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Abstract  

Deposition of biomass and waste plastics into the environment generates adverse consequences to humans. This research was 

investigated to compare the mechanical properties of groundnut shell flour (GSF) and date palm wood flour (DPWF) on recycled 

low-density polyethylene (RLDP) composite. The DPWF and GSF at 2-30 wt% were injected in RLDP by injection molding 

method, respectively. The two fibers were analyzed at four mesh sizes from 150-300 µm. The mechanical characteristics of the 

DPWF and GSF-RLDP composites analyzed were tensile strength (TST), tensile modulus (TMO), elongation (ELO), flexural 

strength (FST), flexural modulus (FMO) and Izod impact energy (IIME), respectively. Tensile and flexural properties of the 

composites were determined using tensometer of TUC-100 model and impact strength was studied by impact tester of LS102 DE 

model. At ultimate mechanical properties of the composites, FTIR and SEM analysis were conducted to reveal composites 

structural and morphological behaviours. The TST, TMO, FST, FMO, IIME of DPWF-RLDPE and GSF-RLDPE composites 

improved with addition of DPWF and GSF in RLDPE matrix with the exception of ELO for both properties, respectively. The 

results indicated that at 250 µm and 30 wt% of fibers in RLDPE matrix, DPWF-RLDPE composite yielded enhanced micro-

mechanical characteristics than GSF-RLDPE composite.  At this optimum size of the mixture, the TST, TMO, ELO, FST, FMO 

and IIMO were 9.56 MPa,, 7.55 %, 1.36 GPa, 46.66 MPa, 1.818 GPa, 1.819 GPa and 2 KJ/m for DPWF-LDPE composite, 

respectively. Furthermore, the GSF-RLDPE composite corresponded to 8, 50 MPa, 12.50 %, 0.94 GPa, 44.45 MPa, 0.84 GPa and 

1.21 KJ/m for TST, TMO, ELO, FST, FMO and IIME, respectively. DPWF exhibited explicit mechanical properties than GSF in 

RLDP matrix for this study as was justified in the result at optimum size of the filler. DPWF exhibits high mechanical properties 

of composites compared with GSF in RLDP matrix. The mechanical properties of the composites increase with increased filler 

content. High tensile and flexural properties were obtained at 250 µm and the impact strength was obtained at 300µm. The result 

of FTIR and SEM for this study justified the results of mechanical properties at optimum size and content of the filler. DPWF 

possesses good performance when compared with GSF in the production of composites of RLDP for structural and domestic 

uses. Hence reduces the environmental danger to human through waste disposal. The DPWF-RLDP composite is recommended 

to be applied in car parts than GSF-RLDP composite at optimum. 
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1. Introduction 

Materials used for the polymer composites are majorly non-metallic compounds called polymer which serves as 

matrix and enhance its performance by fiber or particulate filler which act as a reinforcement. Filler material may be 

synthetic or natural (Azeez et al., 2018). Synthetic filler encounters some set back such as: large mass to volume 

ratio, material and fabrication cost, corrosion of processing machines, etc. Natural fillers are the best option to 

cushion these flaws ((Dungani et al., 2016; Obasi, 2015; Government et al., 2019 (a-c)). The environment is 

saturated with polymer waste which constitutes hazard to the human and living organism. In order to reduce this 

waste in the surroundings and using it for more positive venture, the ideal of collecting it for manufacturing natural 
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filler composite surfaces. This will bring about clean environment, generated resource and improve the economy of 

the society at large (Atuanya et al., 2014; Government et al., 2013(a-b); Government et al., 2023(a-d)) as well as 

substitutes for metallic and synthetic fillers (ladadila et al., 2017: Turku et al., 2018). In this latest time, inorganic 

materials have been abandoning due to their shortcomings (Atuanya et al., 2014; Government et al.,2019 (c-f);  

Government et al.,, 2016(b); Government and Onukwuli, 2016(a)).  

 

Composites are formed by two or more substance whose characteristic of its end-product is unsimilar to their 

constituent’s substance (Atuanya et al., 2014; Government et al., 2013(b); Laadila et al., 2017). It is comprises of 

matrices, fillers and/or bonding agent. The matrices are either polymer, ceramic or metals. These help the composite 

to last long, improve appearance, withstand environment impact and dimension of final products (Azizah et al.,, 

2020; Rajak et al., 2019). Fillers are utilized for the manufacturing of polymer composite with improvement in the 

micro-mechanical behavior of its end-product (Government et al., 2019 (a-f); Government et al., 2020(a); 

Government et al., 2020(b); Reddy et al., 2013). The types of filler and the species are proportional to the properties 

of the composites (Atuanya et al., 2014; Bhandari et al., 2013; Fakhrul et al., 2013; Government et al., 2019(a-f)). 

