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Abstract 

The effect of trimethylolpropane triacrylate (TMPTA) as a coupling agent, on 

the mechanical and morphological properties of the PP-cellulose (derived from 

oil palm empty fruit bunch fiber) and PP-oil palm empty fruit bunch fiber 

(EFBF) biocomposites has been studied. The ratio of PP:cellulose and PP:EFBF 

is fixed to 70:30 (wt/wt%) while the concentration of the coupling agent is 

varied from 2.0 to 7.0 wt%. Results reveal that at 2.0 wt% of TMPTA 

concentration, tensile strength, flexural modulus, impact strength and Rockwell 

hardness of PP-cellulose biocomposite are significantly improved. The 
enhancement of mechanical properties in the presence of TMPTA is believed to 

be attributed to crosslinking of multifunctional monomer with the hydroxyl 

groups of cellulose resulting in better adhesion and superior PP-cellulose 

biocomposite properties. However, there are no significant changes observed in 

the PP-EFBF biocomposite properties upon the addition of TMPTA. 
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1. Introduction 

In the past decade an enormous interest in the development of new composite 

materials with natural fibers has been shown by important industries such as the 

automotive, construction and packaging industry. Composite materials are created 

by combining two or more components to achieve desired properties which could 

not be obtained with the separate components.  
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Agro-based composites using thermoplastics as a continuous phase can result 

in better water resistance and dimensional stability compared to composites with 

low polymer content. Agro and wood-based composites with a continuous 

thermoplastic phase also give the opportunity to process the composite using 

conventional thermoplastic processing equipment [1]. These composites can be 

used to replace impregnated wood in many outdoor applications but can also be 

used as replacement for neat plastics. There are environmental and economical 

reasons for replacing part of the plastics with wood but the wood could also work 

as reinforcement of the plastics.  

The elastic modulus of wood fibers is approximately 40 times higher than that 

of polyethylene and the strength about 20 times higher [2]. Compared to inorganic 

fibers, natural fibers present some advantages such as lower density and lower 

price, they are less abrasive to the processing equipment, harmless, biodegrad-

able, renewable, and their mechanical properties can be comparable to those of 

inorganic fibers [3, 4]. All these properties have made natural fibers very 

attractive for industries like the automotive industry, that search a product with 

mechanical properties comparable with glass fibre reinforced thermoplastics, but 

lighter and harmless to workers.  

Many studies have been developed based on composites containing 

lignocellulosic fibers from the forest and paper industry such as cellulose, wood fibre 

and wood dust. Others studies have been based on agricultural fibers such as kenaf, 

sisal, hemp, coir, rice husk, etc. [5-7]. In spite of all the advantages mentioned above, 

there are also some drawbacks in using wood fillers as reinforcement in 

thermoplastics. The main drawbacks are the difficulties of achieving good dispersion 

and strong interfacial adhesion between the hydrophilic wood and the hydrophobic 

polymers which leads to composites with rather poor durability and mechanical 

properties [8, 9]. Many different modifications of thermoplastic wood composites 

have been tested and the basic role of these modifications is to reduce wood–wood 

interactions and increase wood–polymer interactions.  

Numerous studies have used graft copolymers of synthetic polymers (e.g., PP 

and PE), and maleic anhydride (MA) as coupling agents for thermoplastic wood 

composites [9-11]. The coupling agent (MA-PP or MA-PE) can modify the 

interface by interacting with both the filler and the matrix, thus forming a link 

between the components [12]. Kokta et al [8] and Raj et al [13] studied the use of 

polymethylene-polyphenyl-isocyanate (PMPPIC) as a coupling agent in 

thermoplastic wood composites. The addition of PMPPIC to the composites 

improved the mechanical properties compared to unmodified composites. Kokta 

et al [8] and Raj et al [13] also studied the use of silanes as coupling agents with 

different combination of solvent and additives in thermoplastic wood composites.  

