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Abstract 

 In this study, the alkali-treated and untreated hybrid fibres incorporated with bio phenolic 

matrix to enhance the chemical interactions, mechanical and thermal properties have been 

investigated. The oil palm fibre (OPF) and pineapple fibre (PALF) were utilised as 

reinforcements into bio phenolic resin. The improvements in chemical interactions were 

monitored by the Fourier transform infrared spectrometer (FTIR). The modifications of the 



 
 

surface for hybrid natural fibres (OPF/ PALF) were enhanced in comparison to pure fibre 

composites. The composites' dynamic mechanical behaviour such as storage modulus, loss 

modulus, and damping properties were also investigated by dynamic mechanical analysis 

(DMA). Thermogravimetric analysis (TGA) analysed the performance of untreated (OPF and 

PALF) and treated (OPF/OPF) composites at elevated temperature and observed adequate 

interfacial bonding as a result of the improvements in thermal stability. The results presented 

that alkali  )NaOH( incorporation in hybrid composites (OPF/PALF) results in increased the 

tensile strength and modulus among all composites. 

Furthermore, the tensile strength and modulus improved to the maximum value for treated 

50%PALF composite compared to other composites. The hybridisation of treated alkali 

(5%NaOH/50%PALF) fibre shows best performance on tensile strength and modulus with 33.3 

MPa and 7535.2 MPa, respectively compared to other composites. The alkali-treated hybrid 

composites (NaOH/1OPF.1PALF) exhibited the greatest flexural strength (99.8 MPa) and 

modulus (8813.1 MPa). The enhancement of the interfacial adhesion between pure and hybrid 

fibre composites and bio phenolic matrix through the mercerisation of OPF and PALF fibers 

reinforced composite played an essential role in improving the mechanical properties of 

composites via alkali treatment with NaOH solution. Natural fibre reinforced composites are 

commercially attractive for high-volume applications; whilst their properties can be improved 

by adding alkali solution as stabilisers. It can be recommended from the findings of this study 

that the alkali treatment (5%NaOH) can be used to enhance the efficiency of agriculture waste 

biomass. Additionally, the hybridisation of bio-fibre composites have potential to develop 

novel type of biodegradable and sustainable composites suitable for various industrial and 

engineering applications.  
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1   INTRODUCTION  

Composites are accepted in the new industrial applications due to their attractive attributes such 

as high strength and stiffness, corrosion and chemical resistance, environmentally sustainable 

nature, and the development of enhanced fabrication processes [1,2]. Natural fibres are 

favourable reinforcing materials for polymer composites utilised that improve their strength 



 
 

and the ability of load-bearing [3]. Moreover, these reinforcing fibres are obtained from 

sustainable resources. Furthermore, they make biodegradable abilities to polymer composites, 

giving them a significant benefit over synthetic fibre reinforced composites from an 

environmental and sustainability point of view. Moreover, the presence of their ease 

availability and cost-effective, natural fibres also show desirable features, such as low density, 

good insulation, adequate specific strength and stiffness, consumption with low energy through 

processing [3,4]. Therefore, natural fibres have been utilised as an alternative to synthetic fibres 

in bio phenolic resin composites. In addition, natural fibres are represented sustainable 

materials in the manufacturing sector, as a result of its enormous properties such as cheap cost 

for processing; lower density provides fewer mass, thermally stability, effective acoustic 

characterisations, and complete thermal barrier compared to synthetic fibres [5,6]. Because of 

this, natural fibers and their hybrid composites have appeared as a new material appealing 

further benefit from both scientists and industries as a result of their promising functionality 

and fully bio-based characteristics. Palm and pineapple fibres are both usually utilised 

strengthened natural fibers with several well-known applications [7,8]. Despite several 

attractive benefits, the natural fibres also have some drawbacks mainly being poor 

compatibility between hydrophilic natural fibres and hydrophobic polymer matrices. To exploit 

the full potential of natural fibres as reinforcements in polymeric composites, the issues of poor 

bonding between fibres and matrices need to be addressed.   

Researchers reported remarkable work on pre-treated alkaline along with 5% potassium 

permanganates (KMnO4) treated sugarcane bagasse fibres (TSBF) strengthened with bio 

phenolic composite, which also displays improvement in thermal and mechanical 

characterisations [9]. Furthermore, the existence of (10% NaOH-TSBF) improves the impact 

strength of hybrid composite [10].  

The previous finding utilised different concentrations of alkali treatment such as 3 wt.%, 6 

wt.%, and 9 wt.% in bio phenolic composites, they found that the incorporating of  6 wt.% of 

NaOH in polymer matrix achieved the best effective concentration for cleaning the fibre 

surface, following good tensile characterisations [11]. The previous research finding was 

performed by Mutasher et al. [12] which showed that alkali treatment improved the bonding 

between the bio phenolic resin matrix and fibre composites. Moreover, rises of up to 10% for 

tensile modulus, 5% for tensile strength and 6% for flexural strength were noticed for the bio 

phenolic composite strengthened with treated kenaf fibre [12]. This result is encouraged by the 

work of Fiore et al. This group observed that reinforcement with treated kenaf increased the 



 
 

mechanical characterisations of composites due to good adhesion of the treated kenaf [13]. The 

modifications of fibre surface with the polymer matrix can enhance the compatibility of 

hydrophilic cellulose fibre and hydrophobic polymer [14].  