Generally, composites have the following positive effects:  improve strength, flexural and tensile modulus, 

toughness, cost effective and heat resistance (Atuanya et al., 2014; Government et al., 2013(a-b);  Government et al., 

2019(a-f);  Reddy et al., 2013). 

 

Most research in this present time is aim to source for new fillers which can be used to substitute non-metal 

compound. Though, these fillers have a major drawback. These are large water absorption, heterogenous mixing due 

to the nature of polymers molecule, irregular particle size, cannot be applied at high temperature material, etc 

(Atuanya et al., 2014; Government et al., 2013(a-b)). Examples of natural fillers include oil palm-wood, date-palm-

wood, groundnut shell flour, periwinckle shell flour to mention few have been employed for composite production 

(Government et al. ,  2023(a-d); Government et al. ,  2022 ), but the effectiveness in composites and 

availability of these fillers remains area of concern which necessitated source for alternative of these natural fillers 

in composites.  

 

In Nigeria, there are huge deposited of groundnut shell predominantly in the nortern part of nigeria. The reminant of 

these cash crops can produced tons of fillers for additives for the production of polymer composites ( Government et al., 

2013(b); Atuanya et al., 2014; Government et al., 2022). Date palm commonly found in nortern part of Nigeria and few 

in the easter part of the country. The date are mainly consumed thereby ignore its timber which is a major producer of 

fillers in polymer industries (Government et al., 2021; Government et al., 2013(a); Azeez, 2019; Government et al., 

2023(a-d)). 

 

Nothwithstanding, earlier scholars have conducted limited work on the used recycled petrochemicals from plastic 

depositions in different wood as numerated by Homkhiew et al., (2014), ladadila et al., (2017), Turku et al., (2018) 

and Azeez (2019), but composite production and its usefulness for commercial purposes depends on most 

favourable properties like damping, dimensional stability, heat stability, permeability, stiffness, strength, toughness, 

heat distortion temperature and cost reduction (Turku et al., 2018), which can be determined by the optimum 

production conditions. In this research, comparing the effect of date palm wood fillers and groundnut shell fillers on 

the mechanical properties of recycled low-density polyethylene (RLDP) was evaluated and justified with use of 

FTIR and SEM analysis. This indicates the uniqueness of the composite with the best properties and minimize 

environment hazard posed by RLDP and fillers as waste for car and printer parts production. 

 2.0 Material and methods 

2.1. Fillers and RLDP used 

2.1.1. GSF processing 

The groundnut shell (GS) was obtained as a waste from Oba in Nsukka, Nigeria. The GSF was washed with 

deionized water to eliminate dusty particle, then sun-dried, crushed and grounded. The GSF was sieved with mesh 

of 150, 212, 250 and 300 µm.  

  

2.1.2.  DPWF processing 

Raw of date palm wood (DPW) fiber was obtained from the Department of  agriculture and soil sciences Laboratory 

vicinity, Nnamdi Azikiwe University, Awka, Nigeria. The wood was sun-dried, crushed and grounded. The DPWF 

was also sieved using 150, 212, 250 and 300 µm mesh.  
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2.1.3. Recycled low density polyethylene (RLDP) sourcing 

The RLDP was picked in Enugu municipal waste dump. The RLDP erased with clean water, dried in the sun and 

ground in form of pellets. 

 

2.2. RLDP composites 

The fillers were compounded with RLDP. The four meshes are applied for sieving operation. The fillers mixed at 2-

30 % by weight of the filler content, respectively. The different composite of both fillers were produced using 

injection moulding machine and cut into size as presented in Figure 1 (a) and (b) for DPWF-RLDP and GSF-RLDP 

composite, respectively. The moulding machine has MODEL HUICHON/5SON10/500.1000. No. 6241 1990-6. The 

composites production was carried at Olikaeze factory at Awada Onitsha Anambra State. 

 

       
(a)                (b) 

Figure 1: Produced composites of (a) DPWF-RLDP and (b) GSF-RLDP 

2.2.1. Testing of Tensile Properties on Specimen 

The analysis was done using tensometer with model TUC-100 on the specimens cut into a size of 3 mm x 12.5 mm x 

60 mm at a crosshead speed of 5mm/min. The tensile properties of tensile strength, modulus and elongation were 

determined as outputs of tensile testing.  

  

2.2.2. Testing of Flexural Properties on Specimen 

The equipment used is the same as the one used for tensile testing. The sizes used were 3 mm x 40 mm x 140 mm on 

3-bending. The test was halt when failure occurred. The equipment electronically printed out the flexural strength 

and modulus. 