In the study of Oksman and Clemons [14] different modifiers (compatibilizers 

and impact modifiers) were investigated. Most promising was maleated styrene–

ethylene–butadiene-styrene (MASEBS), which was found to act, not only as 

compatibilizer but also as impact modifier. Another way of modifying 

thermoplastic wood composites is crosslinking. Janigova et al [15] showed 

improved adhesion in peroxide crosslinked composites of wood flour filled low 

density polyethylene (LDPE) compared to non-crosslinked ones. The improved 

adhesion was explained as a result of covalent bonding between the wood and the 

LDPE matrix. The bonding was believed to be created as a result of recombina-
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tion of radicals formed at the filler surface (after attack of peroxide oxy radicals) 

and polyethylene macroradicals. SEM-pictures showed a clear sign of de-wetting 

on the filler surface for non-crosslinked composites while patterns of fracture 

through the filler were visible for crosslinked composites.  

Sapieha et al [16] proposed the same mechanism responsible for improved 

adhesion in crosslinked composites of low density polyethylene (LLDPE) and 

bleached hardwood pulp. Sain and Kokta [17] studied composites of 

polypropylene (PP) and thermosetting resin (epoxy and phenolic)–coated 

cellulosic fibers. Maleic anhydride graft-PP was used as compatibilizing agent. 

Trimethylolpropane triacrylate (TMPTA) which is a typical multifunctional low 

viscosity, low volatility liquid monomer, offers a fast cure response and low 

volatility during free-radical polymerization. It also favors the property of 

resistance against weather, chemical, water and abrasion. Choi et al [18] used 

mixture of styrene and TMPTA as binder for rise husk-plastic composite. They 

reported a decrease in the water absorption and increase in the flexural strength of 

the composite.  

TMPTA have been extensively used as an initiator for crosslinking in many of 

the polymer applications and reported by many researchers [19-21]. Such 

compatibilized thermoplastic–thermoset composites were found to have tensile 

strength higher than that of unfilled PP and tensile toughness about as good as that 

of PP. In this study, the possibility of using TPMTA in crosslinking composites of 

Polypropylene-EFBF and Polypropylene-cellulose has been investigated.  

 

2. Materials 

Homopolymer polypropylene (PP) grade 600G (Melt index 11 g/10 min, density 

900 kg/m3) was supplied by Petronas Polymers Marketing & Trading Division 

Malaysia, whereas TPMTA was purchased from UCB Asia Pacific, Malaysia. 

Empty fruit bunch fiber (EFBF) was purchased from Malaysian Palm Oil Board 

(MPOB). The cellulose was extracted from EFBF at lab scale by chlorination 

method (ASTM D1104).  

 

3. Method 

3.1. Preparation of raw materials  

The EFBF were first washed thoroughly with 2.0% detergent water to remove the 

adhered oil and contaminants, and dried in an air oven at 100ºC for 24 h. The 

dried fibers were designated as untreated fibers and a part of this untreated fiber 

was taken for cellulose preparation. Prior to mixing, cellulose and EFB fibers 

were dried for 12 h in a hot air oven at 105°C in order to remove the moisture 

content. The dried EFBF and cellulose were cut using Retsch Muhle cutter and 

were passed through 25µ sieves to obtain uniform size of the filler. 

 

3.2. Formulation 

The PP-cellulose and PP-EFBF biocomposites were prepared by blending PP 

pellets with cellulose and EFBF in a fixed ratio of 70:30 (wt/wt). The concentra-
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tion of compatibilizer was varied from 2.0 to 7.0 wt%. The biocomposites without 

the compatibilizers were used as control. 

 

3.3. Compounding technique  

The compounding of polypropylene, TMPTA, cellulose and EFBF was carried 

out by using a Brabender Plasticorder  (PL2000-6, Germany) having a mixing 

cam attached  at 180°C for  20 min. Roller speed used was 50 rpm. The 

compositions of biocomposites are given in Table 1. The blended melt were then 

cut into small pieces for compression molding.  

 

Table 1. Composition of PP-Cellulose and PP-EFBF                     

Biocomposite with Coupling Agent. 