The most common treatment is alkali solution, which was utilised to reduce the incompatibility 

of the two phases in the composite. In addition, it was used for natural fibers to decrease their 

hydrophilic nature and enhance the adhesion between the polymeric matrix and the fibre [13], 

The treatment of alkali (NaOH), as proposed in Equation 1, is also identified as mercerisation 

and can eliminate the lignin, hemicellulose, and oils that cover the surface of the fibre and 

decrease the diameter of the fibre [15].   
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Moreover, this alkali treatment creates surface roughness changes, thus producing an increase 

in the quantity of cellulose exposed on the fibre surface, forming well interfacial adhesion 

between the polymeric matrix and fibre in increasing the bonds number between the polymer 

and the surface of fibre [15]. The chemical treatments of fibre composites present efficient 

resources to eliminate the materials such as lignin in the natural fibres; therefore, they can 

provide better bonding in natural fibre composites [16,17]. Different chemicals such as sodium 

hydroxide (NaOH), silane, peroxides and anhydrides were used as potential treatments to 

improve the chemical, physical and biological properties of natural fibre-polymer composites 

[18,19]. Several research findings have been applied chemical treatments (alkali and silane). 

and some used calcium hydroxide as alternative treatments [20-22]. Asim et al. [23] 

investigated the improvements PALF fibre composites treated with alkali solution (3% and 

6%) and silane with 2% and a mixture from concentrations for (NaOH; 6%+Silane; 2%) 

blended for 3 h and observed that treatment of silane strengthened the other treatments.  They 

reported that the treatments of alkali and saline having the efficiency in the removal of 

impurities from the fibre surfaces, which was approved by the surface observations SEM and 

chemical interpretations (FTIR). 

 Alavudeen et al. [24] studied the impact of woven KF composites treated with alkali solution 

at different concentrations (5%, 10% and 15%) at room temperature, and the time of treated 

mixing was continued for 2 h, 4 h, 6 h and 8 h. They concluded in their study that the 

concentration of treatment (10% NaOH) for 8 h provided the greatest influence on the 



 
 

mechanical characterisations of KF composites. Some authors suggested in their previous 

works that the low alkali treatment concentrations improved the efficiency of the surface 

characterisations for lignocellulosic fibres. They found that the treatment for alkali within the 

concentrations (2-10%) at treated times between 10 to 15 minutes were contributed to reducing 

the absorption of the moisture and hence increased the mechanical properties [25-27].  

Zegaoui et al. [28] studied the impact of chemical treatments by adding various volume 

fractions of alkali treated hemp fibers on the morphological, mechanical behaviour and water 

uptake properties of CE/BOZ resin composites. They noticed from FTIR analysis that the 

NHFs were successfully treated with the alkali treatment and SEM confirmed the change in 

their external surfaces. A similar work was done by Zegaoui et al. [29] to investigate the 

improvements for cyanate ester (CE)/ benzoxazine resins (BOZ) composite containing various 

proportions of treated natural hemp fibres (TNHFs), which was prepared and systematically 

investigated under mechanical and thermal tests. They observed that the TNHFs achieved 

strong dispersion and excellent adhesion with the resin matrix, which were confirmed by the 

highest thermal stability, mechanical characterisations, SEM micrographs.  

 

Wang et al. [30] were found that the content of lignin in alkali-treated rice husk decreased from 

14.71% from 27% at a soaking temperature of 40℃ and reduced to 6.5% at 80℃ for a similar 

soaking time (24 h). 

This paper emphasises verifying the impact of alkali (NaOH) treatment on chemical, thermal 

and mechanical characterisations of OPF and PALF fibres reinforced bio phenolic hybrid 

composites. Furthermore, the optimisation of treatment is impacted by two categories of natural 

fibres with bio phenolic matrix noticed possibly produces innovation in construction 

applications for wall thermal insulation panels in terms of sustainability. The current research 

finding carried out investigating the chemical changes, dynamic-mechanical properties, and 

flexural and tensile characterization of treated OPF/PALF reinforced bio-phenolic hybrid 

composites. However, this work (5 wt.% NaOH) was chosen as a chemical treatment for two 

kinds of fibers as pure and hybrid fibre composites for  novel applications. This study proved 

that the chemical treatment enhanced the hybrid fibre composites efficiency to be the optimum 

selections for construction and industrial applications instead of fibre composites.  

 

 



 
 

2. EXPERIMENTAL SECTION  

2.1.Materials 

Biophenolic based resin (Grade: PH-4055) was obtained from Chemovate Girinagar, 

Bangalore (India). Pineapple leaf fibres (Ananas comosus) were secured from Tamil Nadu, 

India, with a typical density of 1.07 g/cm3. In contrast, Oil palm fibre (OPF), which was utilised 

in this work, was provided by the Malaysian Palm Oil Board (MPOB), Malaysian. All utilised 

fibres were received without surface treatment. The chemical contents, physical, and 

mechanical characterisations of PALF and OPF were described in previous works in detail [5, 

31-34].  

