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Abstract 
Excellent wood plastic composite produced by reaction of rice husk, recycled high-density polyethylene (RH/HDPE) and polyethylene 
grafted maleic anhydride (PEGMA). The impact of varying concentrations of polyethylene grafted maleic anhydride (PEGMA) as a coupling 

agent in rice husk and recycled high-density polyethylene composites (RH/HDPE) on their mechanical and physical properties was examined. 

Analysis using scanning electron microscopy (SEM) revealed improved homogeneity of RH fibers within the HDPE matrix due to the 
presence of PEGMA. FT-IR findings indicated the formation of a new chemical bond at 1734 cm-1 between RH fibers and HDPE chains. 

Thermal gravimetric analysis (TGA) demonstrated enhanced thermal stability with higher PEGMA concentrations. The results revealed that 

the modulus of elasticity, maximum stress, maximum strain, and Shore D hardness of the samples increased with increasing PEGMA 
concentration, reaching a peak and then decreasing after reaching 2% wt. Abrasion resistance improved with higher PEGMA concentrations. 

Furthermore, swelling parameters in distilled water exhibited significant enhancement with increasing PEGMA concentration. The study will 

help in efficient utilizing rice husk and recycled HDPE as an alternate resource for the industrial manufacture of particleboards. 
Keywords: Wood-plastic Composites (WPC), high-density polyethylene (HDPE), coupling agent (C.A), polyethylene grafted maleic 

anhydride (PEGMA), and Rice husk (RH) 
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1. Introduction 

     Wood polymer composites (WPCs) are becoming increasingly favored over natural wood in various applications such as 

automotive and construction. [1–4] . WPCs, or wood polymer composites, are composite materials crafted from a blend of 

natural fibers and polymer resins. These resins are often sourced from recycled plastics like polyvinyl chloride (PVC), 

polypropylene (PP), or polyethylene (PE).[1,2]. WPCs present numerous advantages as a construction material compared to 

natural wood. Their improved durability, resistance to moisture, dimensional stability, low maintenance needs, sustainability, 

and flexibility in design render them a viable option across various construction applications. The reinforcing fibers serve as 

the primary load-bearing component in composites. When subjected to stress, these fibers provide exceptional strength, 

stiffness, and resistance to bending and breaking. Effective bonding at the interface between the fillers and the matrix is 

crucial for transferring stress from the matrix to the fillers. Coupling agents play a key role in enhancing the adhesion between 

the polymer matrix and the wood fillers at this interface. 

In wood polymer composites (WPCs), coupling agents are frequently employed to augment the adhesion and 

compatibility between natural fibers and the polymer matrix. Serving as a bridge, these agents bolster the bond between the 

two components, thus enhancing the overall performance of the composite material. [1,3].  The coupling agent aids in 

surmounting the inherent polarity and chemical distinctions between natural fibers and polymers. Natural fibers tend to be 

polar (hydrophilic), whereas PE is non-polar (hydrophobic). [4–6].  Such incompatibility may lead to inadequate adhesion 

between the polymer and wood fibers in wood-plastic composites (WPCs).[7].  Several coupling agents are commonly 

employed for WPCs, with maleic anhydride (MA) being one of the most prevalent. MA can react with the hydroxyl groups 

found in natural fibers, thus forming covalent bonds with the polymer matrix. [7–10]. Incorporating MA can improve the 

interfacial adhesion, mechanical properties, and water resistance of WPCs. [11]. Other coupling agents like Toluene 

diisocyanate (TDI), diphenylmethane diisocyanate (MDI), and organofunctional silanes are frequently utilized in WPCs. 

These agents can interact with the hydroxyl groups present in wood fibers and the polymer matrix, resulting in the formation 

of urethane linkages. [12–14].  

The choice of coupling agent is influenced by various factors, such as the particular polymer matrix, types of natural 

fibers utilized, desired properties, and processing parameters. Both the concentration and method of incorporating the 

coupling agent are significant in determining its efficacy. Optimizing the formulation of the coupling agent and adjusting 

processing parameters are crucial steps in achieving the desired performance of WPCs. Polyethylene grafted maleic anhydride 

17][15PE and wood fibers. 

omposites to enhance wood dispersion and improve the compatibility between (PEGMA) is frequently utilized in PE/wood c
–
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.  
Rice Husk (RH), an agricultural lignocellulosic fiber that can be readily crushed into chips or small particles, has been 

selected as a substitute for wood-based raw materials. [18,19]. The utilization of RH can help conserve virgin forests, 
particularly in regions where wood resources are limited. Additionally, in response to environmental considerations, the 
burning of straw has been prohibited, as no practical applications for these waste materials have been identified, despite their 

widespread availability.

