability of WPC industries, fibers of various types could be 

mixed together to obtain Mix WPC. However, research need to be 

carried out to identify the contribution of different fiber type 

collectively to the mechanical properties of Mix natural fiber 

polymer composite (NFPC). In this study, preliminary work on the 

use of natural fibre (NF) such as kenaf, sugar palm and pineapple 

leaf fibers in the preparation of Mix NFPC were carried out. Four 

different fiber mix samples with different fiber ratio and size were 

formulated using polypropylene (PP) as the polymer matrix. 

Montmorrilonite (MMT) filler was added at constant amount for 

enhancement of composite mechanical properties. Samples were 

mixed and prepared using a twin screw extruder and mini 

injection moulding resepectively. Individual fibers and NFPC 

prepared were characterized using thermogravimetric analyzer 

(TGA). Tensile, flexural and impact strength of the composites 

were determined. Generally, it was found that addition of fiber 

mix at 50% fiber loading enhance the tensile and flexural strength 

of the various NFPC with minimal exceptions. The impact 

strength of the composites were comparable to that of blank PP 

implying that addition of fiber gives additional advantage besides 

being eco-friendly. It was also found that higher kenaf loading 

and different size of fiber mix contribute positively to the various 

strengths measured. In addition to that, composition of individual 

fibers also contribute to the mechanical properties of the NFPCs. 

 
Keywords: Composites thermal properties, Mechanical 

strength, Natural fibers. 

 

I. INTRODUCTION 

      In many tropical countries, agricultural waste such as 

palm oil empty fruit bunch (POEFB) and pineapple leaf (PAL) 

can be conveniently converted to fibers for consumption in 

various downstream industries such as wood plastic 

composites (WPC) and handcraft products. Natural fibers 

from trunk of oil palm [1, 2] and sugar palm trees [3, 4] are  
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among other source of fibers which have potential use in 

WPC.  Other than that, short harvest plants such as hemp, 

kenaf, jute, flax, sugarcane bagasse and luffa could also serve 

as alternatives to wood fibers [5, 6] 

      Due to limited supply and issues related to 

sustainability,WPC industries need to be non-choosy in using 

wood or non-wood materials as the fiber in producing 

composites. Wood fibers in WPC are limited to sawdust, 

wood powder and wood flour from timber industry waste that 

contains contaminants such as adhesives, resins and coatings 

[7]. NF from agriculture waste such POEFB consists of 

substantial amount of oil (~ 7.4 %) and are not suitable for 

consumption in WPC [8]. Alternative source of NF which are 

more economic and sustainable are plant fibers and fibers 

from tree trunks. To name a few, short harvest plants such as 

kenaf, jute, flax, sugarcane bagasse and luffa are some of 

these plant fibers available as local crops in many tropical 

countries. More economical would be to mix fibers of various 

types and sizes to ensure availability and continuity of supply.  

Furthermore, hybridization of one natural fibre with other 

natural fibre provide further advantage of  reduction in  the  

water uptake capacity compared with individual natural fibre 

reinforcement [9]. 

     This paper discusses some preliminary study that were 

carried out in the preparation of NFPC using mix fibers of 

kenaf, pineapple leaf (PAL) and sugar palm (SP).  All these 

fibers are available locally in Malaysian plantations. The 

purpose of using these fibers are their availability and 

possibility of diversifying their application in industry. 

II. METHODOLOGY 

A. Materials and Chemicals 

      Injection molding grade polypropylene (Manufacturer: 

Etilinas; Grade: MH03), Kenaf fibers (Lembaga Kenaf 

Malaysia) ; sugar palm fibers and pineapple leaf fiber were 

obtained as waste from a local plantation in Jempol and a 

pineapple plantation at MARDI Klang, Selangor, respectively. 

Polypropylene-graft-maleic anhydride (MAPP) were 

supplied by Aldrich and Cloisite 15A montmorrilonite clay 

(MMT) was supplied by Southern Clay Products, Gonzales 

Texas, USA. 