 

2.2.The treatment of fibre composites  

 

OPF and PALF were immersed into distilled water with an alkaline solution (NaOH) having 

a fixed ratio of (5% wt.) for 3 h. Following, the fibres were cleaned entirely with successive 

water at respective periods until pH values were neutralised. Next, the fibres were dried up to 

80 °C for 48 h, utilising a vacuum oven. The choice of chemical concentration and time of 

soaking for treatment of fibre was adapted according to a method prescribed by previous work 

[35].  

 

2.3.Fibre composites preparation 

Treated and untreated OPF and PALF fibres are utilised as reinforcing materials in the 

fabrication of bio phenolic resin matrix composites. First, treated and untreated OPF and PALF 

fibres were ground into 0.8–1 mm, utilising a grinding machine; fibres were continued at the 

storage moisture content (6%–8%). Then, OPF and PALF composites were fabricated utilising 

a stainless steel plate within 15 × 15 × 3 mm. The plate was positioned into a hot hydraulic 

pressure at a temperature of 160 ℃. The samples were removed from the stainless steel mould 

plate by pressing for about 8 min, then stored for cooling at room temperature, and after that, 

specimens were cut for analysis. Figure 1 shows a proposed scheme for matrix and fibre 

interfaces.  

 

FIGURE 1. A proposed scheme showing the interface between the matrix and fibre 

 

 



 
 

3. CHARACTERISATIONS  

3.1.FTIR analysis 
 

The changes in functional and chemical groups of OPF and PALF reinforcing fibres were 

evaluated utilising Fourier transform infrared spectroscopy (FTIR) (Thermo scientific Nicolet 

6700 Instrument with Attenuated Total Reflectance (ATR)) technique. A wavelength range  of 

FTIR spectrum was 4000 cm−1 to 400 cm−1.  

 

3.2.Thermogravimetric (TGA) analysis  

The thermal stability of single natural fibre (OPF and PALF) composites and hybrid 

OPF/PALF composites was evaluated by thermogravimetric analysis utilising TGA analyser 

type (TGA Q500 TA Instrument, The United States). The experiments were performed at a 

heating rate of 20℃/min with the temperature range from 30℃ to 600℃ under a nitrogen 

atmosphere. 

 

3.3.Thermo-mechanical characterisation  

As a temperature function, Dynamic Mechanical Analysis (DMA) tests were performed based 

on the standard (ASTM-D 4065-01). The rectangular specimens with dimensions of length, 

width, and thickness (60 × 12.5 × 3 mm3) were used to evaluate the viscoelastic behaviour of 

pure fibres (PALF and OPF) and hybrid (PALF/OPF)-bio-phenolic composites. The DMA 

were carried out on a Q800 DMA (TA instruments) , in the three-point bending mode, and the 

temperature was ranged from 30℃ to 150℃ with a heating rate of 5℃/min.  

 

 

3.4.Tensile test 

 

The dimensions of the tensile test specimens measured was 120 long and 20 mm wide with 3 

mm thickness.  Tensile strength and modulus were calculated from the stress-strain curves. 

Five specimens were tested from each type of composite and average values are reported. The 

tensile tests were conducted accordance with ASTM D3039 by using Universal Testing 

Machine (UTM) model (a 5 kN Blue hill- INSTRON) at a cross-head speed of 2 mm/min. All 

specimens were positioned for preparation at a temperature of 22 °C while the relative humidity 

was 50%.  



 
 

3.5.Flexural test 

The flexural samples with dimensions of length, width and thickness (280 mm x 52 mm x10 

mm3) were formed and tested in accordance with the standard of ASTM D790, utilising a 30 

kN Bluehill Instron 5567 universal testing unit. The velocity of the cross-head was normalised 

at 2.0 mm/min. Thus, the cross-head motion for this research finding is 4.26 mm/min. The test 

was performed at monitored room temperature 23℃ and 55% relative humidity. the side where 

samples were fixed, was stationary. For the flexural test, five samples were tested from each 

type and average values are reported.  

   

3.6.Izod notched impact test 

 

For impact characterisation, the dimensions of composites were 70×15×8 mm3, which were 

analysed by utilising an impact testing machine type: Instron CEAST 9050. The temperature 

and humidity were recorded at 22°C and 50%, respectively. The dimensions and conditions of 

the tests were performed according to the standard of ASTM D256-10e1. Five samples for each 

test as an average of impact load were accounted and investigated.   

 

3.7.Scanning electron microscopy (SEM) 

 The scanning electron microscope type: EM-30AX (Model: COXEM, Daejeon, Korea) 

machine was utilised to analysing the fractured surface morphology of hybrid and pure fibres 

composites. The SEM machine was utilised to offer a graphical interface and shown a better 

fracture surface distribution morphology of failure bonding performance between bio phenolic 

matrix and fibres.  