 
The objective of this study is to examine the impact of a coupling agent (PEGMA) on the mechanical properties of rice 

husk/high-density polyethylene (RH/HDPE) composites, as well as key mechanical parameters including stress, strain, 
density, water absorption, and hardness. This research is a component of an ongoing exploration into the recyclability of 

plastic and agricultural wastes, and their potential utilization in the manufacturing of wood polymer composites (WPCs)..

 
1.

 

Experimental 

 
The raw rice husk (RH) materials were procured from a local Egyptian company, ground, and then sieved to achieve a particle 

size of 140 µm. Subsequently, the RH was dried for 24 hours at 40°C to eliminate any moisture content. Recycled high-
density polyethylene (HDPE) served as the plastic matrix in the RH/HDPE composite. The recycled HDPE pellets were 

obtained from an Egyptian company. Grafted polyethylene maleic anhydride (PEGMA) was utilized as a coupling agent, 
sourced from ALDRICH (456624). The chemical structure of PEGMA is depicted in Figure 1, while the working mechanism 
of the coupling agent is illustrated in Figure

.

2.

 

 
 

Fig.1 Chemical structure of the PEGMA                                  Fig. 2 The PEGMA work mechanism 

 

 

Table 1 presents the constituents of the WPC composites employed in this investigation, featuring varying concentrations of 

PEGMA (0, 1%, 2%, 3%, and 5% wt.). Uncoated calcium carbonate was procured from the Egyptian Carbonate Co. for 

Mining. Stearic acid (SA) C18H36O2, with a molecular weight of 284.49, was sourced from SRLCHEM and utilized as a 

lubricant. All materials were thoroughly mixed using a laboratory mixer for 5 minutes to ensure a homogeneous blend. 

Subsequently, the mixture underwent extrusion via a co-rotating twin-screw extruder (length/diameter = 13 and diameter = 29 

mm). The barrel temperatures of the four zones ranged from 130 to 160°C from the feeding to the die zones. The screw speed 

was set at 80 rpm. 

The extruded composite was crushed into small pieces and grinded to prepare it for molding by hot pressing. A mold 

measuring 200 x 200 x 10 mm was utilized for the hot pressing process. The hot press conditions were set at 150°C and 150 

bar for a duration of 10 minutes. Subsequently, the mold was cooled down to room temperature using an air compressor. The 

resulting samples were then cut according to ASTM standards for subsequent mechanical and physical measurements.  

Table 1. Study-developed formulas (in gram). 

 NF0 NF1 NF2 NF3 NF5 

RH 60 60 60 60 60 

HDPE 30 30 30 30 30 

CaCo3 10 10 10 10 10 

SA 1 1 1 1 1 

PEGMA 0 1 2 3 5 
 

Measurements 

To investigate changes in chemical bonds, FT-IR analysis was conducted using a Bruker Alpha FTIR spectrometer. The 

transmittance range of the scan spanned from 4000 cm-1 to 400 cm-1. Morphological analysis of the prepared composites was 

performed using scanning electron microscopy (SEM) with a Superscan S-550 instrument, operating at an accelerating voltage 

of 15 kV. Thermal stability assessments were carried out via thermogravimetric analysis (TGA) using a TGA-50 Shimadzu 

instrument. The TGA analysis was conducted under a nitrogen atmosphere with a flow rate of 30 ml/min, over a temperature 

range from room temperature to 900 ºC. Mechanical properties were evaluated using a Shimadzu AGX-100kNV2 100 kN 
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tensile machine, following ASTM D7031 standards. Abrasion resistance testing was performed according to ASTM D7031-

11(2019) Section 5.17 and ASTM D4060-19, utilizing a homemade abrasion tester (refer to Fig. 3). The abrasion loss 

percentage (Ab) was calculated using the following formula: 

𝐴𝑏% =  
(𝑚0 − 𝑚)

𝑚0
 𝑥 100 % 

where (m0), and (m) represent the sample weight before and following abrasion, respectively.  