B.   Preparation of fibers.  

     Pineapple leaves were cleaned and dried in an oven prior 

to pressing in a two-roll mill to remove non-fibrous 

component. Kenaf and sugar 

palm fibers were used as 

received.  
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All three fibers were crushed using a pulveriser and sieved 

using appropriate siever to obtain the required size i.e. 0.595 

and 0.25 mm. MMT were initially dried at 70℃ for 24 hours 

before grinded using mortar and pestle.  

C. Compounding and Formulation of NFPC  

NFPC compound were prepared by mixing all components 

in a twin screw extruder machine (PRISM TSE 16TC) at 

220°C barrel temperature and roller speed of 70 rpm. 

Extrudates were pelletized and dried before injection molded 

into test pieces. Four NFPC compounds were prepared. KP01 

and KP02 which include mixed fibers of kenaf and PAL at 2 

different wt% ratio of kenaf: PAL but with same fibre size 

ratio of (0.595: 0.595) mm. KP01 and KP02 were prepared 

with same wt % ratio of kenaf: SP (25:25) but at two different 

fiber size ratio. Loading of MAPP compatibilizer and MMT 

filler were fixed at 4 and 2 wt % respectively. Polypropylene 

(PP) 100 % by wt were also prepared as blank sample. 

Summary of NFPC compounds and blank PP prepared is 

shown in the formulation given in Table I. 

Table I. Formulation of NFPC compounds prepared 
Sample Kenaf : 

PAL (wt 

% ratio) 

 

Kenaf : SP 

fiber size 

ratio (mm) 

PP 

(wt %) 

MAPP 

(wt %) 

MMT 

(wt %) 

PP - - 100 - - 

KP01 25 : 25 

(at 

.595:0.595 

mm fiber 

size ratio) 

- 44 4 2 

KS01 - 0.595 : 0.595 

(at 25:25 wt % 

ratio) 

C44 4 2 

KP02 30 : 20 

(at 

.595:0.595 

mm fiber 

size ratio) 

- 44 4 2 

KS02 - 0.595 : 0.250 

(at 25:25 wt % 

ratio) 

44 4 2 

D.     Preparation of Test Pieces 

        Compounded materials were injection molded into 

dumbbell (74mm × 20 mm), and bar (70 mm ×20 mm) shaped 

test pieces employing a micro injection molding machine, 

Thermo HAAKE MiniJet. The injection pressure was set at 

300 bar, cylinder temperature in the range of 120 -170℃ and 

mould temperature at 100 ℃. 

E.    Mechanical Testing  

       Tensile test follows ASTM D638 using Instron 

Testomeric Tensile Tester machine equipped with a 5kN load 

cell at cross head speed of 50 mm / min. The specimens were 

of dumb bell shape (74 × 20) mm. Flexural test were also 

conducted on the same machine following ASTM D790. 

Specimens of (70×20) mm dimension were loaded in a 

three-point bending test with the recommended span-to-depth 

ratio of 16:1 using a load of 10 kN at 3 mm / min rate of 

loading. Izod impact test was carried out using Digital Izod 

Impact Testing Machine (model RS-8215A) following the 

standard ASTM D256 at 4 Joules of pendulum impact energy 

and 3.5 m/s hammer speed. Specimens of similar dimensions 

to flexural test were used. 

F. Thermogravimmetric Analysis 

Thermal stability of fibers and composites were determined 

using Netzsch TG209 F3Tarsus TGA machine. Samples were 

crimped and placed in the sample holder and heated at a 

heating rate of 30
0
C/min from (30 – 600)

0
C under N2 

environment. 

III. RESULTS AND DISCUSSION 

A. Thermogravimmetric Analysis (TGA) 

The degradation temperatures reported were measured from 

the peaks observed in the DTG curves. The peaks represent 

the highest rate of degradation. Fig.1 shows DTG curves of 

the 3 fibers used in this study. Table II summarized the data 

obtained from the each curves. 

