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Wood plastic composites (WPCs) were produced from recycled 
polypropylene (RPP) matrix, giant reed (GR) flour, and magnesium oxide 
nanoparticles (nano-MgO). The physical, mechanical, and thermal 
properties were analyzed. Different amounts of GR flour from 10 wt% to 40 
wt%, and nano-MgO from 1.0 wt% to 2 wt% were added into the RPP 
matrix. The water resistance, mechanical, and thermal properties of the 
injection molded WPCs were determined according to the ISO standards. 
The bending and tensile modulus of the WPCs were considerably 
enhanced with the addition of the GR flour up to 40 wt%, while this was 
found to be maximum at 30 wt% for the bending and tensile strengths. The 
water absorption of the WPCs increased with the addition of the GR flour, 
as expected. The results of thermal analysis revealed that the addition of 
the GR flour increased the thermal stability of the WPCs, especially the 
degree of crystallization and the melting enthalpies of the RPP matrix, due 
to the good adhesion between the GR flour and the RPP. The incorporation 
of the nano-MgO affected adversely the mechanical properties of the 
WPCs. Lower thermal stability was observed for WPCs containing nano-
MgO. The inclusion of 30 wt% GR flour in the RPP matrix gave the best 
mechanical and thermal properties. 
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INTRODUCTION 
 

Arundo donax L., also known as the giant reed (GR), has been spreading unchecked 

in many parts of the world. In particular, the International Union for the Conservation of 

Nature has ranked giant reed (Fig. 1) as one of the 100 most dangerous invasive species in 

the world (Suárez et al. 2021). This can be attributed to its rapid growth, its pyrophoric 

nature, and the contribution it makes to spreading fire. The GR plant is adaptable to 

different climatic conditions and is easy to grow. It can yield very high biomass per unit 
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area because it can be harvested every year. It is widely distributed in Mediterranean 

countries and is a perennial plant species that can grow in different ecological conditions. 

The giant reed is a suitable crop for the purpose of the energy production due to the high 

biomass yield that is capable of reaching 37.7 tonnes of dry matter per hectare per year 

(Angelini  et al. 2009). The adult stem is hollow and about 2 cm in diameter. The leaves, 

which can grow up to 60 cm, are 2 to 6 cm wide (Monteiro et al. 2015). When suitable 

climatic and growing conditions occur, it can be harvested between 7 and 12 months 

(Arslan and Șahin 2014). Because it has a hollow structure like bamboo, it can be used for 

various purposes, such as tomato and bean poles in greenhouses, roofing, partition walls, 

etc., in village houses. The high cellulose content of the GR plant and its fibrous properties 

are similar to those of hardwoods. Thus it can be used as an alternative lignocellulosic raw 

material to wood, and it is valuable for the wood-plastic composites (WPC) industry 

(Arslan and Șahin 2014). 

Although the GR plant is an herbaceous plant, its chemical structure consists of 

holocelluloses (cellulose, hemicellulose), lignin, and extractives. The main components of 

the GR are similar to those of the wood. The amount of these constituents ranges between 

tree species. The proportions for wood are 40 to 50 wt% cellulose, 20 to 30 wt% lignin, 

and 25 wt% to 35 wt% hemicellulose (Ayrilmis and Ashori 2014; Ayrılmıs et al. 2024; 

Palaniappan et al. 2024). The amounts of the cellulose, hemicellulose, and lignin of the GR 

have been reported as 40 to 45 wt%, 20 to 25 wt%, and 20 to 25 wt%, respectively (Licursi 

et al. 2015). The GR plant contains less cellulose and lignin but it contains a proportion of 

extractives (Arslan and Șahİn 2014). The average fiber length and width of coniferous 

wood is 3.3 mm and 33 µm, respectively, whereas the average fiber length and width of 

hardwood is 1 mm and 20 µm, respectively (Lilholt and Lawther 2000). In contrast, the 

fiber length and width of the GR plant are approximately 1.2 mm and 17 µm, respectively 

(Arslan and Șahİn 2014). In terms of fiber properties, the GR plant fibers are like hardwood 

fibers. Based on the literature, alternative lignocellulosic sources, such as annual plants, 

agricultural crops, and dangerous invasive species, have been investigated as fillers in 

thermoplastic composites due to the annual decrease in wood raw material. Many countries 

are focusing on the use of their own indigenous plant fibers as an alternative to wood in 

the production of the WPC. The effects of different lignocellulosic sources on the 

properties of synthetic thermoplastics have been extensively studied, for example, kenaf 

fibers (Pan et al. 2007), sisal (Alvarez et al. 2003), bamboo (Meng et al. 2023), jute 

(Plackett et al. 2003), walnut shell (Ayrilmis et al. 2013), sunflower stalk (Kaymakcı et al. 