 
Fig. 3 handmade abrasion tester 

The hardness of the prepared composites has been measured by using a durometer PCE-DD-D Shore D. Swelling was 

measured using ASTM-D-570-95 standard test techniques for the WPC property influence of water. Three cubic-shaped test 

pieces with dimensions of 10 x 10 x 10 mm3 were employed. Weighed in a weighing bottle and immersed in 100 cm3 distilled 

water at room temperature for 24 days. To remove excess water from the sample's surface, the samples were removed from 

the water and wiped using filter paper. The samples' swelling percentage (ΔM%) was estimated as follows: 

𝛥𝑀% =  
(𝑚𝑠 − 𝑚𝑑)

𝑚𝑑
 𝑥 100 % 

where (ms) and (md) are the weights of the samples after swelling and free of water (dry sample), respectively. The following 

equation is used to compute the volume swelling in percentage (swelling index): 

𝑞 − 1 =
[(

𝑤2
𝑤1

) − 1]𝜌𝑐

𝜌𝑠
 

where (q) represents the ratio of a sample's swelled volume to its initial un-swollen volume, (q - 1) represents the swelling 

index, (w1) represents the sample's dry weight, (w2) represents the sample's weight after swelling, and (𝜌𝑐) and (𝜌𝑠) represent 

the densities of the specimen and the test solvent respectively [20]. 

 

3. Results and Discussion 

Fig. 4 shows the morphology of the surfaces of the RH/HDPE composites at 0, 1, 2, and 3 wt. % of PEGMA. Fig. 

4a shows numerous cavities for the micrograph of 0 wt. % PEGMA surface. The presence of these cavities and pulled-out 

fibers confirms that the adhesion and interfacial bonding between the wood and the matrix polymer was poor and weak which 

means the poor of the mechanical properties of the composites. However, by increasing the coupling agent contents to the 

composites, the cavities and cracks in the composite noticeably decreased, which means that the bonding and adhesion 

between the RH and the HDPE matrix increased and the composite got harder, as it can be shown in Fig. (4b, 4c and 4d) [7, 

21].   

3.2 FT-IR analysis 

A new peak appeared in Fig. 5 (b) at 1739 cm-1 which confirmed the creation of ester bonds (-COO) between the 

RH fibers and PEGMA, as the reaction shown in Scheme 1 [22]. The interface between RH fiber and HDPE matrix appears to 

be better when PEGMA has been used at concentrations 2 wt. % and slightly better at 3% and 5% as shown in Fig. 5 (c and 

d).  The backbone molecule of polyethylene had a strong peak of (-CH) at about 2915 cm-1 and 2847 cm-1, where -CH2 bonds 

in HDPE were observed at 719 cm-1. 
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Fig. 4 (a) SEM of the composites without PEGMA, (b) treated with 1% of PEGMA, (c) treated with 2% of PEGMA and (d) 

treated with 3% of PEGMA. 

 

 
Fig. 5 FT-IR spectrum for RH/HDPE with (a) 0 wt. %, (b) 2 wt. %, (c) 3 wt. %, and (d) 5 wt. % of PEGMA 

3.3 Thermogravimetric analysis (TGA) 

  TGA has been used to measure the thermal stability of WPCs prepared samples and illustrated in Fig. 6. One can see 

that, there are many steps of decomposition. First, some decrease in the weight started from the room temperature to 100 o C 

which can be attributed to the dehydration process. The second stage in the mass loss is due to the decomposition of the RH 

fibers which starts at 200 o C. In this stage, one can see the zero and 2 wt. % of coupling agent samples decompose faster than 

the other samples with a higher concentration of PEGMA. This behavior can be attributed to the created strong chemical bond 

between the PE chains and the RH fiber because the PEGMA has a positive significant effect on the thermal stability of the 

prepared WPCs samples. On the other hand, HDPE starts to decompose around 400 o C (see the inset in Fig. 6) and finishes at 

around 500 o C (23,24). After the full decomposition of HDPE and the RH fiber, the residual material is carbon and the 

inorganic materials e.g. CaCO3. The final stage is the decomposition of CaCO3. Upon heating past 600 oC the CaCO3 begins 

the thermal decomposition whereby  

CaCO3 → CaO + CO2. 
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After the entire sample has experienced the breakdown reaction, or when the temperature has risen to about 850 o C, the solid 

phase CaO is still present on the scale [25]. 

