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Polyester/kenaf composites reinforced with zinc oxide nanoparticles 
(ZnO NPs) were fabricated. The nanoparticle treatment had a noticeable 
effect on the mechanical properties of the composites. Kenaf treatments 
with five different concentrations 1%, 2%, 3%, 4%, and 5% were 
performed. The mechanical analysis showed an increased flexural 
strength stability and break elongation in the functionalized ZnO NPs-
treated kenaf polyester resin composites. The polymer nanocomposites 
with 2% ZnO NPs had stable mechanical properties with moderate 
elastic properties compared with the remaining ZnO NPs systems. The 
mechanical properties of the composites that contained different layers 
of kenaf mat demonstrated positive influence on the polymer 
nanocomposites. The material increased in stiffness with an increase in 
layers from 1 to 5. The results of weathering confirmed the stability of the 
polymer nanocomposites with increased stability. The 2% nanoparticle 
coating with a 5-layer kenaf layer revealed no remarkable changes in the 
mechanical degradation throughout the 6-month weathering period. The 
results of the mechanical properties tests suggested that a 2% ZnO NPs 
concentration with five kenaf layers had the highest moisture resistance, 
thus; the ZnO NPs acted as a water repellent agent. 
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INTRODUCTION 
 

Nano-based materials have shown very different behaviour from their bulk 

counterparts (Guo et al. 2008; Cierech et al. 2016, Mohammed et al. 2017a,b). Compared 

to macroscopic materials, nanoscale materials have been found to possess distinct and 

unique physical, chemical, and optical properties due to their small size and high surface 

to volume ratio (Guo et al. 2008; Cierech et al. 2016; Mohammed et al. 2017a,b). These 

unique potentials have provoked substantial interest in many different applications, such 

as device sensors and nanomaterials (Kabir et al. 2013; El-Sabbagh 2014; Tawakkal et al. 

2014; Karger-Kocsis et al. 2015; Lai et al. 2016). Both constitute great potential, 

especially the nanomaterials, due to their unique physicochemical properties (Mou et al. 

2016). The materials have been used in a wide range of applications, such as a filler in 
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polymers to improve the mechanical, electric, electronic, and optical properties (Arrakhiz 

et al. 2013a; Venkateshwaran et al. 2013; Shah 2014; Shukor et al. 2014; Zaikikhani et 

al. 2014). The polymer reinforced or filled nanomaterials have attracted much interest by 

a wider community of scientists due to their potential application for lighter devices, 

compatibility with homogeneity, ease of processing, and their cost-effective re-process 

ability (Guo et al. 2008; Cierech et al. 2016; Mohammed et al. 2017a,b). The 

nanoparticles have an engineerable atomic profile that could be used to manipulate 

physical and chemical properties (Kabir et al. 2013; El-Sabbagh 2014; Tawakkal et al. 

2014; Karger-Kocsis et al. 2015; Lai et al. 2016). The natural fibre composites that are 

exposed outdoors to direct sunlight are subjected to radiation, which breaks the covalent 

bonds in organic polymers, causing yellowing, colour fading, weight loss, surface 

roughening, mechanical property deterioration, and embrittlement (Venkateshwaran et al. 

2013; Shukor et al. 2014; Shah 2014; Zaikikhani et al. 2014). Increased reduction occurs 

in wetter conditions because photodegradation causes changes in all scales of polymer 

dimensions, including the monomer unit (oxidation), the chain (crosslinking or chain 

scission), the morphology (breakdown of the molecules and crystal), and on the 

macroscopic scale (Kabir et al. 2013; El-Sabbagh 2014; Tawakkal et al. 2014; Karger-

Kocsis et al. 2015; Lai et al. 2016). The ultraviolet (UV) radiation absorbed by the 

polymers modifies the chemical structure, providing a molecular chain scission and/or a 

chain crosslinking (Arrakhiz et al. 2013a; Reddy et al. 2013; Al-Oqla and Sapuan 2014; 

Bing et al. 2014; Salleh et al. 2014). The degradation processes via weathering, which 

includes photoradiation, thermal degradation, photo-oxidation, and hydrolysis, results in 

changes in the chemical, physical, and mechanical properties of materials. 

