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Abstract
Two types of hybrid composites based on mixed cork-wood flour filler were prepared in order to compare the efficiency of reinforcement in PP and PLA based composites. Injection molded samples were prepared with 10, 20 and 30% of different filler mixtures, in order to investigate the basic thermomechanical properties and morphology of the hybrid composites. The comparison of PLA and PP based materials revealed the large difference in reinforcing efficiency of prepared samples. The conducted research is aimed at assessing the influence of wood fibers on the relatively poor mechanical properties of cork based composites. Conducted research included determination of mechanical characteristics in tensile tests and Izod impact resistance measurements, thermo-mechanical properties were determined by DMTA analysis, DSC and TGA were technique was used to evaluate the changes in the thermal behavior of prepared composites. The used filler content was limited to 30% wt., due to the need to maintain a sufficient low viscosity during the injection molding process.


1.	Introduction

The use of cork agglomerates/fillers as components of polymer compositions has been the subject of research for many years [1, 2]. Research into the use of by-products of the process of bottle stoppers is of particular importance here. Wastes of this type, previously used mainly in the production of cork boards, or other products obtained by compression molding with the use of thermosets, are now increasingly used in combination with thermoplastic polymers. In comparison to other natural fillers [3-5], the properties of the cork differ significantly from the commonly used lignocellulosic fibers, which is mainly related to its fine cellular structure. The porous structure significantly reduces the density of cork, which also makes it an ideal insulation material. The advantages of cork in composite systems are significantly dependent on its content in the material composition, however, like any other polymer filler, its increasing content limits the processability, especially in the injection molding method [6]. Due to these limitations, the content of the filler in the presented work was limited to 30%. The relatively small content of cork agglomerates in the tested composites results in the lack of properties characteristic for cork based material, such as limited flammability or thermal insulation. The reduced density is still expected feature, but due to the limited content of the cork and the ongoing hybridization with wood fibers, the main focus of the research is the optimization of mechanical properties [7]. The tested materials were not subjected to a process of compatibility, which was intended and aimed at eliminating additional factors that could affect the observed changes in structure and properties of the mixed cork/wood filled composites. Conducted research included basic mechanical tests, such as static tensile test and impact resistance measurements using the Izod method. Thermomechanical properties were examined with the use of DMTA analysis, while DSC method allowed to determine the level of crystallinity and the range of basic thermal transitions. Thermal stability was examined using TGA methodology. The research is complemented by structure observations made by SEM method. The research findings presented below include selected results of the mechanical measurements, DMTA analysis and appearance of microstructure.  

2.	Results and discussion

2.1. 	Mechanical characteristics 

The detailed comparison of the mechanical properties reveals some differences between PP and PLA based samples. which results first of all from the different characteristics of the base polymers themselves, which is visible in the Fig. 1 in the form of tensile test plots. The icreasing content of wood flour in the filler system (from 0 to 100%) seems to be more beneficial for both PLA and PP based samples (see Fig. 2). 
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Figure 1. Stress-strain curve comparison for different types of PP (left) and PLA (right) based samples, for all presented samples the filler content (cork/wood) was 10%.
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Figure 2. Tensile modulus comparison for PLA (left) and PP (right) based materials.


Also the dynamic characteristics measured by DMTA analysis from -50 to 150 °C are more favorable to wood flour rich samples. Interestingly, there are considerable differences in reinforcing effect between PP and PLA based sample, which can be observed comparing the storage modulus curves, where for polypropylene composites the increase in stiffness applies to all tested materials (Fig. 3),  including 100% cork filler samples. 

For PLA based composites the increased values of the storage modulus are reported only for wood flour rich samples (Fig. 4), while the stiffness of cork based composites drops down comparing to pure PLA samples. These inverse trends can be observed even for composites containing 30% of the filler, which can be seen in the Fig.2. The obtained results correspond with the so far conducted research works including the hybridization of compression molded and injection molded natural fillers hybrids of polypropylene and polyethylene composites [4].
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Figure 3. Storage modulus (left) and tan δ (right) plots comparison for PLA based samples.
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Figure 4. Storage modulus (left) and tan δ (right) plots comparison for PP based samples.


Summarizing the analysis of mechanical and thermo-mechanical measurements, the results clearly indicate the lack of a clear reinforcing effect for cork based filler. On the other hand, this confirms the rationality of conducting the hybridization process using wood fibers.


2.2. 	Structure observations 

The structure images presented in the Fig. 5 were obtained from cryo fractured surface of the prepared samples, for clarity only the SEM images of the samples with 10% filler content are shown. Particularly noteworthy are samples containing cork agglomerates, because their porous structure has been significantly deformed as a result of high shear forces during injection stage. This deformation, in practice denoting compression of the cork particles, is the main reason for the lack of any significant changes in density for the prepared materials. For materials with the addition of wood flour, an important observed feature is the pull-out of  wood fibers, which is the main mechanism causing the increase of mechanical properties for hybrid samples
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Figure 5. Structure comparison of PLA and PP based composites.


3.	Conclusions

On the basis of the conducted research, it can be concluded that the hybridization treatment for composites filled with a cork/wood mixture results in the optimization of selected mechanical parameters, which was the main goal of the conducted research. For both PLA and PP-based composites, the use of cork filler did not cause a significant reduction in density. As confirmed by SEM observations, the main reason for the lack of significant changes is the disappearance of the porous cork agglomerate structure, which is the result of significant deformation/compression of the filler particles, due to the high shear stresses during the injection molding process.
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