 

 
Fig. 6 TGA of RH/HDPE with different PEGMA content specimens. 

3.4 Mechanical Properties measurements 

Fig. 7 illustrates the stress-strain curves of the prepared composites. One can see that, the addition of PEGMA 

improved the tensile strength and by increasing the PEGMA percentage, the mechanical properties improved. Meanwhile, we 

found that the best improvement in the mechanical properties was achieved for 2 wt. % of PEGMA. This conclusion can be 

confirmed by Fig. 8, which shows the elastic modulus versus the PEGMA content. Furthermore, Fig. 9 and 10 show 

improvement of the PEGMA on the tensile strength of RH/HDPE composites. 

 
Fig. 7 Effect of PEGMA concentration on the stress-strain of WPC. 

 

 
Fig. 8 Effect of PEGMA contents on modulus of elasticity of WPC. 

Shore D of the WPCs prepared samples has been measured to study the effect of the concentration of PEGMA on the hardness 

of the samples, and illustrated in Fig. 11. It’s clear from Fig. 11 that, by increasing the concentration of the PEGMA, the 

hardness increases and then saturates slightly after 2 wt. % of the coupling agent. This can be attributed to the creation of new 

chemical bonds. By increasing the bonds between the RH and the polymer chains, the composite becomes more rigid.  As the 

concentration of PEGMA is increased, the percentage of abrasion is gradually reduced as shown in Fig. 12. This results in a 

stronger bond between the two materials, which makes the WPC more resistant to abrasion. 
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Fig. 9 Effect of PEGMA with various filler contents on max. Stress of WPC. 

 
Fig.10 Effect of PEGMA with various filler contents on max. Strain of WPC. 

 

 

Fig. 11 Shore D vs the PEGMA concentration of RH/HDPE samples 

 

 
Fig. 12 Abrasion loss versus PEGMA content for RH/HDPE samples 
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Fig. 13 shows that the water absorption percent decreases while the PEGMA ratio increases, this may be attributed 

to the higher crosslinking density of the HDPE with RH fibers. In contrast, the swelling ratio is a direct indicator of the degree 

of crosslinking. The density of such cross-linking is estimated using the Flory-Rehner ratio and the average molecular weight 

of the polymer between cross-links (Mc) using equilibrium swelling measurements [15]. 

The graph of Ms/Md vs t1/2 for WPC filled with different ratios of PEGMA is shown in Fig. 14. All sorption 

processes are observed to be similar in nature and to have sigmoidal-shaped profiles. The effect of increasing the PEGMA 

content on the diffusion coefficient of water in the WPC matrix is shown in Fig. 15. By increasing the PEGMA loading, the 

diffusion coefficient drops until it reaches a minimum of 5 % wt. PEGMA content. The swelling index and crosslink density 

values for each of the suggested WPC specimens used in this study at varied PEGMA loadings are shown in Fig. 16. The 

swelling index reduces as PEGMA content increases, yet the degree of crosslink density rises, as seen in the figure. It is clear 

that the sample of the PEGMA with a swelling index of 5 % wt. has the maximum crosslink density and the lowest swelling 

index, making it the concentration that is regarded to be best based on swelling measurement [26]. 

 

Fig. 13 Water absorption vs. PEGMA Conce. of RH/HDPE samples for 144, 288 and 576 h. 

 

Fig.14 Variation of Ms/Md vs. t1/2 for RH/HDPE composites at different PEGMA concentrations. 

 

 

Fig. 15 Variation of the swelling index, crosslink density vs.  PEGMA concentration.

0

1

2

3

4

0 1 2 3 4 5 6

w
at

e
r 

ab
so

rp
ti

o
n

 %

PEGMA Concentration wt %

144 h

288 h

576 h

0.E+00

1.E-05

2.E-05

3.E-05

4.E-05

5.E-05

0 1 2 3 4 5 6D
if

fu
si

o
n

, c
m

2
/m

in

PEGMA Concentration wt %



 D. I. Moubarak et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 68, No. 10 (2025) 

 

 

340 

 

Fig. 16 Variation of diffusion coefficient vs. of PEGMA concentration.