 

2.2.3. Testing of Izod Notch Impact on Specimen 

Izod notch impact test was analyzed using impact tester machine (model number LS102 DE). The dimension used 

was 3 mm × 10 mm×55 mm (ASTM D256). The energy absorbed was calculated after the sample was struck. The 

Impact and other mechanical testing were  all done at Standard Organisation of Nigeria, Emene Enugu. 

 

2.2.4. Statistical analysis 

The statistical analysis described by Government et al., (2021), (2022), (2023(a. c, d)) was conducted using Design 

Expert Version 7.0 with bivariate correlations between RLDP composites of GSF and DPWF. The Pearson’s 

correlation coefficient test was determined with significance of inferior of p-value of 0.05. 

                                                                                    

2.2.5. FTIR Test  

The equipment used was FTIR SYSTEM Spectrum, model number. BX. 100mg of potassium bromide salt and 8mg 

of each of the composite samples were weighed. The sample was ground   uniformly with potassium bromide salt to 

a mixture. The homogeneous blend of the mixture was placed inside the FTIR spectrometer and processed at a 

wavelength of 350 – 4000nm. The spectral was displayed at 10 seconds interval. The results were collected to 

estimate the structural characteristic in the composites. This analysis was examined at University of Ibadan Central 

Laboratory. Oyo State. 

  

2.2.6. SEM analysis 

The sample was charged into the machine. The equipment used was scanning element microscope model PHENOM 

Pro X. The SEM micrographs were displayed after 5 seconds as an output in the computer. This examination was 

tested at National Research Institute for Chemical Technology, Zaria, Kaduna State 
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3.0 Results and Discussions 

3.1 Effect of Filler Content on the Properties 

 

3.1.1. Tensile strength 

Figure 2 shows the effect of filler content of GSF and DPWF at 150, 212, 250 and 300 µm on tensile strength of the 

RLDP composites. It can be deduced that the tensile strength of RLDP composites of DPWF are more than that of 

GSF at different mesh particle size. DPWF decreased the tensile strength of RLDP composites from 9.85 to 9.48 

MPa, 9.89 to 951 MPa, 9.95 to 9.56 MPa and 9.88 to 8.5MPa, while that of GSF decreased from 8.56 to 8.20 MPa, 

8.85 to 8.4 MPa, 8.92 to 8.5 MPa and 8.59 to 8.25 MPa for mesh particle size of 150, 212, 250 and 300 µm, 

respectively. DPWF and GSF reduced the tensile strength of the RLDP composites at increased in filler content. 

This indicates DPWF and GSF are non-reinforcing fillers. This is similar to report in literature (Atuanya et al., 2014; 

Government et al., 2019(a-f); Government and Onukwuli, 2016(a); Tisserat et al., 2014). It can be seen that there is 

no significant difference in tensile strength of RLDP composites at increased mesh particle size of the fillers from 

150-300 µm as well that of GSF since p>0.05, whereas significant reduction in tensile strength of the RLDP 

composites of GSF by about 15.25 % with p < 0.05 was obtained when compared with RLDP composites of DPWF 

at increased mesh particle size for rag of 150-300 µm. The feeble chemical contact of DPWF and GSF on the plastic 

is attributed to non-reinforcing property of DPWF and GSF (Atuanya et al., 2014; Government et al., 2019(a-f): 

Government and Onukwuli, 2016(a); Tisserat et al., 2014). Prior scholarly works have exhibited close results 

(Atuanya et al., 2014; Government et al., 2019(a-f): Government and Onukwuli, 2016(a); Tisserat et al., 2014). This 

means reinforcing nature may depend on type of fillers and not mesh particle size.  

 

 

 
 

 

 

3.1.2. Tensile elongation 

Tensile elongation for RLDP composites of DPWF and GSF at mesh particle size of 150, 212, 250 and 300 µm are 

shown in Figure 3. Reduction in tensile elongation of RLDP matrix as waste polymeric material with addition of 

filler content of DPWF and GSF was experienced at different mesh particle size. The attribution for this occurrence 

is the reduction of ductile nature of RLDP when lignocelluloses were added (Atuanya et al,, 2014). The elongation 

of DPWF dwindled from 10.50 to 6.70 %, while that of GSF drop off from 14.85 to 12.60 % at 150 µm. At 212 µm, 

the DPWF reduced from 10.80 to 75.35 %, while that of GSF reduced from 15 to 12.60 %. At 250 µm, DPWF 

reduced from 10.90 to 7.55 %, while that of GSF shrink from 15.50 to 12.70%. At 300 µm, the DPWF reduced from 