2013), and waste paper (Huda et al. 2005). In many of these studies, the addition of 

lignocellulosic fillers to thermoplastics was found to significantly increase the tensile and 

flexural modulus of elasticity because the modulus of lignocellulosic materials, such as 

wood, flax, and hemp, is higher than that of many thermoplastics such as HDPE and 

polypropylene. Moreover, bending strength of thermoplastics filled with lignocellulosics 

increased to some extent, while impact strength is reduced (Feng and Xie 2021; Sumesh et 

al. 2024).   

Recently, high value-added metal oxides, such as zinc oxide, magnesium oxide, 

titanium oxide, and silicon dioxide, have been incorporated into various types of 

thermoplastics to impart specific properties such as good thermal stability and strength 

properties (Huda et al. 2005; Kiaei et al. 2017; Mashkour and Ranjbar 2018; Basalp et al. 

2020; Feng and Xie 2021; Durmaz et al. 2023). Of these metal oxides, magnesium oxide 

(MgO) nanoparticles, have recently attracted attention as an environmentally friendly, 

economical, and industrially valuable material (Kiaei et al. 2017). MgO is an inorganic 
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material with a molecular weight of 40.31 g/mol and a density of 3.58 g/cm3 (Hornak 2021). 

The most important properties of the nano-MgO are structural strength, chemical stability, 

biological durability, fire resistance, dielectric strength, and optical transparency (Kiaei et 

al. 2017; Hornak 2021; Gatou et al. 2024). MgO, a crystalline mineral, is used in a wide 

range of applications, such as adsorbents, fire retardants, advanced ceramics, toxic waste 

remediation, photoelectronic materials, and refractory materials (Kiaei et al. 2017; 

Adhikari et al. 2021; Hornak 2021; Gatou et al. 2024). 

A literature review revealed that although some of the technological properties of 

paper, wood-based panels, and polymer composites containing GR plant have been 

previously investigated (Shatalov and Pereira 2006; García-Ortuño et al. 2011; Fiore et al. 

2014; Ramos et al. 2018; Suárez et al. 2022, 2024), the combined effect of the GR flour 

and nanofillers, in particular nano metal oxides, on the thermoplastic composites has not 

yet been investigated. This study aimed to improve the mechanical and thermal properties 

of thermoplastic WPCs filled with GR flour and the nano-MgO. The main properties, such 

as bending and tensile behavior, thermal stability, and water absorption, of the WPCs were 

investigated. 

 

 

EXPERIMENTAL 
 
Materials 

The GR plants with lengths ranging from 1.0 m to 1.5 m and diameters averaging 

2 cm were kindly supplied from Aegean Forestry Research Institute, Izmir, Turkey. First, 

the reeds were turned into coarse chips in a laboratory type using a laboratory type chipper 

machine with three knives. Following this process, the chips were laid on plastic cloth for 

about a week and allowed to reduce their moisture content. The chips were ground in a 

laboratory type mill to turn them into particles for the WPC production. The small reed 

particles were sieved for 10 min, and the particles passing through the 0.237-mm sieve 

openings were used in the experiments. Before the compounding process, the particles 

were dried to less than 1% moisture content at 100 °C for 3 h. 

 

 

Fig. 1. Giant reed (GR) (Arundo donax L.) samples 
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The RPP matrix was purchased from a plastic recycling company (Eforkim 

Company Istanbul, Turkey). It had a melt flow index (MFI) of 6.54 g / 10 min (2.16 kg / 

230 °C) and a density of 0.90 g/cm3. Nano-MgO with a specific surface area of 126 m2/g 

was supplied by Grafen Nanotechnology Company, Ankara, Turkey. The average 

crystallite size of the nano-MgO was 25 nm. It was in disc form with a diameter of 40 nm 

to 60 nm and thickness of 5 nm. 