 
               Fig. 1. DTG curves of kenaf, SP and PAL fibers 

 

Table II. Degradation temperatures of fibers used in the 

preparation of NFPC 

Fiber Degradation temperatures/Tdeg (
o
C) 

T1 T2 T3 T4 T5 

Kenaf 60 - 280 350 - 

PAL 60 150-200 260 300 450-600 

SP 60 - 280 350 - 

All fibers show at least 3 degradation temperatures in the 

regions: a) below 100
o
C (T1), b) (150- 200)

o
C (T2),  c) (260 - 

280)
o
C (T3), (300 - 350)

o
C (T4) and d) (450 – 600)

o
C (T5). 

These degradation peaks correspond to degradation of the 

components present in the fibers. PAL consists of 2 extra 

degradation temperatures as shown by peaks at T2 and T5. 

 It is known that NF are hydrophilic in nature consisting of 

components such as hemicellulose, cellulose and lignin [10]. 

In terms of heat stability the following order was followed: 

lignin > cellulose > hemicellulose [11]. Cellulose which has 

lower heat stability than lignin degraded in the temperature 

range (300 – 350)
o
C(T4) as shown by all 3 fibers. Both SP 

and kenaf consist of cellulose with almost similar degradation 

temperature at 350 
o
C. Cellulose of PAL degraded at lower 

temperature which is 300 
o
C. PAL fiber showed a broad 

degradation peak at (450-600)
o
C (T5) which corresponds to 

the degradation of lignin higher structures. Hemicellulose 

component of the three fibers degrade at temperatures 260
0
C 

(PAL) and 280
o
C (kenaf and SP) and are denoted as T3 in 

Fig.1. Lower structures of lignin in PAL decomposed at lower 

temperatures in the region 

(150-200)
o
C (T2).  
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Lignin is a complex three-dimensional aromatic molecule 

composed of phenyl groups [12] decomposes slower, over a 

broader temperature range (200-500 °C) than cellulose and 

the hemicellulose components of biomass [13]. Both SP and 

kenaf do not contain a measurable amount of hemicellulose 

and lignin as no peaks of this components are detected in the 

DTG curves of the fibers. 

 Due to the polarity of NF, bonded water was retained in its 

structure which dissociates below 100
o
C when heated. TG 

curves (Fig.2) of these fibers show that all fibers PAL, SP and 

kenaf retained about 10% of bonded water within the cell wall 

of their structure.  

 
Fig.2. TG curves of kenaf, PAL and SP fibers 

 Fig. 3 shows the TG curves of KS01 and KP01. It can be 

seen that the water content of the composites were less than 

5% which is important in producing composites of good 

properties.  

 
Fig.3. TG curves of KS01 and KP01 composites 

Cellulose component of the fibers were still present in both 

composites as indicated by the presence of peaks at 339
o
C and 

350
o
C of KS01 and KP01 respectively in Fig. 4. However 

peaks of lignin in PAL was not visible in the KP01 curves. 

This could be due to the fact that lignin composition in PAL is 

not significantly high to be detected in the composite. Peaks at 

~470
o
C represented the degradation temperature of PP. 

        
Fig. 4. DTG curves of KS01 and KP01 composites 

B. Mechanical Strength 

  Table III summarized the tensile, flexural and impact 

strengths of PP and NFPC composites. 

 

Table III: Mechanical strength of PP and NFPC 

composites 

Samples Tensile 

Strength / 

MPa 

Flexural 

Strength / 

MPa 

Impact 

Strength / 

kJm
-1

 

PP 24 30 19 

KP01 40 19 26 

KS01  41 17 28 

KP02 44 29 22 

KS02  44 30 29 

   A clearer relationship are shown by the bar chart 

presentation of tensile, flexural and impact strength 

respectively of PP and the various composites as in Fig.5a, 5b 

and 5c. 

    It can be seen that tensile strength of all the composites are 

higher by at least 80% compared to blank PP (Fig.5a). MAPP 

as compatibilizer and MMT as fillers cumulatively contribute 

to the increased in tensile strength of the composites. The 

flexural strength however do not follow the same trend.  