10.70 to 6.80 %, while that of GSF reduced from 14.95 to 12.58 %. This toe the path of existing authors {Atuanya et 

al., 2014; Government et al., 2019(a-f): Government and Onukwuli, 2016(a); Government et al., 2018; Homikliew 

2014: Obasi, 2015; Rajak et al., 2019; Government et al., 2023(a-d)).  
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Figure 2: Tensile strength of DPWF-RLDP and GSF-RLDP composites
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3.1.3. Tensile modulus 

Figure 4 shows the filler content variation on the tensile modulus of DPWF and GSF at different mesh particle size 

of 150, 212, 250 and 300 µm. The incorporation of DPWF and GSF found to boost the tensile modulus of RLDP 

matrix, respectively. The increase in the filler content of increased the tensile modulus of RLDP composites, but 

with no significant difference in term of mesh particle size of 150, 212, 250 and 300 µm since p>0.05. This is as a 

result of stiffness incurred during addition of organic particulates (Homikliew 2014: Obasi, 2015; Rajak et al., 2019; 

Government et al., 2023(a-d)). There is significant difference in tensile modulus between the RLDP composites of 

DPWF and GSF with increased filler content at the same mesh particle size of fillers since p<0.05. At 150 µm, the 

tensile modulus of RLDP composites of DPWF increased from 0.83 to 1.28 GPa, while that of GSF enlarged from 

0.45 to 0.80 GPa. At 212 µm, the tensile modulus for RLDP composites of DPWF increased from 0.85 to 1.32 GPa, 

while that of GSF increased from 0.54 to 0.92 GPa. At 250 µm, the tensile modulus for RLDP composites of DPWF 

increased from 0.88 to 1.36 GPa, while that of GSF increased from 0.56 to 0.94 GPa. At 300 µm, the tensile 

modulus for RLDP composites of DPWF increased from 0.84 to 1.30 GPa, while that of GSF increased from 0.48 to 

0.82 GPa. This means DPWF makes significant improvement in tensile modulus of RLDP composites compared 

with GSF irrespective of mesh particle size. The later works highlighted comparable outcome (Atuanya et al., 2014; 

Turku et al., 2018; Government et al., 2019(a-f): Government and Onukwuli, 2016(a): Government et al., 2018; 

Homikliew 2014: Obasi, 2015; Rajak et al., 2019; Government et al., 2023(a-d)). 
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Figure 3: Tensile elongation of DPWF- RLDP and GSF-RLDP composites
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3.1.4. Flexural strength 

The impact of filler content on the flexural strength of DPWF and GSF at 150, 212, 250 and 300 µm particle sizes 

was addressed in Figure 5. This described that an augment of flexural strength was heavily influenced by adding 

natural organic filler. The flexural strength of RLDP matrix was increased by incorporation of DPWF and GSF. 

Based on mesh particle sizes of DPWF and GSF, there is no significant improvement in flexural strength of the 

composites. The flexural strength of RLDP composites of DPWF found to be higher significantly than that of GSF 

(p<0.05) at increased filler content of 2-30 %. RLDP composites of DPWF increased the flexural strength from 

42.95 to 45.80 MPa, while that of GSF increased from 40.12 to 42.35 MPa at 150 µm. At 212 µm, RLDP 

composites of DPWF increased the flexural strength from 43.30 to 46.55 MPa, while that of GSF increased from 

40.60 to 43.60 MPa. At 250 µm, flexural strength of RLDP composites of DPWF increased from 43.63 to 46.66 

MPa, while that of GSF increased from 40.86 to 44.45 MPa. At 300 µm, the DPWF increased the flexural strength 

of RLDP composites from 43.02 to 45.93 MPa, while that of GSF increased from 40.36 to 43.63 MPa. Researchers 

have reported close proximity to these results (Atuanya et al., 2014; Government et al., 2019(a-f); Government and 

Onukwuli, 2016(a); Government et al., 2018; Homikliew 2014: Obasi, 2015; Rajak et al., 22019; Government et al., 

2016 (b)).  

 

 
3.1.5. Flexural modulus 

The variance of filler content on the flexural modulus of RLDP composites at particle sizes of 150,212, 250 and 300 

µm are shown in Figure 6.  