Photodegradation of the polymers via photo-oxidation is promoted by UV irradiation 

(Arrakhiz et al. 2013b; Bing et al. 2014). Therefore, a suitable surface treatment is 

needed to counter this problem. 

 The poor adhesion between fibres and the fact that the polymer matrix generates 

void spaces around the fibres in natural fibres composites, which leads to a higher water 

uptake, are equal causes of the early material degradation (Venkateshwaran et al. 2013; 

Shukor et al. 2014). Several studies have been proposed in fibre modification, and among 

them is fibre modification via alkalization, which can reduce the moisture absorption 

(Cierech et al. 2016; Mohammed et al. 2017a,b). Potassium hydroxide (KOH) and 

sodium hydroxide (NaOH) are commonly used to decrease the hydrogen bonding 

capacity of cellulose and eliminate open hydroxyl groups that tend to bond with water 

molecules. Unfortunately, this approach has some limitations due to lower overall 

strength properties and lower interfacial adhesion (Deka et al. 2013; Xia et al. 2016). 

Another approach is modification via discharge treatment, such as low-temperature 

plasma, sputtering, and corona discharge, which changes the functional properties of 

natural fibres (El-Sabbagh 2014; Lai et al. 2016). Unfortunately, the etching influences 

mainly physical changes, such as surface voids, which leads to a decrease in mechanical 

adhesion (Cierech et al. 2016; Mohammed et al. 2017a,b). Another common treatment is 

via alkaline treatment, which was widely used to modify the surface of natural fibres. 

Thereby, the alkaline treatment affects the degree of polymerization (DP), the cellulosic 

fibril, and the removal of hemicellulosic and lignin compounds (Cierech et al. 2016; 

Mohammed et al. 2017a,b). Moreover, the mechanical properties are enhanced by 

increasing the surface roughness and increasing the quantity of cellulose molecules that 

are located on the surface of the fibre and this treatment removed the lignin and 

hemicellulose. It has been reported that their removal results in less rigid mechanical 
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properties (Deka et al. 2013; Xia et al. 2016); therefore, an alternative approach is 

necessary. 

Natural materials such as kenaf in composites are not able to stand environmental 

conditions because they have excessive wettability (Mohammed et al. 2017a,b). Natural 

materials are incompatible with most polymeric matrices and exhibit high moisture 

absorption. They easily form voids within composites, which can reduce the mechanical 

properties of a composite (Mohammed et al. 2017a,b). With these problems in mind, it is 

found that incorporation of ZnO nano material will improve the mechanical properties. 

This study proposed a zinc oxide nanoparticle (ZnO NP), which was found to 

possess high photocatalytic efficiency among all inorganic photocatalytic materials, and 

is more biocompatible with natural materials. Moreover, due to nanomaterials’ surface to 

volume ratio, the interfacial forces, such as the Van der Waals force, electrostatic force, 

and capillary forces near the nanoparticle dominate the adhesion process (Deka et al. 

2013; Alavudeen et al. 2015; Bakar et al. 2015; Xia et al. 2016; Yusoff et al. 2016). The 

polyester resin structural polymer matrix was chosen because the unsaturated polyester 

resin provided a network structure with resistance to the moisture and chemicals with 

reasonable mechanical properties. Therefore, with these potential properties, the ease of 

processing, and the ZnO NPs, polyester, and kenaf natural fibres were chosen for the 

fabrication and characterization of zinc oxide nanoparticle-treated kenaf polymer 

composites for weather resistance based on solar radiation assisted moisture repellent. 
 
 
EXPERIMENTAL 
 

Materials 
Kenaf fibre was obtained from Rahamatullah Sdn. Bhd (Kedah, Malaysia). The 

kenaf was in mat form and used without any further treatment. A standard unsaturated 

polyesters resin was supplied by Castmesch Technologies Sdn. Bhd. (Perak, Malaysia). 

Methyl ethyl ketone peroxide (MEKP; solution in dimethyl phthalate) was obtained from 

Kaumjung Akzo Nobel Peroxide Ltd. (Tianjin, China) by the trade name Butanox M60. 