 

4. RESULTS AND DISCUSSION  

 

4.1.Chemical modifications of fibre composites  

The spectra of FTIR display the intensity of infrared bands and wavenumbers, which represent 

the molecular bonding. Figure 2 illustrates the FTIR spectra for pure and hybrid fibre 

composites (OPF and PALF; OPF/PALF) with and without alkali NaOH treatment. The spectra 

of FTIR were verified with range of frequency from 400 cm−1 to 4000 cm−1. The changes in 

functional and chemical groups before and after the treatment for fibre composites were 



 
 

investigated. In this work, in order to explain the effect of natural fibres (OPF and PALF) as 

additives on the chemical structures in improving the surface characterisations of the bio-

phenolic resin. The experiment aims to study the impact of NaOH treatment in pure and hybrid 

fibres composites and determine the cellulose and hydroxyl groups. Overall, the results showed 

that untreated and treated OPF and PALF fibres have differences in terms of band intensity. 

Based on the graph, a broad peak was observed around 3300 cm−1 which confirms the presence 

of cellulose molecules with free form OH groups, whereas the band appearing around 2900 

cm−1 corresponds to the C-H absorption band. The results for the alkali-treated PALF fibre 

showed the absence of the peak around 1700 cm−1, which validates the removal of lignin and 

hemicellulose after the treatment of alkali solution (NaOH). 

Meanwhile, the peak identified for untreated PALF fibre at 1730 cm−1 was recognised to the 

presence of C=O, which belongs to the groups in lignin and hemicellulose compositions. A 

broad band ranging from 3000 to 3700 cm–1 exhibited hydroxyl group (–OH) in the structure 

of cellulosic for fibres [36] that can be simply pointed out in every natural fibre reinforced 

hybrid composite, whereas band from 2800–3000 cm–1 showed the existence of bond (C–H), 

which is due to methylene groups [36]. The sharp group noticed at the region of 1733 cm−1 is 

attributable to the carbonyl stretching absorption groups for carboxyl and ester bands, which is 

highly abundant in hemicelluloses composition for the PALF composite, which reduced 

considerably with 1OPF/1PALF hybrid composites [35]. Jonoobi et al. [37] observed that the 

OPF displays peaks related to stretching of C– O at 770 cm−1 and stretching of (C–H) band at 

2850 cm−1, although 50% OPF exhibits another peak at 3450 cm−1 as a result of the stretching 

band (O–H). In addition, the treated pure composite sample (NaOH/50%PALF) displayed the 

lowest intensity at the hydroxyl (O-H) group region among all composites. At the carbonyl 

(C=O) group region, the treated hybrid composites exhibited lower absorbance than all 

composites.    

Zhou et al. [38] investigated the influence of alkali treatment on sisal fibres. They noticed that 

the peaks around 1740 and 1250 cm-1 disappeared after alkali treatment. Liu et al. [39] reported 

from the spectra of FTIR for NaOH treated and NaOH+silane for fibre composites where a 

new absorption group around 1560 cm-1 associated with bending vibration (-NH2) of organ 

silane agent, suggesting that the silane effectively corresponded on the fibre around at the peaks 

of 1740 and 1250 cm-1. 

. 



 
 

4.2. Thermal stability  

TGA is a corresponding method utilised to examine the thermal stability and the degradation 

profile of polymeric materials [40-42]. The thermal stability is assessed by TGA in terms of 

the onset decomposition temperature (Ti), the final decomposition temperature (Tf), the 

maximum temperature (From DTG curves), and the residue at the final decomposition 

temperature. Figure 3 shows a comparison of TGA curves of untreated and treated pure 

composites. The first mass losses observed under 100°C caused by the dehydration of water 

molecules in OPF and PALF composites and (OPF/PALF) hybrid composites. As shown in 

Table 1, the curve of TGA for OPF and PALF composites displays three steps of decomposition 

and loss of mass. The first phase of thermal decomposition was varied from the room 

temperature to the range (100 -135℃), which showed that the treated hybrid composites had 

the lowest mass loss (2.85-3.25%) in comparison to other composites. From Figures 3 and 4 

for TGA curves, it reveals that the moisture evaporation and the degradation of volatile 

extractives of natural fibre. Similar behaviour was observed and thermal stability was  

enhanced by other related works [43,44]. The treated pure composite (NaOH/50%PALF) 

exhibited higher initial decomposition at the temperature (336.17℃) than other composites. 

On the other hand, the treated hybrid composite (NaOH/3OPF/7PALF) displayed higher Tf 

(503.71℃) with a mass loss of 44.07%, while the final residue was 37.16%, as shown in Table 

1. The initial and final decomposition temperatures for treated pure composite (NaOH/%OPF) 

exhibited higher values (Ti = 308.27℃ and Tf = 426.25℃) compared to corresponded untreated 

pure composites (Ti = 282.85℃ and Tf = 415.80℃). Another similar finding was observed by 

Asim et al. [45] who investigated the thermal stability by TGA for the hybrid fiber composites 

PALF/Kenaf fibre (treated-1PALF/1KF). They observed that the initial decomposition 

temperature (Ti) was 305.78℃. At the same time, the Tf was 410.65℃, which was exhibited 

lower final residue (23.19%). In previous work, TGA of treated composites clearly showed that 

fiber converted to partially hydrophobic after treatment, and Tg were also improved because of 

better bonding [45].   