 

Preparation of Injection Molded Polymer Composites 
The required amounts of the reed particles, nano-MgO, and RPP granules of each 

formulation were mixed according to Table 1. Before compounding in the extruder, the 

raw materials were uniformly pre-mixed. The mixture was fed into the volumetric feeder 

of the co-rotating twin screw extruder. The heating temperature in the extruder barrel from 

the inlet to the exit was between 180 and 190 °C at a screw speed of 40 rpm. The residence 

time of the compound in    the extruder was about 2 min. The composite filaments were 

cooled in a water bath and then pelletized using a pelletizer. The pellets were dried to 1% 

in an oven were put in the feeder of the injection molding machine. The pellets were 

injected into the mold at 170 to 190 °C (from inlet to the exit) and 4 to 5 MPa pressure. 

Prior to testing, the resulting samples were conditioned in a climatic chamber at 50% 

relative humidity and 20 °C in accordance with ISO 291 (2008) standard. The raw material 

compositions of the 4-mm-thick WPCs are displayed in Table 1. The RPP matrix and the 

WPCs without the nano-MgO were also prepared for comparison with the WPCs 

containing 1 wt% and 2 wt% contents of the nano-MgO. The density of the WPCs was in 

the range of 0.98 to 1.04 g/cm3. 

 

Table 1. Experimental Design 

Specimen Code Recycled PP (RPP) (wt%)  GR Flour (wt%) Nano-MgO (wt%) 

A 100 - - 

B 90 10 0 

C 80 20 0 

D 70 30 0 
E 60 40 0 

F 89 10 1 

G 79 20 1 

H 69 30 1 

I 59 40 1 
J 88 10 2 

K 78 20 2 

L 68 30 2 

M 58 40 2 

 

Water Absorption and Mechanical Characterization of WPCs 
Water absorption of the specimens was performed based on the ISO 62 (2008) 

standard. Ten specimens were immersed in the water bath at 20 °C for 28 days. Then, the 

water absorption percentage of the specimens was calculated from the initial and final 

weights. The bending strength (MOR) and bending modulus (MOE) of the WPCs were 

determined using the ISO 178 (2010) standard on the material tester machine (Lyold 

instruments Ltd., Bognor Regis, UK). The speed of the moving crosshead of the test 

machine for the bending properties was 5 mm/min. Ten specimens were used in bending 

tests. The tensile tests were determined based on the ISO 527-2 (2012) standard. The test 
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speed of the crosshead was 2 mm/min. Ten specimens were used for the tensile tests. The 

notched impact strength of the specimens was determined in accordance with ISO 180 

(2019). Ten specimens were tested on the 2J impact bending machine (Devotrans Co., 

Istanbul, Turkey). Prior to the testing, the specimens were conditioned in accordance with 

the ISO 291 (2008) standard.  

 

Thermogravimetric and Differential Scanning Calorimetry Analysis 
Thermal stability of WPCs was determined by a thermogravimetric analyzer (TGA) 

(Mettler Toledo TGA/SDTA851, Greifensee, Switzerland) under N2 atmosphere. A small 

quantity of each specimen (5 to 10 mg) was heated from 25 to 600 ℃ at 10 ℃ min-1 heating 

rate. Thermal stability of the WPCs and the RPP specimens were determined using a 

differential scanning calorimetric (DSC) analyzer (Mettler Toledo TGA/SDTA851) under 

N2 atmosphere. A heating/cooling/heating cycle was performed for the thermal 

characterisation of WPCs. Approximately 5 mg of samples were heated between 25 ℃ and 

300 ℃ at 10 ℃ min-1 heating and cooling rate. The degree of crystallization of the WPCs 

was calculated using Eq. 1, 

100



= 


m
c

m

H
X

H
        (1) 

where Xc is the degree of crystallization (%), △Hm is the enthalpy of melting, △H
m is the 

enthalpy of melting of the RPP matrix (207 J g-1) (Črešnar et al. 2024), and ω is the weight 

fraction of the RPP in the WPC.   

                                                                                                   

Morphological Analysis 
Fracture surface morphology of the RPP matrix and WPCs was observed using a 

scanning electron microscope (SEM - JEOL JCM-5000 Neo Scope, JEOL Ltd., Tokyo, 

Japan). Before SEM observation, the sample surface was sputtered with a thin layer of 

gold. The SEM was operated at 10 kV acceleration voltage and 5 mm working distance. 