Nano-zinc oxide (ZnO < 100 nm particle size) was purchased from Sigma-Aldrich (M) 

Sdn. Bhd. (Kuala Lumpur, Malaysia). The nano-zinc oxide (nano-ZnO), unsaturated 

polyester (UP), and MEKP UP had a hazy pinkish colour with a gel time of 18 min to 23 

min at 25 °C with 2% MEKP. The density of the UP was 1.4 g/cm3 with a specific 

gravity of 1.12 g/cm3 and a volumetric shrinkage of 8%. The MEKP was colourless in 

appearance with a density of 1.15 g/cm3 with a melting point of -8 °C and a boiling point 

of 109 °C. The fabrication and testing consist of 7 major steps.  

The initial step was the kenaf fibre mat being cut into 20 cm × 20 cm dimensions. 

Different concentrations of the nano-ZnO were applied, i.e. 0, 1, 2, 3, 4 and 5 wt%. For 

the high-speed mixing, a Ragogna mixer custom built for FPInnovations by Custom 

Machinery Ltd. (Ontario, Canada) with a speed up to 5,000 rpm was employed. To avoid 

destabilization of the emulsion, a moderate mixing speed (up to 2,500 rpm) at room 

temperature was used and a good dispersion was obtained with powder. This was 

followed by submerging the prepared kenaf into the prepared nanoparticle in water, 

following the process according to the procedure in Mohammed et al. (2017a).  To avoid 

sedimentation of the nanoparticles, the kenaf fibre was immediately submerged in the 

suspension containing the nano-ZnO for 60 min at 60 °C and in a vacuum of 600 mm Hg 

to increase penetration of the solution. The treated kenaf fibres were then washed with 
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distilled water to remove the excess chemicals. The treated kenaf fibre layers were placed 

in a conventional oven to dry at 80 °C overnight. This was followed by compressing the 

untreated and treated kenaf fibres with nano-ZnO using a universal testing machine 

(Instron 5569; Instron, Norwood, MA, USA) at 90 °C. Prior to putting the fibres into the 

mold, the resin was placed via a hand lay-up method at the bottom of the kenaf; then the 

kenaf was placed inside the mold.  

Different loadings of untreated and treated kenaf fibres with the nano-ZnO were 

applied, i.e., 10 wt%, 20 wt%, 30 wt%, and 40 wt%. The resin was impregnated into the 

untreated and treated kenaf via a hand lay-up method and 2% of MEKP was added as a 

hardener for all of the samples. This process was followed by resin impregnation, which 

was divided into two stages: (1) fabrication of the layer of untreated kenaf where it was 

impregnated into 1, 2, 3, and 4 layers to make an untreated kenaf unsaturated polyester 

composites as a control composite; and (2) fabrication of the ZnO NP-treated kenaf 

where the resin was impregnated into 1, 2, 3, and 4 layers of kenaf to make a ZnO NP-

treated kenaf unsaturated polyester composite. Next, the composites were compressed for 

10 min without heating. The prepared composite was measured and cut to 2.5 cm × 20 

cm. The authors compared the untreated kenaf unsaturated polyester composite at room 

temperature with the ZnO NP-treated kenaf unsaturated polyester composite.  

The weathering study was performed in accordance to “ASTM D1435-13, 

“Standard Practice for outdoor weathering of plastics”, ASTM International, West 

Conshohocken, PA, 2013”. The specimens were prepared and exposed to weather for 6 

months in intervals of 2 weeks and after each interval, the samples were tested as shown 

in the formulation Table 1.  

 

Table 1. Formations Evaluated 
System  Kenaf 

layers  
Treatment  Weathering (months) 