 

 

 

 

 



 
 

Figures 5 and 6 show the derivative of TGA curves (DTG) and Table 1, which summarizes the 

maximum decomposition temperature from the DTG curve. The maximum temperature peak 

for treated pure composite (NaOH/50%PALF) was the highest value than other composites, 

which was 374.56℃. Another study reported that the greatest elimination of hemicellulose 

composition was observed in fibre composite treated with (3% NaOH) for an immersion period 

of around 1 h. Furthermore, it displayed the greatest thermal stability in contrast with the others 

because the greatest char residual development was formed by lignin. Moreover, the content 

of lignin was enhanced by 10.3% of  NaOH treated fibre with 1 h soaking time in comparison 

with the untreated fibre. The TGA thermogram curves also remarked that over 260℃, the 

thermal decomposition phase appeared at 297.15℃ with a mass loss of 31.71%, which is 

related to the hemicellulose polymerisation [46].  Loganathan et al. [47] studied the impact of 

the NaOH-treated Cytostachys renda fibre to be reinforced in the polymeric composites. They 

found that 3% NaOH treated/ fibre composites exhibited the main decomposition temperature, 

which is 364.95℃, which is due to the α-cellulose degradation with a mass loss of 44.97%. 

 

4.3. Dynamic-mechanical analysis (DMA)   

The DMA results offer an in-depth understanding of viscoelastic properties such as stiffness, 

damping and glass transition temperature of polymer and composite materials (48-50). The 

variations of the storage modulus, loss modulus and damping factor (tan delta) of untreated and 

treated pure composites and hybrid composites after curing with temperatures are shown in 

Figures 7-12. In this study, it was found that treated pure composite (NaOH/50%OPF) 

exhibited higher storage modulus (7115MPa) than untreated 50%OPF was 3340MPa, which 

indicated the storage modulus increased by 113%, as shown in Figure 7. On the other hand, the 

treated pure composite NaOH/50% PALF) showed less storage modulus than that of treated 

(NaOH/50%OPF) composite. The treated hybrid composites showed significant improvements 

in storage modulus in contrast to those of untreated hybrid composites. The storage modulus 

of treated hybrid composite (NaOH/1OPF.1PALF) exhibited the maximum storage modulus 

among other treated and untreated hybrid composites (Figure 8). The storage modulus of 

treated hybrid composites (NaOH/1OPF.1PALF) was 3337.5MPa, which increased by 50.5% 

compared to untreated (1OPF/1PALF) composite, an indication of enhanced adhesion through 

fibre surface treatment. Clearly, from Figure 7, it can be shown that at low temperature (room 

temperature), the storage modulus values were lowest with untreated OPF and PALF fibres 

composites. Asim et al. [45] noticed in their study that the untreated hybrid composites (7P.3K) 



 
 

displayed the lowest storage modulus, but the treated hybrid composite (7P.3K) demonstrated 

the greatest storage modulus. It is obviously indicated that PALF improved the performance of 

stiffness and enhanced the interfacial bonding between KF and polymeric material. 

Loss modulus considers an energy dissipation test by way of heat/ cycle below deformation of 

viscous of materials [51].  A significant loss in modulus reveals viscous performance and hence 

observed damping characterisations. As shown in Figures 9 and 10, the loss modulus of treated 

pure composite samples (NaOH/50%OPF) displayed a higher loss modulus than the untreated 

pure composite sample (50%OPF). However, in the treated NaOH/50%PALF, the loss 

modulus reduced compared to treated NaOH/50% OPF and increased compared to untreated 

50%PALF. The loss modulus of treated (NaOH/50%PALF) composite was 186.5MPa, while 

untreated 50%PALF was 112.4MPa. 

On the other hand, the treated hybrid composites modulus values for treated exhibited a slight 

decrease than among composites, as shown in Figure 10. For example, the treated composite 

(NaOH/1OPF.1PALF) showed the lowest loss modulus among all composites, which was 

162.1MPa. Furthermore, the loss modulus of treated hybrid composites exhibited better 

strength with lower loss modulus compared to those corresponded to untreated hybrid 

composites. A similar trend of loss modulus was investigated by Asim et al. [45]. They noticed 

that the value of loss modulus for treated hybrid composites (7P.3K) displayed the maximum 

change in contrast to all other untreated and treated hybrid composites. It might occur as a 

result of internal friction improved the energy dissipation within composites.  