 

 
This explained that with the increase in filler content, the flexural modulus significantly increased (p<0.05), but 

insignificantly difference at 212, 250 and 300 µm particle sizes due to inferior p-values of 0.05. At 150 µm, the 

flexural modulus of RLDP composites of DPWF increased from 0.6 to 1.08 GPa, while that of GSF increased from 

0.36 to 0.75 GPa. At 212 µm, DPWF increased the flexural modulus of RLDP composites from 0.63 to 1.16 GPa, 

while that of GSF increased from 0.38 to 0.78 GPa. At 250 µm, flexural modulus of RLDP composites increased 
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Figure 5: Flexural strength of DPWF-RLDP and GSF-RLDP composites
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from 0.66 to 1.18 GPa, by incorporation of DPWF compared with GSF which increases from 0.40 to 0.82 GPa. At 

300 µm, flexural modulus of RLDP composites of DPWF increased from 0.62 to 1.13 GPa, while that of GSF 

increased from 0.37 to 0.76 GPa. This is in accordance with many researches (Atuanya et al., 2014; Government et 

al., 2019(a-f); Government and Onukwuli, 2016(a); Government et al., 2018; Homikliew 2014; Obasi, 2015; Rajak 

et al., 2019; Laadila et al., 2017). 

 

3.1.6. Impact strength 

The influence of filler content and mesh particle sizes on the Izod notched impact energy of DPW and GSF are 

revealed in Figure 7. This depict that the impact energy was significantly increased by injecting fillers (DPWF and 

GSF) in RLDP matrix at increased filler content of 2-30 % for 212, 250 and 300 µm particle sizes (p<0.05) while 

the increase in impact energy with increased mesh particle sizes was found to be insignificant due to superior p-

values of 0.05. The increased in impact energy may be as a result of improved pores formation, composition of 

filler, and good interaction between the filler and RLDP matrix as reported in literature (Government et al., 2021)/. 

It can be deduced that DPWF influenced impact energy just as tensile modulus and flexural properties of RLDP 

composites at increased fillers content. At mesh particle size of 150 µm, the impact energy of RLDP composites of 

DPWF increased from 1.45 to 1.92  KJ/m, while that of GSF increased from 1.16 to 1.53 KJ/m. At 212 µm, RLDP 

matrix enhanced impact energy by addition of DPWF from 1.48 to 1.97 KJ/m while that of GSF increased from 1.18 

to 1.59 KJ/m. Also, DPWF increased the impact energy of RLDP composites from 1.51 to 2.00 KJ/m, while that of 

GSF increased from 1.21 to 1.20 KJ/m. also impact energy of RLDP composites increases from 1.56 to 2.06 KJ/m 

with increased DPWF content from 2-30 %, while that of GSF increased from 1.25 to 1.65 KJ/m at 300 µm. This 

means that larger force is needed for impact failure as filler weight increases. Generally, DPWF is harder filler than 

GSF in the RLDP. This supports the results of other research (Atuanya et al., 2014; Government et al., 2019(a-f); 

Government and Onukwuli, 2016(a); Government et al., 2018; Homikliew 2014; Obasi, 2015; Rajak et al., 2019; 

Government et al., 2021; Government et al., 2022). This means the use of DPWF-RLDP composites can be efficient 

and employs in printer parts and automobile applications.  

 

 
 

3.2 FTIR of the composite 

Figure 8 shows FTIR spectra of RLDP matrix, DPWF-RLDP and GSF-RLDP composites at 30 % filler content for 

300 µm. The wave numbers which corroborates the functional groups were obtained in the FTIR spectra diary 

(Oushabi et al., 2017). There is disappearance of wave numbers which represent the absorption peaks in RLDP 

matrix as well as variation in transmittance as shown in Figure 8(a) and resulted to formation of composites in 

Figure 8(b) and Figure 8(c). It was observed that the peak at 3441.42-3440 cm-1 confirmed -OH group. The 

characteristic of the peak at 2931.42cm-1 indicated the presence of C-H (alkane). The peak at 2360 cm-1 (variable) 

stretching bond is associated of CoN (nitrile). The peak at 1623.83-1618.13 cm-1 (medium) bending bond depicts C-

N (amine). The peak at 1472.79-1455.69 cm-1 (variable) scissoring and bending bond exposed of C-H (alkane). The 

peak at 1116.58 cm-1 (strong) stretching bond formed of C-O (ester). The peak at 1022.53-675 cm-1 (strong) bending 

bond inferred C=H (alkene). The peak at 600.77 cm-1 (broad) bending bond is proportional to C≡H (alkyne). The 

wave at 500-300 cm-1 (strong) bending bond is consigned with C-I (alkyl halide). It was observed that in Figure 8(b) 

and Figure 8(c), there are changes in position of the function groups in the peaks. There is formation of esters group 
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in DPWF-RLDP composites was not found in the GSF-RLDP composites. This is due to the difference in 

constituents of date palm and groundnut shell fillers used in composites. Peculiar condition was adopted by previous 

authors (Oushabi et al., 2017; Ikramullah et al., 2018). 