System 1 O Layers 1% 1, 2, 3, 4, 5, 6  

3% 1, 2, 3, 4, 5, 6 

4% 1, 2, 3, 4, 5, 6 

5% 1, 2, 3, 4, 5, 6 

System 2 1 Layer 1% 1, 2, 3, 4, 5, 6 

2% 1, 2, 3, 4, 5, 6 

3% 1, 2, 3, 4, 5, 6 

4% 1, 2, 3, 4, 5, 6 

5% 1, 2, 3, 4, 5, 6 

System 3 2 Layers 1% 1, 2, 3, 4, 5, 6 

2% 1, 2, 3, 4, 5, 6 

3% 1, 2, 3, 4, 5, 6 

4% 1, 2, 3, 4, 5, 6 

5% 1, 2, 3, 4, 5, 6 

System 4 3 Layers 1% 1, 2, 3, 4, 5, 6 

2% 1, 2, 3, 4, 5, 6 

3% 1, 2, 3, 4, 5, 6 

4% 1, 2, 3, 4, 5, 6 

5% 1, 2, 3, 4, 5, 6 

System 5 4 Layers  1% 1, 2, 3, 4, 5, 6 

2% 1, 2, 3, 4, 5, 6 

3% 1, 2, 3, 4, 5, 6 

4% 1, 2, 3, 4, 5, 6 

5% 1, 2, 3, 4, 5, 6 
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Finally, the physical characterization was conducted with a scanning electron 

microscope (JSM6400; JEOL Ltd., Tokyo, Japan) and mechanical testing for the tensile 

and flexural tests were performed in the Kubang Gajah Laboratory, Universiti Malaysia 

Perlis, via a universal testing machine (Instron 5569; Instron, Norwood, MA, USA) based 

on “ASTM D638-14, "Standard Test Method for Tensile Properties of Plastics”, ASTM 

International, West Conshohocken, PA, 2014”. 

 
Methods 

Next, the untreated and treated kenaf fibres with nano-ZnO were compressed 

using a universal testing machine (Instron 5569; Instron, Norwood, MA, USA) at 90 °C. 

Prior to putting the fibres into the mold, the resin was placed via a hand lay-up method at 

the bottom of the kenaf; then the kenaf was placed inside the mold. Different loadings of 

untreated and treated kenaf fibres with the nano-ZnO were applied, i.e., 10 wt%, 20 wt%, 

30 wt%, and 40 wt%. The resin was impregnated into the untreated and treated kenaf via 

a hand lay-up method, and 2% of MEKP was added as a hardener for all of the samples. 

This process was followed by resin impregnation, which was divided into two stages: (1) 

fabrication of the layer of untreated kenaf where it was impregnated into 1, 2, 3, and 4 

layers to make an untreated kenaf unsaturated polyester composites as a control 

composite; and (2) fabrication of the ZnO NP-treated kenaf where the resin was 

impregnated into 1, 2, 3, and 4 layers of kenaf to make a ZnO NP-treated kenaf 

unsaturated polyester composite. Next, the composites were compressed for 10 min 

without heating. The prepared composite was measured and cut to 2.5 cm × 20 cm. The 

authors compared the untreated kenaf unsaturated polyester composite at room 

temperature with the ZnO NP-treated kenaf unsaturated polyester composite. The 

weathering study was performed in accordance to the ASTM D1435-13 (2013) standard. 

The specimens were prepared and exposed to weather for 6 months in intervals of 2 

weeks and after each interval, the samples were tested. Finally, the physical 

characterization was conducted with a scanning electron microscope (JSM6400; JEOL 

Ltd., Tokyo, Japan) and mechanical testing for the tensile and flexural tests were 

performed  in the Kubang Gajah Laboratory, Universiti Malaysia Perlis, via a universal 

testing machine (Instron 5569; Instron, Norwood, MA, USA) based on ASTM D638-14 

(2014). 

 

 

RESULTS AND DISCUSSION 
 

Imaging and X-ray Analysis 
Figure 1 illustrates the results of the SEM investigation of ZnO NPs distribution. 

The ZnO NPs showed uniform distribution. The average zinc oxide nanoparticle diameter 

and length were approximately between 25 nm to 50 nm and 100 nm to 200 nm, 

respectively.   

Figure 2 shows the typical peaks of the zinc nanoparticles, and it confirmed that 

the ZnO NPs had a nanosized, crystallized, pure well, hexagonal wurtzite structure that 

ranged from 30 nm to 35 nm. Based on the results, the average size distribution of the 

ZnO NPs was 30 nm. 
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(a)                                                     (b) 

 

Fig. 1. Scanning electron microscope (SEM) image of ZnO NPs: (a) with no radial measurement 

and (b) with radial measurement  

 
 

 
Fig. 2. XRD pattern of ZnO NPs 

 

Figure 3 shows the presence of the ZnO NPs in the kenaf fibre and the zinc 

nanoparticle dispersion on the kenaf within the polymer matrix. The composite was 

prepared and polished to reveal their interior nanostructures. The figure indicated the 