Figures 11 and 12  show the variations of tan δ with temperature for the different investigated 

composites. In Figure 11, the tan δ was lowered with the treated NaOH/50%PALF compared 

to other untreated and treated pure composites. A greater amount of tan δ showed a better 

degree for molecular mobility, which involves the least molecular mobility [45]. In Figure 12, 

the treated hybrid composites displayed a minor damping factor (tan δ) than those of untreated 

hybrid composites. However, the treated pure composite (NaOH/50%PALF) exhibited the 

lowest damping factor (0.72) than the treated hybrid composites, as revealed in Figure 11.  The 

reason may be that the treated pure composite (NaOH/50%PALF) exhibited better internal 

molecular and energy dissipation motion at fibre-matrix interactions [52]. Asim et al. [45] 

showed that the untreated hybrid composites incorporated PALF in different percentages for 

the KF composites raised the tan δ values with the increase of ratio for PALF in the hybrid 

composites. It can be caused by poor interfacial bonding and inconsistency within KF and 



 
 

PALF composites. In contrast, treated hybrid composites (PALF: KF) reduced the damping 

factor indicating lesser values for (Tan δ) peak and great interfacial adhesion between bio 

phenolic matrix and fibres [45,53].   

 

4.4.Tensile properties  

The tensile strength and Young’s modulus of untreated and treated fibre composites are 

presented in Figure 13.  

In this study, NaOH treatment was utilised to enhance the mechanical properties of pure OPF 

and PALF, and hybrid OPF/PALF composites reinforced bio phenolic composites. Hence, the 

mechanical characterisations, including the tensile and modulus tests of the treated and 

untreated pure composites (OPF and PALF) composites compared to the treated and untreated 

hybrid (OPF/PALF) composites, were illustrated in Figure 13. It can be seen that the 

reinforcement of treated 50% PALF exhibited higher tensile strength 33.3 MPa more than 

untreated 50% PALF 18.57 MPa, which was increased by 79.32% in contrast to untreated pure 

composite (50%PALF). The tensile strength for the incorporation of treated hybrid composites 

(1OPF/1PALF, 3OPF/7PALF, and 7OPF/3PALF) in bio phenolic composites was 25.6MPa, 

32.2MPa, and 27.1MPa, respectively. However, the tensile strength of untreated hybrid 

composites (1OPF/1PALF, 3OPF/7PALF, and 7OPF/3PALF) exhibited lower values than 

those of treated hybrid composites, which were 20.69MPa, 24.01MPa, and 23.98MPa, 

respectively. In contrast, the treated pure composites (50%OPF and 50% PALF) revealed a 

considerable increase in tensile strength than those of untreated corresponded pure composites, 

as displayed in Figure 13. The increase in tensile strength of the bio phenolic composite 

strengthened with treated OPF and PALF fibre composites is because the treatment of alkali 

(NaOH) enhanced due to the improved interaction between the fibre and the matrix. At the 

same trend, it was also noted for the tensile modulus (Young’s modulus), where incorporating 

the treated pure and hybrid composites increased the mechanical strength in comparison with 

untreated pure and hybrid composites [54].  

The presence of treated hybrid composites (50%PALF) showed a high young’s modulus 

7535.2MPa among all composites. The young’s modulus of treated hybrid composites 

((1OPF/1PALF, 3OPF/7PALF, and 7OPF/3PALF) was 5836.8MPa, 6780.4MPa, and 6273.3 

MPa, compared to untreated corresponded hybrid composites, which were 5471.1MPa, 5978.8 

MPa, and 5661.5 MPa, respectively, the results are illustrated in Figure 13 showed that the 



 
 

treated hybrid composites significant improvements in modulus compared to untreated hybrid 

composites. On the other hand, the young’s modulus of treated pure composites 50%OPA 

reduced by 9.92% than that of untreated 50%OPF while the young’s modulus of treated 

50%PALF increased by 44.88%. This may be because the treatment of 50% PALF in alkali 

(NaOH) solution showed better young’s modulus due to the good fibre/matrix interfacial 

bonding between the bio-phenolic matrix and the fibre. Another work [15] showed that the 

incorporation of the treated kenaf fibre (KF) improved the tensile strength by 12.97% compared 

to untreated KF composites. Mittal and Shinha [55] showed that the tensile strength and 

modulus of the 1% wt. of alkali-treated wheat straw fibre (WSF) /bio-phenolic composites were 

12.8 MPa and 945 MPa, correspondingly. They reported that an increase in tensile strength 

was  11%, while the tensile modulus was nearly 4%. 

 

 

4.5.Flexural properties  

The flexural strength and flexural modulus of all treated and untreated composites were 

investigated and compared to corresponded pure composites, as presented in Figure 14. As it 

can be shown that the flexural strength and modulus of the 3OPF/7PALF composite exhibited 

the highest values among all the samples. The flexural strength of treated with NaOH of 50% 

OPF reduced by 23.33% compared to that of untreated 50%OPF. However, the treated 

NaOH/50% PALF exhibited the greatest flexural strength, which was raised by 82.27% than 

that of untreated 50% PALF. In contrast, treated hybrid composites exhibited substantial 

improvements in flexural strength values in comparison with those of corresponded untreated 

hybrid composites.  

