
Image analysis is used to quantify 
the fraction of the titania layer in 
contact between the platelets (𝛾), 
and we observe a linear relationship 
between 𝛾 and the flexural strength 
of the polymer infiltrated composite.
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Increasing Strength in Nacre-like Polymer-matrix Composites 

Our goal is to use bio-inspiration to develop lightweight composites with 
exceptional stiffness, strength and fracture toughness, using radically 
different chemistries and microstructures. 

Carbon fiber composites are the current state of the art for lightweight composites. 
Carbon’s low atomic weight and high bond strength give it a strength to weight ratio 
that is tough to beat! However, carbon fiber composites are inherently brittle and 
prone to rapid, catastrophic failure.

Riders sent hurling to the 
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Biological composites have evolved elaborate hierarchical structures 
to achieve outstanding mechanical properties using weak but readily 
available building blocks1.

Nacre (a.k.a. mother of pearl) is simultaneously stiff, 
strong and fracture tough, which makes it an attractive 
structural target for designing new composites.

Biological Nacre 2 Alumina-titania Scaffold

We study structure-property relationships at the platelet-platelet interface. 

Taking a page directly from the soft-materials playbook, 
nacre’s mechanical properties are dominated by its vast 
internal interfaces.

Though it is primarily composed of brittle aragonite, 
its mechanical properties arise from a brick and 
mortar structure of highly ordered, weakly interacting 
platelets, which are interconnected by mineral 
bridges and layered with biopolymer matrix.

By producing biomimetic ceramic scaffolds, and then infiltrating them with a 
polymer phase to produce nacre-like composites, we can address these two 
sets of relationships separately.

These can be 
broken down into 
two types of 
interfaces:

Our Approach
mineral-mineral interfaces polymer mediated interfaces

Changing the temperature and pressure processing parameters effects 
the mineral density of the scaffold and the sintered surface area 
between platelets. 
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Surprisingly, a modified sheer-
lag model describes the 
composite strength very well!

Mineral-Mineral Interfaces Engineering a Better Bio-mimetic Composite
As predicted by the sheer-lag model, stronger platelets should produce 
composites with a higher maximum strength. Since thinner alumina 
platelets should have fewer critical defects, they should be effectively 
stronger. 
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By switching to thinner, stronger platelets, the maximum strength 
composite is improved by more than 20%, setting a new record for 
specific strength in nacre-like polymer matrix composites.
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As long platelet strength (σp) > 
interface strength (𝜏eff), the 
composite fails by platelet pull-
out and strength (σc) is a linear 
function dependent on the 
platelet aspect ratio (S) and 
volume fraction (Vp); but when 
𝜏eff>σp, the composite fails by 
platelet fracture. 

The maximum achievable composite strength is limited by the 
strength of the platelet itself!

Looking Forward and Expected Impact
We now understand that mineral-mineral interfaces set the composite 
yield point, and the strength of the composite is limited by the strength 
of the platelet. However, maximizing the composite toughness is still an 
open challenge. We anticipate that polymer mediated interfaces can be 
optimized to regulate platelet pull-out, slowing and preventing crack 
propagation. We expect that better models of nacre’s fracture 
toughening mechanisms should enabler the design new lightweight 
composites that are less prone to catastrophic failure. New materials 
could open up new possibilities for thinner and lighter components, 
which would reduce vehicle energy demands.
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