SEM monograph of the view of the cross-sectional area of the nanoparticle dispersed 

specimens at 5 different concentrations, 1%, 2%, 3%, 4%, and 5%. As shown, the 

nanoparticles were uniform and well dispersed. However, the concentration distribution 

was different for the extremely high concentrations, such as 4% and 5%, and showed less 

uniform distribution compared to the lower concentrations, i.e. 1% and 2%. The higher 

concentrations showed gaps due to the formation of voids caused as a result of poor 

adhesion between the nanoparticles and the polymer matrix. However, the composites 

that contained the lower concentrations showed more uniformly dispersed nanoparticles, 

which indicated that the nanoparticle surface treatment with a lower concentration 

improved the nanoparticle dispersion in the polymer matrix due to a uniform 

intermolecular force distribution. The appearance of a uniform distribution indicated an 

improved chemical interaction between the nanoparticles and the kenaf. Thus, the particle 

surface treatment caused the particle to disperse. 
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Untreated kenaf fibre 1% treated kenaf fibre 2% treated kenaf fibre 

   
3% treated kenaf fibre 4% treated kenaf fibre 5% treated kenaf fibre 

 
Fig. 3. SEM image of different concentrations of treated and untreated kenaf fibres 

 

Figure 4 shows the flexural results of the fabricated ZnO NPs-treated kenaf 

polymer composite. This was found to provide weather resistance based on solar 

radiation assisted moisture repellent. 

 

 
 
Fig. 4. Flexural results of the fabricated ZnO NPs-treated and untreated kenaf polymer composite 
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Prior to the exposure to outdoor weathering, the composite was characterised 

using mechanical and physical analytical tools to reveal the effects of the ZnO NP 

concentration, and the flexural strength performance was tested against 5 different 

concentrations: 1%, 2%, 3%, 4%, and 5%. The effect of the different concentrations of 

ZnO NPs on the flexural strength of the natural fibre polymer composite is shown in Fig. 

3, where the flexural strengths are shown for systems containing various concentrations 

and non-treated 1%, 2%, 3%, 4%, and 5% (w/w) ZnONPs. It was clearly evident that the 

untreated polyester (zero kenaf) was affected by the presence of the ZnO NPs. Initially 

with zero ZnO NPs it showed approximately a 65 × 10-6 Pa flexural strength, and it 

gradually decreased with an increase in concentration: 50 × 10-6 Pa, 43 × 10-6 Pa, 41 × 10-

6 Pa, 39 × 10-6 Pa, 37 × 10-6 Pa for 1%, 2%, 3%, 4%, and 5% (w/w) ZnO NPs, 

respectively. This was largely due the ZnO NPs interference with the interfacial 

molecular chain of the polymer matrix. However, this reduction was immediately 

countered by the increase in the kenaf layers that reinforced the composite. The first layer 

provided 43 × 10-6 Pa, 45 × 10-6 Pa, 52 × 10-6 Pa, 50 × 10-6 Pa, 49 × 10-6 Pa for 1%, 2%, 

3%, 4%, and 5% (w/w), respectively. However, one very interesting discovery was noted, 

when the concentration increased above 2%, the flexural strength tended to gradually 

decrease, this is because as loading of the nanoparticles in the polymer matrix increases, 

the amount of the particles increases which causes more interaction between the particles 

themselves rather than with matrix. This will then bring agglomeration and form lumps 

which eventually affect the entire composite by creating a void. 

The results of the study suggested the addition of ZnO NPs to a polyester/kenaf 

composite influenced the mechanical properties that modify the mechanical properties of 

the processed materials and application, such as the flexural strength and the tensile 

strength of the material. The nanoparticles treatment had a strong effect on the 

mechanical and subsequent physical properties of the composites. Prior to weathering, 

the treatment on the kenaf was based on 5 different concentrations, 1%, 2%, 3%, 4%, and 