The flexural strength of treated composite (NaOH/1OPF.1PALF) was increased by 63.52% 

than that of untreated 1OPF/1PALF while the treated composites (NaOH/3OPF.7PALF and 

NaOH/7OPF.3PALF) were increased 14.51% and 51.53% in comparison to those 

corresponded untreated hybrid composites (3OPF/7PALF and 7OPF/3PALF), respectively.  

Further investigation of the flexural modulus of treated and untreated (pure and hybrid) 

composites is illustrated in Figure 14. The flexural modulus of treated 50% PALF exhibited 

the highest flexural modulus among all composites. On the other hand, for 50% OPF 

composites, the flexural modulus did not exhibit improvement in flexural modulus after 

treatment. Furthermore, the flexural modulus of NaOH/50% OPF was reduced to 5040.9 MPa, 

while the untreated corresponded composite was 4542.2 MPa. In contrast, the flexural modulus 



 
 

of 50% PALF was 8859.6 MPa while it was about 4937.5 MPa for untreated 50%PALF, which 

was improved by 79.44%, as shown in Figure 14.   

The trend observed that the treatment of 5% alkali solution (NaOH) in hybrid composites 

increased flexural modulus. The treated hybrid composites exhibited higher flexural modulus 

values than those of untreated hybrid composites. Following, the treated hybrid composite 

NaOH/1OPF.1PALF showed the highest increase in flexural modulus (8813.1 MPa) than to 

NaOH/3OPF.7PALF (6750.1MPa) and 7OPF/3PALF (8588.8 MPa). Other related works 

showed that the flexural modulus of (5OPEFB/5SCB) composite improves from 897 MPa to 

959 MPa and 1449 MPa, correspondingly, as 4% of hydrogen peroxide 2% of silane treated 

OPEFB and SCB fibres in bio phenolic composites [56].   

 

4.6.Impact strength  

The low velocity impact characteristics of bio composites are important to understand for these 

composites to be used in various industrial applications. The impact strength results for the 

treated and untreated (pure and hybrid) composites are presented in Figure 15. Compared to 

the untreated pure composites (50%PALA and 50%OPF), the treatment of NaOH for pure 

composites (50%PALF and 50%OPF) reinforced bio-epoxy have  improved the impact 

properties. The greatest values of impact strength were attained for the untreated pure 

composite (50% PALF), which was 6.53 kJ/m2, which increased by 50.1% compared to that of 

untreated 50%PALF while the treated (NaOH/50%OPF) displayed a slight decrease in the 

impact strength in contrast to treated pure composite (NaOH/50% PALF). As a result, the 

impact strength of treated pure composite (NaOH/50%OPF) was 5.96 KJ/m2, while untreated 

pure composite (50%OPF) was 5.1 KJ/m2, as presented in Figure 15.  

From Figure 15, it can be seen that the impact strength for hybrid composites treated by alkali 

solution (alkali; NaOH) was enhanced. On the other hand, the treated hybrid composite 

(NaOH/7OPF.3PALF) exhibited better impact strength (6.37 KJ/m2) compared to other 

corresponded composites (NaOH/1OPF.1PALF and NaOH/3OPF.7PALF), which were (5.49 

KJ/m2 and 6.2 KJ/m2), respectively. Thus, it appears that the hybridisation treatment for two 

fibers offers successful resistance to crack propagation through tests of impact strength as a 

result of an enhancement in interfacial bond and in the capacity of stress, which is associated 

to fiber retreat and distribution of loading [57].  



 
 

In other words, the impact strength values of treated NaOH/1OPF.1PALF and 

NaOH/3OPF.7PALF and NaOH/3OPF.7PALF were increased by 33%, 62%, and 57%, 

respectively, compared to those corresponded untreated composites. It appears the treatment 

of pure and hybrid composites offers efficient resistance to fracture propagation in the course 

of the impact experiments. This may have resulted from interfacial adhesion improvements as 

a result of homogeneity and the capacity of stress, which is correlated with the distribution of 

load and pull-out of fibres [58]. It is plausible to suggest that the NaOH treatment improves the 

fibre matrix adhesion and composite’ ability to dissipate greater impact energy. A previous 

finding indicated that coir fibres (CF) and pineapple leaf fibres (PALF) in polylactic acid (PLA) 

hybrid composites (C1.P1) exhibited the highest impact strength (4.2 KJ/m2) along with all 

untreated and treated hybrid composites [36]. Following this study, [21] the treated hybrid 

composites (1CF. 1PALF) exhibited best impact strength than other composites. Srinivasa and 

Bharath [59] investigated the impact strength behaviour of alkali treatments for areca fibres 

composites, and they found that the areca fibre composites treated with alkali solution 

enhanced the impact strength compared to untreated fibre composite.  

 

 

4.7.SEM morphology Analysis  

 

The observation microstructural analysis (SEM) in Figures 16 for fracture surfaces of pure and 

hybrid composite (treated and untreated) samples. Treated hybrid fibre composites showed 

excellent adhesion and well dispersion between the fibres and matrix compared to the surface 

of untreated hybrid fibre composites, which observed with obvious cracks and voids.  On the 

other hand, treated PALF fibre composites surface showed well dispersion and interfaces 

between the fibre and matrix and smaller voids on surface after flexural loading tests, thus 

exhibited good bonding of fibres and matrix.  

