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1. Introduction – The effect of the particle size of almond shell powder on the physical and mechanical

properties of 30 wt% almond shell-filled starch-based biodegradable a)   b)

polymer is investigated in this work, analysing also the almond shell particle/matrix interface adhesion. A 
series of biocomposites for injection moulding were produced with the objective of studying the possible   

implementation of biodegradable materials in traditional industries such as  toys or packaging, arousing  

great interest in recent years due to the coming legislative requirements and/or to customer demands. The 
almond shell, a natural waste, has been successfully used as a filler in other biodegradable   

polymers, such PLA [1], providing good results regarding processing,   compatibility, 

final aesthetics and mechanical properties. This study 

evaluates if the developed formulations could enhance the sustainable Image 1. SEM micrographs of almond 

consumption of materials and the use of natural and renewable resources.   sha) < 0.05 mm, b) 0.05ell with different 

particle size ranges, -0.08 mm, c) 

0.08-0.125 mm and d) 0.125-0.250 mm 

2. Experimental – A hard-shelled almond variety (Marcona) was used for
the study. The different particle size almond shell powders were obtained
through a two-steps milling process and then separating the particles by
sieving them to obtain different size ranges, <0.05 mm, 0.050.08 mm,
0.080.125 mm and 0.125-0.250 mm. They were characterised by Scanning
Electron Microscopy (SEM), as seen in Image 1. A 30 wt% of almond shell
was incorporated to a biodegradable and compostable starch-based
polymer (MATER-BI DI01A, Novamont [2]) by using a twin-screw
extruder and the composite material was pelletized for further injection
moulding of

standardised testing samples. Physical and mechanical properties of the resulting biodegradable composites 
were determined.    

3. Results and Discussion – The melt flow index of the material approximately duplicates its value by the
incorporation of a 30 wt% almond shell filler, probably due to the scission of the polymeric chains, since
the material suffers two reprocessing (compounding and injection moulding), resulting in a greater
fluidity of the material. This effect is more pronounced with particle sizes <0.05 mm. The particle size
does not give remarkable variations in the density of the biocomposite (1.24-1.26 g/cm3). Regarding the
mechanical properties, the incorporation of the filler slightly increases the rigidity of the material as
demonstrates the slight increase of the Young modulus. That can result in a lower mobility of the
polymeric chains and then, the mechanical resistance is significantly affected: impact resistance and
tensile and flexure strength at break decrease drastically. The particle size does not substantially influence
the result; nevertheless, the resistance is higher to a certain degree with particle size ranges over 0.1 mm,
probably due to a better interaction with the matrix, as SEM observation revealed.
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Unfilled 2090 38,1 29.8 

<0,05 2440 3,8 2.1 

c)  d) 
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0.05-0.08 2145 8,1 3.0 

0.08-0.125 2410 6,3 4.4 

Tablalmond shell filled Mater-bi compositese I. Some mechanical properties of 

different particle size 4. Conclusions –The studied biodegradable 
polymer can be modified with almond shell powder. This affects their mechanical properties; however, 
the particle size did not remarkably influence the final characteristics, being slightly resistant with 
particle sizes of 0.1-0.2 mm.     
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