 

 

 
                                                                                                   

Figure 8: FTIR spectra of (a) RLDP matrix (b) DPWF-RLDP (c) GSF-RLDP composites at 30% filler 

content. 

a 
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3.3. SEM of the composite 

Figure 9(a) and 9(b) shows the SEM micrographs of the DPWF-RLDP and GSF-RLDP composites, respectively. 

These micrographs show that the addition of GSF and DPWF to the RLDP matrix results to the filler/polymer 

morphology, which shows how the fillers are dispersed in the RLDP matrix, respectively, which may be due to poor 

mixing between the fillers and the matrix. From the micrographs, there are more of the fillers in Figure 9 (a) that did 

not fill up in the polymer matrix than that of Figure 9(b). From the SEM analysis, the DPWF disperses more in the 

RLDP matrix which portray an improved property than that of GSF. The defects were indicated with arrows on the 

SEM micrograph images for both Figure 9(a) and 9(b). Figure 9(b) showed much concentrations of low inter-

compatibility between GSF and RLDP matrix. This mighy be as results of low cellulosic strength of the GSF which 

cteates weak bonding of GSF-RLDP composite. Furthermore, as can be traced in Figure 9(a) by the arrows on 

micrograph of DPWF-RLDP composite. The observation of the concentration for the compatibility interms of 

DPWF and RLDP matrrix is averagely minimal. This is due to better strength of the cellusic nature of DPWF in 

RDPF resin which ultimately beefed up DPWF-RLDP composite properties. Then GSF-RLDP composite.  

Concurrent trends was noticed in literature (Bhandari et al., 2013; Oushabi et al., 2017; Government et al., 2019(a, 

c-f): Government and Onukwuli, 2016(a); Government et al., 2018; Homikliew 2014: Obasi, 2015; Rajak et al., 

2019). 

 

 

 
 

Figure 9: SEM of Composites (a) DPWF-RLDP (b) GSF-RLDP  

 

  

 

a 

b 
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4.0. Conclusion  

 In this research, the effectiveness of two different organic fillers (DPWF and GSF) have been investigated on waste 

plastic (RLDP) for production of composites. The uniqueness of the two composites was determined by 

characterization of mechanical properties which FTIR and SEM test. The mesh particle sizes of DPWF and GSF 

were insignificantly influenced mechanical properties of composites while the filler content increased the tensile 

modulus, flexural properties and impact energy but reduced the tensile strength and elongation. The superiority of 

performance of RLDP composites of DPWF compared with that of GSF corroborates with FTIR and SEM results. 

Hence, the favourable properties of RLDP composites of DPWF determined its applications, especially in 

automobile and printer parts products at optimum process condition. 

 

5.0 Recommendation 

The composites produced from this study can be applied as alternative engineering materials for automobile and 

printer parts components. 

.   

References 

Atuanya, C. U., Government, M. R., Nwobi-Okoye, C. C., & Onukwuli, O. D. 2014. Predicting the mechanical 

properties of date palm wood fibre-recycled low density polyethylene composite using artificial neural 

network. International Journal of Mechanical and Materials Engineering, 9(1), 1–20. 

https://doi.org/10.1186/s40712-014-0007-6 

Azeez, T. O. 2019. Thermoplastic recycling: properties, modifications, and applications. in polymer recycling (pp. 

1–19). Rijeka, Croatia: InTech Open. https://doi.org/http://dx.doi.org/10.5772/intechopen.81614 

Azeez, T. O., Onukwuli, O. D., Walter, P. E., & Menkiti, M. C. 2018. Influence of chemical surface modifications 

on mechanical properties of combretum dolichopetalum fiber-high density polyethylene (HDPE) composites. 

Pakistan Journal of Scientific and Industrial Research Series A: Physical Sciences, 61A(1), 28–34. 

Azizah, A. B., Rozman, H. D., Azniwati, A. A., & Tay, G. S. 2020. The effect of filler loading and silane treatment 

on kenaf core reinforced polyurethane composites: mechanical and thermal properties. Journal of Polymers 

and the Environment, 28(2), 517–531. https://doi.org/10.1007/s10924-019-01623-8 

Bhandari, N. L., Thomas, S., Das, C. K., & Adhikari, R. 2013. Analysis of morphological and mechanical behaviors 

of bamboo flour reinforced polypropylene composites. Nepal Journal of Science and Technology, 13(1), 95–

100. https://doi.org/10.3126/njst.v13i1.7447 

Dungani, R., Karina, M., Subyakto, Sulaeman, A., Hermawan, D., & Hadiyane, A. 2016. Agricultural waste fibers 

towards sustainability and advanced utilization: A review. Asian Journal of Plant Sciences, 15(1–2), 42–55. 

https://doi.org/10.3923/ajps.2016.42.55 

Fakhrul, T., Mahbub, R., & Islam, M. A. 2013. Properties of wood sawdust and wheat flour reinforced 

polypropylene composites fakhrul, Mahbub and Islam. Journal of Modern Science and Technology, 1(1), 135–

148. 