5%. For the composite fabrication shown, 2% had a strong effect on the overall 

composite’s mechanical properties. The mechanical analysis showed an increased 

flexural strength stability and break elongation in the functionalized ZnO NP-treated 

kenaf polyester resin composites. The polymer nanocomposites with 2% ZnO NP had the 

most stable mechanical properties with moderate elastic properties compared with those 

systems containing 1%, 3%, 4%, and 5% concentrations of ZnO NPs. The mechanical 

properties of the composites that contained different layers of kenaf mat demonstrated a 

positive influence on the polymer nanocomposites mechanical properties. The material 

increased in stiffness with an increase in the number of layers from 1 to 5 layers. The 

results of the weathering confirmed the stability of the polymer nanocomposites with 

increased stability. Among the influential concentrations seen through the experiments, 

1% and 2% showed the most promise. The 2% ZnO NPs with 5 layers of kenaf layers 

revealed no remarkable change in the mechanical degradation through a 6 month 

weathering period. The results of the mechanical properties tests suggested that a 2% 

ZnO NP concentration with 5 kenaf layers had the highest moisture resistance, where the 

ZnO NPs acted as a water repellent agent in this composite. 

Figure 5 presents the effects of various ZnO NP concentrations and kenaf layers 

on the break elongation of the composites. The concentrations of the untreated and 

treated 1%, 2%, 3%, 4%, and 5% (w/w) ZnO NPs and with 1, 2, 3, or 4 kenaf layers were 

prepared. As expected, the break elongation of these composites generally decreased with 

increased amounts of ZnO NP and kenaf layers. This suggested that the presence of the 
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kenaf fibres and ZnO NPs increased the stiffness of the composite and does not 

contribute to the elasticity or the final composite flexibility as equally observed by 

Tawakkal et al. (2014) in their study. Zero kenaf layers initially showed a 4.5% 

elongation in an untreated composite and gradually decreased from 4.5% to 4.2%, 3.8%, 

3.3%, and 2.8% for 1 layer, 2 layers, 3 layers, and 4 layers, respectively. This was due to 

an ability to withstand the load transfer from the matrix, however, with a low reinforcing 

effect. In contrast, a similar trend was  seen in the 1% treated composite, with an initial 

elongation of 4%, and gradually decreased from 4% to 3.9%, 3.6%, 3%, and 2.7% for 1 

layer, 2 layers, 3 layers, and 4 layers, respectively; as well as for the 2% treated 

composite, with an initial elongation of 3.9%, and gradually decreased from 3.9% to 

3.6%, 3% and 2.7% for 1 layer, 2 layers, 3 layers and 4 layers, respectively, until a 5% 

decrease was shown. The observed decrease in flexibility of the composites was likely 

due to stiffness of the composites and due to a deficiency in adhesion as a result of 

foreign molecule interfaces in the matrix, which gradually led to a weak load transfer 

from the matrix to the fibres. 
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Fig. 5. Effect of various ZnO NP concentrations and kenaf layers on the break elongation of the 
composites 

 

Figure 6 represents the tensile strength of the untreated composite, 1%, 2%, 3%, 

4%, and 5% ZnO NPs-treated composite with the corresponding 0 layers, 1 layer, 2 

layers, 3 layers, and 4 layers of kenaf mat. The untreated composite showed some higher 

tensile strength compared to the ZnO NPs-treated composite. This was attributed to the 

fact that the ZnO NP addition entered into the fibril orientations of the kenaf, as well as 

the kenaf polymer interface. This interference subsequently moderately improved the 

mechanical properties. The tensile strength of the untreated composite was 29 × 10-6 Pa, 

the 1% treated was 27 × 10-6 Pa, the 2% treated was 26.5 × 10-6 Pa, the 3% treated was 26 

× 10-6 Pa, the 4% treated was 25 × 10-6 Pa, and the 5% treated was 26.5 × 10-6 Pa with a 
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linear decrease in tensile strength, which made this an important attribute due to its effect 

on the biodegradability of the composite. Moreover, apart from the ZnO NPs effect on 

the composite, the layers of the kenaf equally improve the stiffness of the composite. 

From Fig. 6, it was shown that the layers of the kenaf had a noticeable effect. 
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Fig. 6. The tensile strength of the composite with varying ZnO NP concentration and kenaf layers 

 

The addition of a layer increased the tensile strength from 29 × 10-6 Pa to             

39 × 10-6 Pa, almost a 50% increase in tensile strength in nontreated composites. 

