
Swiss%Competence%Center%for%Energy%Research%
Efficient%Technologies%and%Systems%for%Mobility%

Partners 

Introduction 

Structural composites are a key material in the production of lightweight and fuel efficient vehicles. However, to safely replace metals 
composites, they must be not only stiff and strong but also fracture tough. Since the molecular basis of these properties are in conflict, 
simultaneously improving the fracture toughness and mechanical strength still remains a major challenge in materials science.  Biological 
composite materials often display a remarkable combinations of strength and toughness, however, understanding the design principles and 
structural features that lead to these properties are key to developing new bio-inspired materials with enhanced properties. Here we 
develop a biomimetic composite to explore the structure-property relationships at work in nacre, the pearly inner layer of mollusk shells.  

Stiff, Strong and Fracture Tough Composites Inspired by Mother of Pearl 

To achieve simultaneous strength and fracture 
toughness, biology has a near universal 
strategy: create repetitive interconnected 
microstructure. In nacre, this looks like rough 
“bricks” of calcium carbonate layered with bio-
polymer “mortar.”  
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The development of more fracture tough 
composites should allow engineers to design 
thinner, lighter, more damage tolerant parts. 
Additionally, these high performance composites 
are processed as discontinuous materials, so 
they have the potential to enable the production 
of new, more complex parts, not otherwise 
possible with long fiber reinforcement. We 
anticipate that being able to produce a broader 
range of lightweight composite parts has the 
potential to significantly reduce vehicle mass, 
improving its fuel economy. 

Nacre-like composites compare well with engineering materials 

Expected impact 

A new processing approach for building nacre-like composites 

To produce synthetic materials with a balance of 
strength and toughness, we have developed new 
techniques to mimic nacre’s deceptively simple 
structure.  
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We magnetize 
commercial mineral 
flakes and suspend 
them in water so that 
they can be aligned 
by external magnetic 
fields. 

Casting and aligning 
these suspensions in 
porous molds allows 
us to use vacuum to 
remove the water 
and quickly form 
large, micro-
structured mineral 
scaffolds 

Firing our scaffolds under pressure and 
infiltrating the residual porosity with polymer 
forms the final composite. 

By changing the firing temperature, we can 
change the strength of connections between 
mineral flakes, which tunes the mechanical 
properties of the composite and allows us to 
access new fracture behavior. 
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