Government, R. M., Agu, O. S., & Olowokere, J. A. 2019(a). The use of flame of forest pod flour in high density.  

Acta Technica Corviniensis – Bulletin of Engineering Tome XII | Fascicule 1 [January – March] (8889), 11–

14. 

Government, R. M., Okeke, E. T.,Thaddaeus, J., Ani, A. K., & Onukwuli, O. D. 2021. Optimization of flexural and 

impact properties of r-LDPE-DPWF composite for printer parts production. Materials Testing, 63(4), 373-376. 

Government, R., Olowokere, J., Odineze, C., Anidobu, C., Yerima, E., & Nnaemeka, B. 2019(b). Influence of 

soaking time and sodium hydroxide concentration on the chemical composition of treated mango seed shell 

flour for composite application. Journal of Applied Sciences and Environmental Management, 23(1), 21-28. 

https://doi.org/10.4314/jasem.v23i1.3 

Government, R.M and Onukwuli, O.D. 2016(a). Effect of chemical treatment of avocado wood flour (awf) on the 

properties of high density polyethylene (HDPE) for the production of natural filler polymer composites, 

IJISET-International Journal of Innovative Science, Engineering & Technology, 3(2), 627–639. Retrieved 

from www.ijiset.com 

Government, R. M., Okeke, E. T., Ibrahim, I. A., & Onukwuli, O. D. 2022. Modeling and simulation of tensile 

properties of r-LDPE/GSF composite using the response surface methododology. Materialpruefung/Materials 

Testing, 64(3), 446–454 https://doi.org/10.1515/mt-2021-2109. 

Government, R. M. & Okeke, E.T. 2023(a). Elastic-characteristics of recycled low-density-polyethylene-date 

palmwood composite by response surface methodology optimization process for structural application. 

UNIZIK Journal of Engineering and Applied Sciences, 2(2), 358-368. 

Government, R. M., and Ngabea, S. A. 2023(b). Effect of particle size and filler content on mechanical properties of 



386  Government and Ngabea/ UNIZIK Journal of Engineering and Applied Sciences 2(3), 376-387 

 

avocado wood flour-low density polyethylene composite. Journal of Applied Science, Environment and 

Management,  27 (10), 2303-2313. 

Government, R. M., and Ngabea, S. A. 2023(c). Optimization of tensile, hardness and water absorption 

characteristics of pre-treated APWF-LDPE composite using central composite design.  Journal of Engineering 

for Development,  15(3), 36-55. 

Government, R. M., and Ngabea, S. A. 2023(d). Optimization of process parameters on the flexural and impact 

properties of GSF-R-LDPE composite for television appliance parts.  journal of engineering for development,  

15(3), 56-74. 

Government, R M, Onukwuli, O. D., Atuanya, C. U., Nkuzinna, C. O., & Aliozo, S. O. 2013(a). Modeling and 

statistical analysis of ultimate tensile strength ldpe / date palm wood flour composites. International Journal 

of Multidisciplinary Sciences and Engineering, 4(9), 40–43. 

Government,  R. M., Onukwuli O. D., Atuanya C. U., Obiora-Okafo I.A., Aliozo S.O. and Ohaa N.V. 2013(b). 

Modeling and statistical analysis of ultimate tensile strength LDPE- groundnut shell flour composites. 

International Journal of Multidisciplinary Sciences and Engineering, 4(10),  21–24. 

Government, R. M., Onyekwere O. S., & Agu, O. S.. 2016(b). Optimisation Studies on the Mechanical Properties of 

Neem Bark Flour-Filled High Density Polyethylene Composites Using Central Composite Design, 

International Journal of Advanced Research, 4(5), 155–166. https://doi.org/10.21474/ijar01/494 

Government, Rabboni Mike, Ani, K. A., Azeez, T. O., & Onukwuli, O. D. 2019 (c) . Effects of the chemical 

treatment of avocado pear wood filler on the properties of LDPE composites.  Materialpruefung/Materials 

Testing, 6(12), 1209–1214. https://doi.org/10.3139/120.111441 

Government, R. M., Okeke, E. T., Odera, R. S., Ani, A. K., Thaddaeus, J., & Ikechukwu, N. B. 2020(a). 

Significance of alkaline treatment on the composition of mango seed shell fiber for polymer composite 

application. Indian Journal of Science and Technology, (3), 2168–2174. 