 

CONCLUSIONS  

A series of alkali-treated for hybrid and pure compositions of PALF and OPF fibre reinforced 

epoxy composites were prepared by compression moulding technique. Alkali (5% NaOH) 

treatment was successfully incorporated in fibre composites to strengthen the bio-phenolic 

matrix. From the analysis of FTIR, it can be concluded that the alkali treatment has been 



 
 

effective way to eliminate the hemicellulose and lignin from OPF and PALF fibre-reinforced 

bio phenolic composite. From TGA results, the initial and final decomposition temperature of 

the treated pure and hybrid composites improved in comparison to that of untreated composites 

showing enhanced thermal stability. Moreover, the values of maximum decomposition 

temperature (Tmax) for treated composites were enhanced in comparison to those of untreated 

composites. In addition, the final residue remained in an increase with the treated pure and 

hybrid composites, in contrast to untreated composites. The treatment of alkali 5%NaOH 

results considerably in increased composite strength and stiffness of treated hybrid and pure 

composites, notably for treated pure composite (NaOH/50%PALF). From DMA results, the 

flexural moduli of treated composites were increased considerably compared to untreated 

composites due to increased bonding strength of treated composites. The impact toughness of 

treated NaOH/50% PALF exhibited slightly increased in comparison to other composites. 

From the overall results presented, the treatment of fibre composites by alkali (5%NaOH) can 

be considered as an optimum percentage to be utilised to improve the compatibility between 

fibre and the matrix. This will further help to use  bio composites as sustainable materials for 

indoor and outdoor applications. By broadly assessing and interpreting the chemical, thermal, 

and mechanical properties from this study, the results exhibited new treated hybrid and pure 

composites having the cost-effective and green credentials, which has potential to be used in 

advanced and effective structural applications. 
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FIGURE 1. A proposed scheme showing the interface between the matrix and fibre 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

FIGURE 2.  FT-IR spectra of treated and untreated fibre composites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3. TGA curves of pure composites (treated and untreated). 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4. TGA curves of hybrid  composites (treated and untreated).  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  5. DTG curves of treated and untreated  pure composites.  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  6. DTG curves of treated and untreated hybrid composites. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  7. Storage modulus (E′) vs temperature of treated and untreated pure composites. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  8. Storage modulus (E′) vs temperature of treated and untreated hybrid composites. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  9. Loss modulus (E′′) vs temperature of treated and untreated pure composites. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  10. Loss modulus (E′′)  of natural vs temperature for  treated and untreated hybrid 

composites.  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 11. Damping factor (Tan δ) of natural vs temperature of treated and untreated pure composites.  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  12. Damping factor (Tan δ) of natural vs temperature for untreated and treated hybrid composites. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 13. Tensile strength and Young’s modulus of untreated and treated pure 

and hybrid fibre composites. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE  14. Flexural strength and modulus for treated and untreated hybrid and 

pure fibres composites. 

 



 
 

 

 

 

 

 

 

FIGURE 15. Impact strength values of untreated and treated hybrid and pure fibres 

composites.   

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

FIGURE 16. SEM micrographs mechanical fracture surface of samples (A) Bio phenolic 

based, (B) 50%OPF, (C) 50%PALF, (D) NaOH/50%OPF, (E ) NaOH/50%PALF, (F) 

3OPF/7PALF, (G) 1OPF/1PALF, (H) 3OPF/7PALF, (K) NaOH/3OPF.7PALF, (M) 

NaOH/1OPF.1PALF, (N) NaOH/7OPF.3PALF,   
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Table 1. Thermal degradation of pure (OPF and PALF) and hybrid OPF/PALF fibres 

composites. 

 

 

System 

 

Degradation temperature (℃) and mass loss (%) 

 DTG at maximum 

temperature peak (℃) 

 

Final residue      

(%) 

       Ti              Mass loss 

 (ºC)              (%)  

   Tf 

   (ºC) 

    Mass loss            

            (%) 

 

 

 

50% OPF  282.85 35.59 415.80 20.56          337.25          37.81 

NaOH/50% OPF 308.27 30.31 426.25 53.56          346.67          35.91 

50%PALF 290.39 32.99 413.96 24.43          335.42         35.99 

NaOH/50% PALF 336.17 84.21 495.46 43.64           374.56        35.91 

1OPF/1PALF 290.46 34.64 415.42 20.08          338.50         38.49 

NaOH/1OPF.1 PALF 305.38 86.73 429.90 55.29          343.87          40.25 

3OPF/7PALF 286.92 34.14 413.92 23.33          335.82         35.23 

NaOH/3OPF.7 PALF 308.75 86.57 503.71 44.07           345.25         37.16 

7OPF/3PALF 294.43 33.90 413.99 23.94          342.30         35.06 

NaOH/7OPF.3 PALF 303.18 86.86 497.81 44.89          341.08         37.43 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 