Composite 
PP 

(wt %) 

Cellulose 

(wt %) 

EFBF 

(wt %) 

0 70 30 30 

2 70 30 30 

3 70 30 30 

5 70 30 30 

7 70 30 30 

 

3.4. Compression molding 

The cut pieces of the biocomposite melt were placed between a two-piece 

copper molding set and was hot pressed with hydraulic press at 190°C for 5.0 

min of preheating under a pressure of 4.0 MPa followed by 3.0 min of complete 

pressing at a pressure of 14.7 MPa. This is followed by immediate cooling at 

25°C for 3.0 min under pressure equipped with chiller facilities. Molded sheets 

of 1.0, 2.0 and 3.0 mm thickness were prepared for tensile, flexural, and impact 

testing, respectively.  

 

3.5. Mechanical testing 

Four important mechanical properties, tensile strength (Ts), flexural modulus 

(Fm), impact strength (Is) and Rockwell hardness (Rh) were tested. All test 

specimen dimensions were according to the respective ASTM standards. All tests 

were performed at room temperature. Seven specimens of each type were tested 

and five replicate values were taken as an average of tested specimens. 

 

3.6. Tensile test 

The tensile testing specimens were cut into dumbbell shape and the tests were 

conducted according to ASTM 1822L using INSTRON (Model 4301) Universal 

Testing Machine with load cell of 1.0 kN, using a crosshead speed of 50 mm/min. 
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The cross-head speed during the tension was 50 mm/min with load cell of 1.0 kN, 

and each test was performed until tensile failure occurred.  

 

3.7. Flexural modulus 

The flexural samples were cut into rectangular specimens and the testing was 

done according to ASTM D790-97 standard, using an INSTRON (Model 4301) 

universal testing machine. Three point bend method was implied for the test, 

cross-head speed during the bending was 1.3 mm/min with load cell of 1.0 kN, 

and each test was performed until failure occurred. 

 

3.8. Impact strength 

The impact tests were conducted according to ASTM D256 standard. The Izod 

method was carried out using notched samples by Impact Pendulum Tester 

(Model Ceast CE UM-636), using a 4 Joule hammer. Rectangular bar shaped 

specimens are tested for each composition with a thickness of 3 mm and their 

average values were calculated.  

 

3.9. Rockwell hardness 

The Rockwell hardness tester (Model HA-101) was used for measuring the 

relative hardness of soft materials. The test was done according to ASTM 

standard D785. Rockwell hardness was measured using a 12.7 mm ball and        

60 kgf (588.4 N) of indent force (Rockwell scale L). Specimens were conditioned 

at 25°C ±50 % relative humidity (RH) prior to hardness testing.  

 

4. Results and Discussion 

4.1. Tensile testing 

The most important factor for good fiber reinforcement in the composite is the 

strength of adhesion between the matrix polymer and the fiber. Due to the 

presence of hydroxyl and other polar groups in the fiber, the moisture absorption 

is high, which leads to weak interfacial adhesion between the fibers and the 

hydrophobic matrix, which makes debonding. In order to enhance the mechanical 

properties of the composites, the hydrophilic nature of the fibers has to be 

minimized by suitable chemical modifications. This would not only decrease the 

moisture absorption of the fibers but also would significantly increase the 

wettability of the fibers with the polymer matrix and the interfacial bond strength.  

Figure 1 shows the effect of TMPTA on the tensile strength of PP-

biocomposites. It is apparent from Fig. 1 that TMPTA has more prominent effect 

on the tensile strength of PP-cellulose biocomposites at 2.0 wt%. This significant 

increase in the tensile strength of PP-cellulose compared to control PP-cellulose 

biocomposite is believed to be due to crosslinking at the surface of cellulosic sites 

between the active hydroxyl groups and the multifunctional TMPTA 

compatibilizer. More interesting is the significant increase in tensile strength with 

the TMPTA content. Without interfacial adhesion, between the fiber and the 
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matrix, the tensile strength would decrease with increasing in the filler content, as 

reported by many researchers [3, 15].  