Government, R.M., Omukwuli, O.D.  & Azeez, T. O. 2019 (d). Optimization and characterization of the properties 

of treated avocado wood flour-linear low density polyethylene composites. Alexandria Engineering Journal, 

58(3), 891–899. https://doi.org/10.1016/j.aej.2019.08.004 

Government, R.M,, Thaddaeus J., Anidobu C. O., Agu  O. S., Ohaa N. V., Onukwuli. O. D. 2019 (e). The effect of  

particle size distribution on the mechanical properties of DPF And GNSF-recycled low density polyethylene 

composites. FUW Trends in Science & Technology Journal, e-ISSN: 24085162; p-ISSN:  20485170; 4(3), 

896–900. 

Government, R M.., Agu O. S., Anidobu S. O., Ohaa N. V., Nnaemeka B. I., Thaddaeus. J. 2019(f). The utilization 

of mango seed shell flour as reinforcing material for polypropylene composite. FUW Trends in Science & 

Technology Journal, e-ISSN: 24085162; p-ISSN: 20485170;  4(1), 232–235. 

Government, R.M., Onukwuli O.D. and Ani A.K. 2018. Chemically Treated Avocado Wood Flour -LLDPE 

Composite. Usak University Journal of Material Sciences, 6(1–2), 27–40. 

https://doi.org/10.12748/uujms.2018.44 

Government, R. M., Thaddaeus J., Okeke E. T., Ani A. K.., & Apake, D. D. 2020(b). Optimizing the Cellulose 

Content of Shea Butter Bark Wood Fibre through Alkali Pretreatment for Composite Application. 13(1), 384–

399. https://doi.org/10.17485/ijst/2020/v13i04/147288 

Homkhiew, C., Ratanawilai, T., & Thongruang, W. 2014. Optimizing the formulation of polypropylene and 

rubberwood flour composites for moisture resistance by mixture design. Journal of Reinforced Plastics and 

Composites, 33(9), 810–823. https://doi.org/10.1177/0731684413518362 

Ikramullah, Rizal, S., Thalib, S., & Huzni, S. 2018. Hemicellulose and lignin removal on typha fiber by alkali 

treatment. IOP Conference Series: Materials Science and Engineering. 352(1), 1-7.. 

https://doi.org/10.1088/1757-899X/352/1/012019 

Laadila, M. A., Hegde, K., Rouissi, T., Brar, S. K., Galvez, R., Sorelli, L., Cheikh, R. B., Paiva, M.,  Abokitse, K. 

2017. Green synthesis of novel biocomposites from treated cellulosic fibers and recycled bio-plastic polylactic 

acid. Journal of Cleaner Production, 164, 575–586. https://doi.org/10.1016/j.jclepro.2017.06.235 

Obasi, H. C. 2015. Peanut Husk Filled Polyethylene Composites: Effects of Filler Content and Compatibilizer on 

Properties. Journal of Polymers, 2015, 1–9. https://doi.org/10.1155/2015/189289 

Oushabi, A., Sair, S., Oudrhiri Hassani, F., Abboud, Y., Tanane, O., & El Bouari, A. 2017. The effect of alkali 

treatment on mechanical, morphological and thermal properties of date palm fibers (DPFs): Study of the 

interface of DPF–Polyurethane composite. South African Journal of Chemical Engineering, 23, 116–123. 

https://doi.org/10.1016/j.sajce.2017.04.005 

Rajak, D. K., Pagar, D. D., Menezes, P. L., & Linul, E. 2019. Fiber-reinforced polymer composites: Manufacturing, 

properties, and applications. Polymers, 11(10), 1-37. https://doi.org/10.3390/polym11101667 



Government and Ngabea/ UNIZIK Journal of Engineering and Applied Sciences 2(3), 376-387       387 

 

 
 

Reddy, K. O., Reddy, K. R. N., Zhang, J., Zhang, J., & Varada Rajulu, A. 2013. Effect of Alkali Treatment on the 

Properties of Century Fiber. Journal of Natural Fibers, 10(3), 282–296. 

https://doi.org/10.1080/15440478.2013.800812 

Tisserat, B., Reifschneider, L., Grewell, D., & Srinivasan, G. 2014. Effect of particle size, coupling agent and 

DDGS additions on Paulownia wood polypropylene composites. Journal of Reinforced Plastics and 

Composites, 33(14), 1279–1293. https://doi.org/10.1177/0731684414521886 

Turku, I., Kärki, T., & Puurtinen, A. 2018. Durability of wood plastic composites manufactured from recycled 

plastic. Heliyon, 4(3), 1–20. https://doi.org/10.1016/j.heliyon.2018.e00559 

 

 

 

 

 

 

 

 

 

  

 