 

 

RESULTS AND DISCUSSION 
 
Water Absorption  

The results of the 28-days water absorption of the WPC specimens are displayed in 

Fig. 2. The WPCs absorbed more water when the amount of the GR flour was increased in 

the polymer matrix (Fig. 2). There was no water absorption for the RPP specimens due to 

its hydrophobic structure. For the WPCs without nano-MgO, the highest water absorption 

was determined for the specimens with 30 wt% of the GR flour. However, this was not 

observed for the WPCs with the nano-MgO. A sharp increase in the water absorption values 

was observed when the filler content increased from 30 to 40 wt%. This result was expected 

because of the hydrophilic nature of the GR flour that has free hydroxyl groups. Because 

the free hydroxyl groups of cellulose and especially hemicellulose can hold water 

molecules, when the filler ratio increases, it causes more water molecules to be held. This 

situation increases the swelling of the composite and water absorption. It is well known 

that the water absorption of the WPCs is considerably affected by the defects, such as 

microgaps, fine pores in the interfacial bonding region, which are created during the 

compounding and injection processes (Chaudemanche et al. 2018; Stokke and Gardner 
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2003). Due to the incompatibility of the polar lignocellulosic filler with the nonpolar 

polymer matrix, these defects in WPC may increase as the GR flour content increases 

(Ayrilmis et al. 2013; Mylsamy et al. 2024; Palanisamy et al. 2024). 

 

 

Fig. 2. The water absorption of the WPCs with different amounts of the GR flour and nano-MgO 

 

The addition of the nano-MgO did not decrease the water absorption of the WPCs. 

In contrast, a considerable increase was observed in the water absorption of the WPCs as 

compared to the WPCs without nano-MgO. Water absorption values increased as the 

amount of nano-MgO in the WPC was increased from 1.0 wt% to 2 wt%. This increase 

was not significant when the ratio of the GR flour was up to 30%, while the water 

absorption rate increased considerably when the ratio of the GR flour reached to 40 wt%. 

Macroscopically, the surface of the MgO is hydrophilic and thus nominally strongly 

interacts with water (Adhikari et al. 2021; Hornak 2021). The reason for the higher water 

absorption of the WPCs containing higher amount of the nano-MgO can be explained by 

its hydrophilic character. 

 

Mechanical Properties 
The results of bending strength of the specimens are presented in Fig. 3. The 

bending strength of the unfilled RPP specimens was determined to be 42.2 MPa. The 

addition of the GR flour increased the bending strength. The MOR of the WPCs increased 

from 57.1 to 75.8 MPa when the amount of the GR flour was elevated from 10 wt% to 40 

wt% (35 wt% to 80 wt% increases of the unfilled RPP specimens). The increase in the 

strength values could be due to an effective load transfer from the polymer matrix to the 

filler particles as the load transfer occurs along the interface between the filler and the RPP 

matrix. The tensile strength exhibited a similar trend as the bending strength, as shown in 

Fig. 4. When GR flour was increased from 10 wt% to 30 wt%, the tensile strength increased 



 

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu 

 

 

Ayrilmis et al. (2025). “Giant reed flour & nano-MgO,” BioResources 20(2), 2670-2686.  2676 

from 31.8 to 35.4 MPa. However, a further increase in the GR flour (40 wt%) reduced the 

tensile strength. As with the bending strength, the improvement in tensile strength could 

be partly attributed to the uniform distribution of the GR filler in the RPP matrix, which 

contributed to a considerable improvement in the stress transfer from the polymer matrix 

to the filler, thereby increasing the stiffness of the WPC (Ayrilmis and Ashori 2014; 

Ayrilmis et al. 2024). In addition, the filler particles can act as nucleation sites for crack 

propagation, allowing a more controlled and ductile mode of deformation (Lazzeri et al. 

2005; Karuppiah et al. 2020). 

 

        

Fig. 3. The bending strength of the WPCs with different levels of the GR flour and nano-MgO 
 

Similar to the strength values, there was also an increase in the modulus values with 

the increase in the filler content. This ratio of the increase in the tensile and bending 

modulus was considerably higher than that of tensile and bending strengths. This was due 

to the increased stiffness of the polymer matrix with the addition of the GR flour (Ezzaraa 

et al. 2023).  