Conclusion 

This study demonstrates that the different concentrations of polyethylene grafted maleic anhydride (PEGMA) play a 

critical role in enhancing the physical and mechanical properties of RH/HDPE composites. An optimal PEGMA ratio 

enhances interfacial adhesion, resulting in improved water absorption resistance, and mechanical performance. However, 

excessive coupling agent content can lead to diminishing returns or even detrimental effects. These findings provide valuable 

insights for designing and optimizing wood-plastic composites with superior properties and performance. 

Acknowledgement 

The authors deeply thank the Sanitary and environmental institute, Housing and Building National Research center, 

Giza 12622, Egypt. The most of measurements have been carried out in this institute. As well as, authors declare that there is 

no any fund from any project or any authority.    

Author contributions: Deia I. Moubarak, Laila M. Reda, and Tarek Y. Elrasasi contributed to the preparation of samples and 

measurements, while the Lameas A. Mohamed contributed to data analysis. All authors participated in writing and editing the 

research paper. 

Data availability: The datasets generated during and/or analyzed during the current study are available from the 

corresponding author on reasonable request.  

Supplementary information: Not Applicable 

Compliance with Ethical Standards 

 Competing Interests: The authors declare no competing interests. 

 Ethical Approval: This research, focusing on materials science, does not involve experiments with human or 

animal tissues.  

Funding: No funding was received to assist with the preparation of this manuscript 

Financial interests: The authors declare they have no financial interests. 

Non-financial interests: none. 

 

References 

1. Poletto M, Zeni M, Zattera AJ. Effects of wood flour addition and coupling agent content on mechanical properties of 

recycled polystyrene/wood flour composites. J Thermoplast Compos Mater. 2012 Nov;25(7):821–33.  

2. Friedrich D. Thermoplastic moulding of Wood-Polymer Composites (WPC): A review on physical and mechanical 

behaviour under hot-pressing technique. Compos Struct. 2021 Apr;262:113649.  

3. Moubarak D, Reda L, Mohamed L. Influence of Self Adhesion Mechanical and Physical Properties of Palm Trees 

Fibers - Polystyrene Composites. Egypt J Chem. 2022 Mar 27;0(0):0–0.  

4. Ghasemi I, Farsi M. INTERFACIAL BEHAVIOUR OF WOOD PLASTIC COMPOSITE: EFFECT OF CHEMICAL 

TREATMENT ON WOOD FIBRES.  

5. Kord B. Evaluation on the effect of wood flour and coupling agent content on the hygroscopic thickness swelling rate 

of polypropylene composites. BioResources. 2011 Jun 25;6(3):3055–65.  

0.0E+00

1.0E-05

2.0E-05

3.0E-05

4.0E-05

5.0E-05

0.0E+00

1.0E-05

2.0E-05

3.0E-05

4.0E-05

5.0E-05

0 1 2 3 4 5 6

cr
o

ss
lin

k 
d

en
si

ty
, c

m
-3

sw
el

lin
g 

in
d

ex

PEGMA Concentration wt %



Ecofriendly modification of both rice husk and recycled HDPE by coupling agent producing excellent wood plastic composite. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 68, No. 10 (2025) 

341 

6. Kord B. Influence of Maleic Anhydride on the Flexural, Tensile and Impact Characteristics of Sawdust Flour 

Reinforced Polypropylene Composite. 2011;  

7. Zárate-Pérez C, Ramírez-Aguilar R, Franco-Urquiza EA, Sánchez-Alvarado C. The Role of Coupling Agents in the 

Mechanical and Thermal Properties of Polypropylene/Wood Flour Composites. Macromol. 2023 Feb 3;3(1):65–78.  

8. Hao X, Xu J, Zhou H, Tang W, Li W, Wang Q, et al. Interfacial adhesion mechanisms of ultra-highly filled wood 

fiber/polyethylene composites using maleic anhydride grafted polyethylene as a compatibilizer. Mater Des. 2021 Dec 

15;212:110182.  

9. Dimitriou A, Hale MD, Spear MJ. The effect of pH on surface activation of wood polymer composites (WPCs) with 

hydrogen peroxide for improved adhesion. Int J Adhes Adhes. 2018 Oct;85:44–57.  

10. Yáñez-Pacios AJ, Martín-Martínez JM. Surface modification and improved adhesion of wood-plastic composites 

(WPCs) made with different polymers by treatment with atmospheric pressure rotating plasma jet. Int J Adhes Adhes. 