    It can be seen from fig. 5b that NFPC composites KP01 and 

KS01 show lower flexural strength than KP02 and KS02 and 

the flexural strength of KP02 and KS02 are comparable to PP 

blank. KP02 incorporated higher amount of kenaf compared 

to KP01 and show higher flexural strength. KS02 which have 

smaller sized SP fibers in the mix also show higher flexural 

strength than KS01 which utilize similar sized kenaf and SP 

fibers. It can be concluded that higher kenaf loading in KP02 

composites and smaller sized SP fibers as compared to kenaf 

fibers in KS02 contribute to the increase in flexural strength 

of the NFPCs. Flexural strength is a measure of the ability of 

materials to withstand bending force that is applied 

perpendicular to its longitudinal axis [14]. Kenaf fiber with 

higher loading of kenaf in KP02 has higher amount of 

crystalline cellulose which contribute to higher tensile 

strength. However when the concentration of kenaf is lower as 

in KP01, the amount of crystalline cellulose is lower thus 

causing it to be more brittle. As a result the flexural strength is 

reduced.  
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Fig. 5. Bar chart of (a) tensile strength, (b) flexural 

strength and (c) impact strength of PP and the various 

composites. 

    Incorporation of fiber increased the impact strength of 

NFPC composites compared to blank PP by ~38%. However, 

the impact strength of KP02 increased minimally compared to 

PP blank which could be due to the reduction in the amount of 

PAL fiber. Impact strength of KP02 is also less than KP01; 

KP02 which has different ratio of K: PAL fibers has lower 

loadings of PAL compared to KP01. Lignin which is a 

complex three-dimensional aromatic molecule is composed 

of phenyl groups [12]. Previous research shows the 

importance of lignin in improving impact strength of NF 

composites [15].  Lower loadings of PAL in KP02 compared 

to KP01 caused a reduction of lignin composition in KP02 

which result in lower impact strength of KP02 compared to 

KP01. Furthermore, the difference in impact strength of these 

two composites could also be due to the difference in stiffness 

and strength of the two material which contribute to different 

energy absorption behavior [16]. Similarly KS02 shows 

higher impact strength compared to KS01. Shorter fibers of 

sugar palm in KS02 have the capability to fill up voids formed 

in between fibers to increase the fiber volume fraction and 

consequently its rigidity and stability. 

 

IV. SUPERIORITY OF KENAF FIBER 

All four composites incorporate kenaf as one of the mix fiber. 

Kenaf fiber is already known to improve tensile strength of PP 

composites due to its high cellulose content [17]. All four 

composites show higher tensile and flexural strength 

compared to PP blank except for the flexural strength of KP01 

and KS01. Cellulose in kenaf and SP fibers degrade at higher 

temperatures 350 
o
C compared to PAL fibers (300 

o
C). This 

could be due to different crystalline structures that exist in 

these fibers [12]. Cellulose content of natural fibers differ in 

crystallinity, allomorph type and degree of crystallinity [18]. 

Because of the difference in crystalline structure and thermal 

stability of kenaf cellulose compared to PAL fiber, an 

increase in the loading of kenaf in KP02 contribute to the 

increase in the tensile and flexural strength of KP02 compared 

to KP01.  SP which probably has similar crystalline structures 

to kenaf fibers as shown by the degradation temperatures of 

the cellulose component of these fibers show comparable 

tensile strength to kenaf as shown by KS01 and KS02. 

However, both higher loading of kenaf and mixed fiber size of 

kenaf and SP fibers contribute to the increase in flexural 

strength of the composites.  

V.  CONCLUSION 

Kenaf and sugar palm fibers have comparable properties in 

terms of their composition and thermal stability. Pineapple 

leaf fibers have promising properties from the presence of 

lignin component. Mixing these fibers in eco-friendly NFPC 

provide opportunities for sustaining plastics composite 

industries as well as paving new ideas for development of 

biodegradable products. 
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