The increase in the stiffness of the WPCs can be explained by the high stiffness and 

rigidity of the GR flour. With increasing stiffness, the amount of energy required for the 

WPC to undergo elastic deformation increases, which increases the bending and tensile 

modulus of the WPCs (Figs. 5 and 6). This is mainly due to the reduced amount of the RPP 

matrix used to bind the filler in the WPC compared to the unfilled RPP specimens. When 

the RPP matrix melts, it acts as a glue, allowing the GR flour to stick together. In addition, 

higher wood filler loads of 40 wt% caused wood particles to agglomerate strongly within 

the RPP matrix, creating zones of stress concentration and reducing the tensile strength. 
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Fig. 4. The tensile strength of the WPCs with different levels of the GR flour and nano-MgO 
 
 

 
Fig. 5. The bending modulus of the WPCs with different levels of the GR flour and nano-MgO 
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Fig. 6. The tensile modulus of the WPCs with different levels of the GR flour and nano-MgO 

 

According to the test results, a tendency to decrease in the tensile strength was 

determined when the filler ratio exceeded 30 wt%. This could be due to the fact that the 

GR flour became highly agglomerated in the polymer matrix, creating stress concentration 

zones and adversely affecting the tensile and bending performance at higher filler loadings, 

such as 40 wt%. The agglomeration of the filler particles and the increase in microcavities 

may explain the fiber pull-out at high filler contents (Ayrilmis et al. 2013). However, when 

40 wt% filler content was reached, the tensile strength was still higher than that of the 

WPCs containing 10% and 20 wt% filler content. There was no positive effect of the 

addition of the 1 wt% and 2 wt% nano-MgO on the strength properties of the WPCs. It was 

observed that the strength properties of the WPCs with nano-MgO were lower than those 

of the WPCs without nano-MgO. This may be because of the nano-MgO, which has a high 

surface area, adversely affects the interfacial adhesion resistance of the polymer matrix and 

thus stress transfer. A similar result was observed by Durmaz et al. (2023). They reported 

that the addition of nano-ZnO reduced the flexural and tensile strengths of WPCs with a 

high-density polyethylene (HDPE).  

The fracture surface morphologies of the WPCs with and without nano-MgO are 

shown in Figs. 7a thorough 7d. The WPCs containing 30 wt% GR flour without nano-MgO 

showed a rough fracture surface and no pulling out of the GR flour, indicating a good 

interfacial adhesion between the RPP matrix and the GR filler (Fig. 7a). This could be 

ascribed to the effective stress-transfer during the tensile testing. However, the holes and 

de-bounded GR flour can be clearly seen in the SEM photos of the WPCs containing the 

nano-MgO, which implies a weak interface between the GR and the RPP polymer matrix 

(Figs. 7b, 7c). The high magnification (Fig. 7d) SEM image of the WPC containing 2 wt% 

nano-MgO showed the white spots (red arrows), which were likely to the aggregated nano-

MgO particles. These nanoparticles could decrease the bonding of the GR flour to the RPP 
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matrix resulted in a poor interfacial adhesion and the pulling out of the GR from polymer 

matrix during the tensile testing. 

 

 
 

Fig. 7. The SEM images of the fracture surface of the WPCs containing 30 wt% GR flour and 
0 wt% nano-MgO (a), 1 wt% nano-MgO (b), and 2 wt% nano MgO (c, d), where (d) is an 
enlargement from (c) 

 
Thermal Properties 
Thermogravimetric analysis 

Thermal degradation behaviour of the RPP and WPC groups were determined using 

TGA analysis. The thermograms indicated the weight loss curves of the WPCs in Fig. 8. 

The RPP specimens showed a single characteristic thermal decomposition curve of which 

onset temperature (Tonset) was 459 ℃. The addition of the GR flour changed the degradation 

characteristic of the RPP in which a two-step degradation was observed from the TGA 

thermogram of composites (Fig. 8a). Because the GR flour is a lignocellulosic biomass, 

the decomposition temperature of their constituents plays a crucial role in the thermal 

characteristics of final composite materials. Therefore, all WPCs exhibited the first 

decomposition around 250 ℃, which could be attributed to the thermal degradation of the 

GR flour at a lower temperature compared to the RPP. This could be the overall 

decomposition of hemicellulose (200 to 300 ℃) (Díez et al. 2020), cellulose (150 to 400 

℃) (Jusner et al. 2021), and lignin (105 to 800 ℃) (Chen et al. 2020), which are the main 

constituents of GR flour. In the second decomposition, all WPCs displayed a decrease in 

Tonset compared to the RPP matrix, which could be due to the thermal degradation of GR 

prior to the RPP matrix (Fig. 8a). Moreover, increasing GR content led to a decrease in the 

Tonset of WPCs, which could be the result of the increasing weight fraction of the GR flour 

into the RPP matrix. The addition of the nano-MgO into the GR flour containing 
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composites caused a decrease in the Tonset and 10 wt% weight loss temperature (T10%) (Figs. 