Likewise, a treatment of 1% with no kenaf layers was 27 × 10-6 Pa, and was improved 

with one layer to a tensile strength of 42 × 10-6 Pa. The 2 kenaf layers with a 1% 

treatment had a tensile strength of 44 × 10-6 Pa, 3 kenaf layers with a 1% treatment had a 

tensile strength of 47 × 10-6 Pa, and 4 kenaf layers with a 1% treatment had a tensile 

strength of 50 × 10-6 Pa. It very interesting to note the as the concentration of the ZnO 

NPs increased beyond 2%, the tensile strength tended to decrease. This is attributed to the 

higher concentration encouraged conglomeration of the nanoparticles, which affected the 

molecular bonding interfacial forces.   
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1. Single kenaf layer 2. 2 Kenaf layers 

  

3. 3 Kenaf layers 4. 4 Kenaf layers 

Fig. 7. The kenaf arrangement for different numbers of layers (1 to 4) 

 

   

 1. 1 Month 2. 2 Months 3. 3 Months 

   

4. 4 Months 5. 5 Months 6. 6 Months 

Fig. 8. SEM micrographs of the physical appearance of the composite with exposure time 
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Figure 8 shows the SEM micrograph of the physical appearance of the composites 

after 1 month of exposure until 6 months had passed. The composites tended to gradually 

accumulate surface fractures at different weathering periods. The composites for a 1 

month period showed copolymer lining with long straight laid fibres. As the exposure 

increased from 1 month to 6 six months, the surface fractures increased in size. However, 

the general physical condition remained good and the degree the fibre length was pulled 

out decreased. This was possibly due to the ability of the ZnO NPs to dissociate H2O on 

the surface of the composites because of the photon activities and the results of the 

observed radiation from the sun and other sources that the fibres were well adhered to the 

polymer via the ZnO NPs. 

 

 
 

Fig. 9. Effect of weathering periods on the ZnO NP-treated kenaf polymer composites  

 

Figure 9 shows the flexural strength of the composite under different weather 

periods, with different layers and concentrations of the ZnO NPs. Some interesting trends 

were observed, with a single kenaf layer and 1% concentration, at the initial weathering 

period, the flexural strength was 60.1 × 106 Pa, gradually reduced to 58.1 × 106 Pa in the 

second month, and at the sixth month of weathering, the flexural strength was reduced to 

44.5 × 106 Pa. The 2% treated single layer of kenaf showed an improvement over the 

treatment. At the initial treatment periods, the flexural strength was 60.1 × 106 Pa like that 

of the 1% treatment results. However, as the treatment concentration increased, the rate 

of increased flexural strength was minimal compared to the 1% treatment. This was 

attributed to the 2% treatment providing a better interfacial affinity between the polymer 

and the kenaf. Moreover, the 2% treatment for the 4 kenaf layers, showed very interesting 

trends, at the third month of the treatment, no further reduction in flexural strength was 

seen. Hence, this provided a mechanically stable composite. Therefore, the authors can 

suggest that, a 2% treatment with 4 kenaf layers provided better stability against wear and 

tear due to weather conditions. In contrast, the ZnO NPs had a greater effect in providing 
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water resistance than the polymer composite. It served as a photocatalysis, which 

absorbed the radiation from the sun and converted it to heat that in turn repelled the 

moisture content from the composites. The photocatalysis mechanism based on the 

radiation from the sun is stated as follows. The ZnO NPs (Eg = 3.37 eV) were under light 

radiation from the sun and were capable of trapping considerable amounts of radiation 

with little reflection. According to (Halliwelland and Gutteridge 1984), the absorption 

energized the electron in the balanced band and the electron transition from the valence 

band to the conduction band resulted in the creation of an electron-hole pair in which the 

electron (e−) was reductive, and the hole (h+) was oxidative. The hole (H+) reacted with 

the OH− on the surface of the ZnO NPs, and generated hydroxyl radicals (OH−), 

superoxide anion (O2
−), and perhydroxyl radicals (HO2

−). The breaking of the peroxide 

into these ions released energy, due to the formation of the water molecule, because the 

excessive energy released in this process increased the temperature at the surface of the 

composite, and thus increased the water repellence. This will create UV protective cover, 

in turn producing an invisible protection layer with highly hydrophobic properties. In this 

case when water contacts the ZnO-treated surface of the composite, its rolls off without 

penetrating (Sasani et al. 2017). 
 

