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1. Introduction  Recycling solid agricultural 
waste as a reinforcing agent in polymer 
composites production represents a valuable 
strategy that meets the concepts of circular 
economy and environmental sustainability. As 
an example, Wood polymer composites 
(WPCs) combine natural fibers from 
agriculture, forest and food residues with 
thermoplastic matrices [1]. High-density 
polyethylene (HDPE) is commonly adopted as 
a low-cost matrix with acceptable mechanical 
and thermal properties [2]. Literature results 
demonstrate the beneficial effect of 
lignocellulosic fillers on the mechanical 
properties of the resulting biocomposites [3-5]. The aim of this research is to evaluate the potential of two 
lignocellulosic materials waste, such as Yerba Mate (YM) (Im.1a) and Pteris vittata (PV) roots (Im.1b) as 
the fillers for the production of sustainable biocomposites.  
 
2. Experimental  YM and PV residue were washed, dried and milled into particles in the size range 
from 2.00 to 1.19 mm and added to the polymer at two different amounts (10-20 wt.%). The 
biocomposites were manufactured by coupling extrusion and injection moulding techniques. The HDPE 
matrix was modified by adding a commercial maleic anhydride-modified high-density polyethylene 
(MAPE). Mechanical and thermal properties were determined. 
 
3. Results and Discussion - The addition of the fillers did not decrease the tensile and flexural strengths 

compared to neat HDPE 
thus supporting the 
production of sustainable 
materials which featured 
even higher mechanical 
properties with MAPE 
(Table 1). Both fillers cannot 
be considered as nucleating 
agents as they reduced the 
degree of crystallinity of the 
matrix by around 17 %. 
 

4. Conclusions  YM and PV are valid reinforcing agents for the production of sustainable polymer 
composites: improvements in tensile strength and modulus were obtained with the addition of MAPE as a 
result of the better interfacial adhesion between the matrix and the fillers.  
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               Image 1. SEM micrographs of (a) YM and (b) PV fillers 

Table I. Incremental percent of mechanical performances with 
respect to neat HDPE (for formulations without MAPE) and 
HDPE+MAPE (for formulations with MAPE). 

 Tensile strength (%)  

Specimens Without MAPE With MAPE Without MAPE With MAPE 

HDPE_10PV 
5.2 25.7 25.0 47.6 

HDPE_10YM 
15.7 46.7 51.1 84.5 

HDPE_10PV 
8.8 59.8 68.2 121.4 

HDPE_10YM 
22.9 72.4 95.4 144.0 

(a) (b) 