8b and 8c). Perhaps, the nano-MgO negatively influenced the bonding of the polymer as 

the result of a weak interface through which heat dissipation occurred during the thermal 

testing of the WPCs. Therefore, the WPCs exhibited better thermal stability compared to 

the WPCs containing the nano-MgO.  

 

 

Fig. 8. TGA analysis of the WPCs containing 0 wt% nano-MgO (a), 1 wt% nano-MgO (b), and 2 
wt% nano-MgO (c) 

 

Differential Scanning Calorimetric Analysis 
Thermal stability of the WPCs containing different concentrations of the GR flour 

and nano-MgO was measured using DSC analysis. The onset melting temperature (Tm onset), 

melting temperature (Tm), crystallization degree (Xc), and melting enthalpy (ΔHm) are 

presented in Table 2. The RPP exhibited a high Xc and ΔHm, perhaps resulting from 

nucleating agent, which could be added during the recycling process of the RPP. Similar 

results obtained using the same calculation method were presented in previous studies 

(Lewis et al. 2023; Srivabut et al. 2023). The addition of the GR flour considerably 

increased the Xc of the RPP, which could be due to the nucleating effect of the GR flour. 

Further, the increase in the Xc of the RPP with the addition of the GR flour could be 

attributed to a good compatibility between the GR and the RPP (Tisserat et al. 2014). The 

ΔHm of the WPCs reduced with the addition of the GR flour, except for 10 wt% of the GR 

flour. The incorporation of the nano-MgO led to a remarkable decrease in the Xc and ΔHm 

of the WPCs. This may be due to the poor interface between the nano-MgO and the RPP, 

preventing the nucleation process for the crystallization of semicrystalline polymer chains. 

Although nano-MgO alone is a substance with high thermal stability, it is concluded from 

the test results that the addition of nano-MgO at 2 wt% is probably insufficient to increase 
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the thermal stability of the WPC. Addition of the nano-MgO above 2% can increase the 

thermal stability of WPC. 

 

Table 2. DSC Data of the WPCs 

Specimen 
Code 

Tm onset (°C) Tm (°C) Xc (%) ΔHm (J/g) 

A 131.6 160.9 63.3 131.0 

B 152.2 162.5 74.9 139.5 

C 149.9 160.1 73.1 121.0 

D 151.7 161.2 71.8 104.1 
E 150.1 162.5 88.5 109.9 

F 152.8 161.0 38.2 70.4 

G 152.4 160.5 43.3 70.8 

H 151.9 161.4 44.0 62.9 

I 152.5 160.6 40.0 48.9 
J 152.8 160.6 32.0 58.9 

K 153.6 162.5 34.3 56.1 

L 153.0 161.8 33.1 47.3 

M 154.3 162.1 30.5 37.3 

 

 
CONCLUSIONS 
 

1. This study investigated the potential use of and the combined effect of giant reed (GR) 

powder filler (10 wt% to 40 wt%) and nano-MgO (1 wt% to 2 wt%) on the water 

absorption, strength, and thermal properties of the recycled polypropylene (RPP) 

matrix. The addition of the GR filler resulted in a considerable improvement in the 

mechanical properties of the wood-polymer composites (WPCs), especially in the 

bending and tensile modulus while the water absorption increased.  

2. The WPCs with the nano-MgO showed lower mechanical properties compared to the 

WPCs without the nano-MgO. Moreover, the addition of the nano-MgO increased the 

water absorption of the WPCs more than the WPCs without the nano-MgO. Increasing 

nano-MgO content improved the bending and tensile modulus, as well as the bending 

and tensile strength decreased.  

3. The thermal studies indicated that the addition of the GR flour increased the thermal 

stability of the WPCs, while the addition of the nano-MgO decreased it.  

4. When all the test results are evaluated, it can be said that the inclusion of 30 wt% GR 

flour in the RPP gave the best mechanical and thermal properties. 
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