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Abstract
Structural materials invariably must possess damage tolerance with good combinations of strength and toughness. Unfor-
tunately, these properties are generally mutually exclusive and so the development of new structural materials has tradi-
tionally involved seeking a compromise between hardness and ductility. This presentation will focus on recently developed, 
advanced multi-element, metallic alloys, speci�cally bulk-metallic glasses and high-entropy alloys, that show particularly 
good combinations of strength and toughness at levels comparable with the best structural materials on record. Strength 
levels often well above 2 GPa, fracture toughness values up to 200 MPa.m1/2, and fatigue limits up to 25% of the ultimate 
tensile strength make certain metallic glasses, and their composites, intriguing candidates for many structural applications. 
Coupled with their ease of processing, these alloys show particular promise although the reproducibility of their properties 
and the ability to realistically measure high fracture toughness values in locally strain-softening materials still pose prob-
lems. High-entropy alloys represent a similar class of multi-element alloys with the distinction that these materials are fully 
crystalline and in principle single phase. Like metallic glasses, certain high-entropy alloys can display remarkable damage 
tolerance. Speci�cally, we show that a nominally equiatomic, single phase medium- and high-entropy alloys can display 
strengths in excess of 1 GPa with fracture toughness values well above 200 MPa.m1/2. We further use high-resolution trans-
mission electron microscopy to discern their deformation modes involving a unique synergy of dislocation activities.  More-
over, due to the onset of deformation nano-twinning, especially at cryogenic temperatures, these properties can actually 
improve with decrease in temperature – a trend that is contrary to the behavior of the vast majority of materials.
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Work funded by the U.S. Department of Energy, O�ce of Science, O�ce of Basis Energy Sciences, Materials Sciences and 
Engineering Division.

Biography
Ritchie's research focuses on the mechanical behavior of engineering and biological materials at multiple length-scales, 
with emphasis on mechanistic understanding at nano to micro scales and fracture mechanics/fatigue analysis at micro to 
macro scales. His current interests are in developing lightweight bioinspired materials with exceptional damage tolerance, 
the ultrahigh temperature behavior of ceramic-matrix composites, and the biological in�uences on the fracture resistance 
of human bone.

 lecture series

Enquiries: (852) 3442 2430  E-mail: kwaiclau@cityu.edu.hk

Date:   18 January, 2016
Time:   15:00 -16:00
Venue:  P4701, 4/F, AC1 (Lift 1), CityU

Co-Sponsored by : 
CASM
Centre for Advanced 
Structural Materials


