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Studies of nanoscale structural, chemical and mechanical hierarchy of Sardine pilchardus 
fish scale in contrast with man-made nanocomposites
D. Devaprakasam
School of Nanosciences and Technology, Karunya University, India

Hierarchical design of biological structures exhibits remarkable physical, chemical mechanical and biological properties and 
functionalities over the wide range of length scale. Structural, chemical and mechanical properties of sardina pilchardus 

fish scale from nanometer to micrometer length scale has been investigated using advanced microscopy techniques. By de-
collagenisation process the fish scale was demineralised, the nanoscale structural, chemical and mechanical hierarchy of 
constituents were analysed. It consists of particulates of calcium hydroxy apatite and fibrillar collagens which were hierarchically 
arranged. Calcium hydroxy apatite shows numerous level hierarchies and at each level they are commensurately interconnected. 
We also studied nanoscale energy dissipation and failure mechanics of nanoparticle filled polymer composite using advanced 
microscopy techniques. Nanocomposites and nano-structured materials are technologically important class of materials which 
have potential uses in many engineering and biomedical applications. Nanocomposites exhibit dramatic improvement on their 
mechanical properties and show high resistance to fracture and wear failures. Objective of this study is to understand, the role 
of nanoparticles, nano-microstructure, strength of particle-matrix interface and effects of geometrical gradient and mechanical 
gradient on energy dissipation process and subsequent failure mechanisms. We also present ongoing analytical and computational 
investigations of energy dissipation and failure mechanisms of the mechanisms of the nanocomposites. We conclude that 
hierarchical composites of biological systems show remarkable characteristics over man-made nanocomposites.
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