2017 Sep;77:204–13.  

11. Bodîrlău R, Teacă CA, Spiridon I. Preparation and characterization of composites comprising modified hardwood and 

wood polymers/poly(vinyl chloride). BioResources. 2009 Aug 2;4(4):1285–304.  

12. Chawraba, K. and El Mogy, S.A. Rice Husk as Reinforcement in Wood Plastic Composites. In Rice Husk Biomass: 

Processing, Properties and Applications 2025 (pp. 181-211). Singapore: Springer Nature Singapore.  

13. Zong G, Gong J, Shi Z, Hao J, Yang X, Wang F. Effect of Coupling Treatment on Interfacial Bonding Properties of 

Wood Veneer/Wood Flour–Polyvinyl Chloride Composites with Sandwich Structure. Forests. 2023 Oct 

28;14(11):2147.  

14. Oliveros-Gaviria C, Cumbalaza E, Mina-Hernandez J,  Valencia-Zapata M, Suarez-Bonilla J, Martinez-Mera, N. 

Wood Plastic Composite Based on Recycled High-Density Polyethylene and Wood Waste (Sawdust). Polymers, 

(2024) 16(22), 3136. 

15. Wang W, Chen H, Li J. Effects of Maleic Anhydride Grafted Polypropylene on the Physical, Mechanical and 

Flammability Properties of Wood-flour/Polypropylene/Ammonium Polyphosphate Composites. Fibers Polym. 2021 

Apr;22(4):1137–44.  

16. Chen J, Wang Y, Gu C, Liu J, Liu Y, Li M, et al. Enhancement of the Mechanical Properties of Basalt Fiber-Wood-

Plastic Composites via Maleic Anhydride Grafted High-Density Polyethylene (MAPE) Addition. Materials. 2013 Jun 

18;6(6):2483–96.  

17. Khamedi R, Hajikhani M, Ahmaditabar K. Investigation of maleic anhydride effect on wood plastic composites 

behavior. J Compos Mater. 2019 Jun;53(14):1955–62.  

18. Yang HS, Kim DJ, Kim HJ. Rice straw–wood particle composite for sound absorbing wooden construction materials. 

Bioresour Technol. 2003 Jan;86(2):117–21.  

19. Ku H, Wang H, Pattarachaiyakoop N, Trada M. A review on the tensile properties of natural fiber reinforced polymer 

composites. Compos Part B Eng. 2011 Jun;42(4):856–73.  

20. Abdel Kader MM, Abdel-wehab SM, Helal MA, Hassan HH. Evaluation of thermal insulation and mechanical 

properties of waste rubber/natural rubber composite. HBRC J. 2012 Apr;8(1):69–74.  

21. Poletto M. Polystyrene cellulose fiber composites: effect of the processing conditions on mechanical and dynamic 

mechanical properties. Matér Rio Jan. 2016 Sep;21(3):552–9.  

22. Kalaprasad G, Thomas S. Melt rheological behavior of intimately mixed short sisal–glass hybrid fiber‐reinforced low‐

density polyethylene composites. II. Chemical modification. J Appl Polym Sci. 2003 Jul 11;89(2):443–50.  

23. Cuadri AA, Martín-Alfonso JE. The effect of thermal and thermo-oxidative degradation conditions on rheological, 

chemical and thermal properties of HDPE. Polym Degrad Stab. 2017 Jul;141:11–8.  

24. Nunes MBS, Farias AFF, Medeiros ES, Oliveira JE, Santos IMG, Carvalho LH, et al. The effect of clay 

organophilization on wood plastic composite (WPC) based on recycled high density polyethylene (HDPE) and coir 

fiber. Prog Rubber Plast Recycl Technol. 2021 Nov;37(4):394–411.  

25. Li XG, Lv Y, Ma BG, Wang WQ, Jian SW. Decomposition kinetic characteristics of calcium carbonate containing 

organic acids by TGA. Arab J Chem. 2017 May;10:S2534–8.  

26. Arbelaiz A, Fernández B, Ramos JA, Retegi A, Llano-Ponte R, Mondragon I. Mechanical properties of short flax fibre 

bundle/polypropylene composites: Influence of matrix/fibre modification, fibre content, water uptake and recycling. 

Compos Sci Technol. 2005 Aug;65(10):1582–92.  

 

 

 
 

 

 