However, when crosslinking by TMPTA the polymer is in its solid state, and 

the crosslinks are located mainly in the amorphous regions and the crystalline 

structure is maintained [22]. Crosslinking of the amorphous regions of the 

polymer leads to a stronger material. In contrast, marginal increase is observed in 

PP-EFBF biocomposite. This demonstrates that the cross linking is hindered by 

the lignin, hemicellulose, waxes and other impurities present in the EFBF. Further 

increase in the concentration of TMPTA leads to plasticizing effect which 

gradually decreases the tensile strength of both biocomposites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2. Flexural modulus 

Figure 2 shows the effect of TMPTA on the flexural modulus of PP-EFBF and PP 

cellulose biocomposites. It is clear from Fig. 2 that 2 wt % TMPTA is sufficient 

to improve the flexural properties of PP-cellulose biocomposite. Further addition 

of TMPTA cause decrease in the flexural modulus as observed to the tensile 

strength results. No significant changes were observed in the case of PP-EFBF 

biocomposite, suggesting that the interaction between TMPTA and lignin is of 

poor quality and this may cause poor wettability of the EFBF by PP hence, 

reduced stiffness. Moreover, the modulus is more or less independent of the 

presence of compatibilizers.  

Flexural modulus is mainly dependant on the initial strain of the compound and is 

measured as the slope of the stress–strain curve at the initial stage and is 

practically not much influenced by the interfacial strength between the fiber and 

the matrix and the orientation of the filler Maldas et al [23]. 

 

Fig. 1. Effect of TMPTA on Tensile Strength of PP-Biocomposites  

at 30 wt % Filler Loading. 
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Fig. 2. Effect of TMPTA on Flexural Modulus of PP-Biocomposites  

at 30 wt % Filler Loading. 

 

4.3. Impact strength 

Figure 3 shows the effect of TMPTA on the impact strength of the notched PP-

cellulose and PP-EFBF biocomposite where notch determines the crack initiated, 

as it is the predominant stress concentrated region and the impact strength reflects 

the energy required for the propagation of the existing crack. Notched impact 

strength of the PP-cellulose and PP-EFBF biocomposite show an increase in 

impact strength at 2.0 wt% TMPTA content. The enhancement in impact strength 

of both the biocomposites with the incorporation of TMPTA can be attributed to 

the more homogeneous dispersion of the fiber and, also due to the increased chain 

mobility of the polymer, which has improved the ability of the biocomposites to 

absorb the energy during fracture propagation. This leads to more uniform 

distribution of the applied stress which requires more energy for the fiber 

debonding and subsequent fiber pull out.  

Further increase in the compatibilizer content tends to decrease or level the 

impact strength of the biocomposite. Moreover, too much interaction between the 

fiber and the matrix, as well as very poor interaction between them, leads to poor 

impact strength, as the earlier one leads to catastrophic brittle failure and the latter 

leads to easy fiber pull out [24]. This can be seen in the both cases where, the 

strong adhesion between fibers and PP matrix cannot stop the crack growth 

propagating through the matrix, and the crack can easily penetrate into fibers 

leading to catastrophic brittle failure. Therefore, an optimum interaction between 

the fiber and the matrix is essential to have good impact strength. 

 

4.4. Rockwell hardness 

Figure 4 presents the Rockwell hardness of the biocomposites. It is apparent from 

the figure that the hardness value of PP-cellulose biocomposites increases with 

increase in the TMPTA concentration, confirming the crosslinkage between PP 

and cellulose fibers. It was seen that the composites containing coupling agents 

with higher molecular weight will give higher hardness values [25]. However, no 

significant changes were observed in PP-EFBF biocomposite showing the poor 

compatibility of fiber with the TMPTA and PP matrix. 
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Fig. 3. Effect of TMPTA on Impact Strength of PP-Biocomposites  

at 30 wt % Filler Loading. 

 

 

Fig. 4. Effect of TMPTA on Rockwell Hardness of PP-Biocomposites  

at 30 wt % Filler Loading. 

 

5. Conclusion 

TMPTA showed significant influence on the mechanical properties of the PP-

cellulose biocomposite at only 2.0 wt% loading. In general, results revealed that 

the toughness of the both biocomposite is significantly improved by the addition 

of TMPTA. However, PP-cellulose biocomposite remains the better choice than 

PP-EFBF biocomposite as the tensile strength, flexural modulus, impact strength 

and Rockwell hardness showed better properties with the addition of 2 wt% 

TMPTA. Finally it can be postulated that the content of compatibilizer in the 

biocomposite depends on the application area and the economic aspects. 
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