Table 2. Comparison of the Flexural and Tensile Properties of the Best Sample 
(For 2% ZnO NPs with 4 layers)  
 

Properties 
For (2% 4 
layers) 

Before 
exposure 

After 
exposure:1 
months  

After 
exposure:2 
months  

After 
exposure:3 
months  

After 
exposure:4 
months  

After 
exposure:5 
months  

After 
exposure:6 
months  

Flexural 
strength 
(MPa) 

78.5 74.3 73 70 68.7 66.9 66.1 

Tensile 
strength 
(MPa) 

57.2 55.2 52.2 45.8 40.0 40.0 39.8 

 

Table 2 compares the flexural and tensile properties of the best sample (2% ZnO 

NPs with 4 layers). The flexural strength decreased by 4.2%, 5.5%, 8.5%, 9.8%, 11.6% 

and 12.4% for 1, 2, 3, 4, 5, and 6 months, respectively. In the early stages of the 

exposure, it reduces in the rate of decrease. This can be attributed to the stability provided 

by the ZnO NPs. The tensile results show a similar trend. This indicates that the fibre 

treatment improved the tensile and flexural strength stability. However, a study was 

conducted by (Faseha et al. 2014) on the treatment of kenaf with 3%, 6% and 9% NaOH 

solution. Their results showed that the treatment decreased the compatibility between the 

polymer matrix and kenaf fiber, resulting in significant reduction of the mechanical 

properties of polymer composites. 
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Fig. 10. Water uptake study of untreated and kenaf ZnO NPs treated composites 

 

The water uptake of untreated pure kenaf, kenaf composites untreated and kenaf 

composites treated with 1%, 2%, 3%, 4%, and 5% ZnO NPs. It can be seen from Fig. 10 

that the untreated pure kenaf and kenaf composites had the highest water uptake. The 

specimens of untreated pure kenaf, kenaf/matrix composites untreated, the water uptake 

was high. The water uptake increased sharply, indicating the rapid water penetration into 

the composite materials. However, after 12 to 13 days, the water uptake was slow, 

indicating that the tendency is less to absorb water as it was reaching the equilibrium 

state. Moreover, the absorption for the treated samples showed an interesting trend. The 

rate of water uptake was only high in the first three days of exposure. This was attributed 

to the ability of the ZnO NPs to provide UV blocking activity, making surface protective 

with more of hydrophobic. The difference in equilibrium time and water uptake can be 

attributed to the effect of treatment of kenaf with ZnO NPs, as the tendency toward water 

uptake was significantly decreased in comparison to that of untreated fibers at the same 

concentration. This was equally observed in the flexural strength and tensile strength.  

 

 

CONCLUSIONS 
 

The fabrication and characterization of the ZnO NP-treated kenaf polymer 

composites for weather resistance based on solar radiation assisted moisture repellent was 

successfully performed and characterised in terms of physical and mechanical properties.  

1. The addition of ZnO NPs to a polyester/kenaf composite influenced the mechanical 

properties that modified the mechanical properties of the processed materials and 

application, as well as the flexural strength and tensile strength of the material 

allowing the highest with the 4 layer kenaf mat with 73 MPa (2%) and 52 MPa (2% 

ZnO NP), respectively. This indicated that the nanoparticle treatment had a noticeable 

effect on the mechanical and subsequent physical properties of the composites at 

moderate treatment concentration.  
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2. The mechanical analysis showed an increased flexural strength stability and 

elongation at break in the functionalized ZnO NP-treated kenaf polyester resin 

composites with a decreased elongation at break from 4.5% to 2.5% for 4 layers (2% 

ZnO NP). 

3. The mechanical properties of the composites containing different layers of kenaf mat 

demonstrated influence on the polymer nanocomposites and the results of the 

weathering confirmed the stability of the polymer nanocomposites with increased 

stability with the treatment concentration of the 4 layer kenaf (2% ZnO NP). That 

formulation maintained the stability with no degradation after the first 3 months, 

showing a stable 73 MPa for the remaining exposure periods. 
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