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We begin by exploring the uniaxial compression response of as-deposited samples with 
grain sizes from 3-40 nm.  Flow stresses in the GPa-range are observed.  The larger 
grain sizes demonstrate extensive plastic flow during compression, as well as limited 

strain hardening.  The 3 nm grain size can sustain very little plasticity and abruptly fails 
after yielding. 
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GB Dislocation Sources GB Sliding GB Dislocations + 
Sliding 

Nanoindentation of nc Ni-W 

T. J. Rupert, et al., J. Mater. Res. (2012). 

As-Deposited nc Fe Annealed nc Fe 

D. Jang and M. Atzmon, J. Appl. Phys. (2006). 

Grain boundary (GB) relaxation, the removal of excess GB disorder and 
reduction of stress concentrations at the boundaries, occurs when 

nanocrystalline (nc) metals are annealed at low temperatures.   

Nanoindentation 
has shown that 
GB relaxation 
can increase 
hardness, but 
how does GB 

structure affect 
failure? 

Microcompression testing is used to probe the uniaxial 
flow and failure properties of nanocrystalline Ni-W, in the 

as-deposited and relaxed states. 
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Schuster BE, et al. 
Acta Mat.. (2008). 

Strain 
localization 

mimics 
metallic 

glass failure. 

While relaxation induces strengthening, it also promotes catastrophic failure 
through strain localization at small plastic strains.  We perform molecular 

dynamics (MD) simulations to understand the physical mechanisms behind 
such localization and the importance of testing conditions. 

Strain localization can occur either entirely along a GB path or through a 
combination of GB sliding and intragranular dislocation motion.  Slow strain 

rates and low temperatures promote shear banding. 

• Large nanocrystalline grain sizes experience homogeneous plasticity and 
are only slightly strengthened by relaxation of GB defects.  

• Shear localization reminiscent of metallic glass behavior is observed for 
the two smallest grain sizes.  Relaxation increases strength significantly 
for these samples, but also promotes shear banding. 

• MD simulations show that formation of a localization path and the lack of 
strain hardening mechanisms are key aspects of shear localization failure. 

The University of California, Irvine is located in Southern California, and is 
the only major research university in Orange County. Unfortunately, UC 
Irvine, like many major research institutions, fails to field a student body 
which mirrors the diversity of the community we serve.  The most recent 
freshman class in Engineering at UC Irvine contains only ~20% Hispanic 
students and ~24% female students, which is well below the diversity seen in 
our surrounding communities.  Such a problem is even more pronounced at 
the graduate level.  This underrepresentation is simply a local example of a 
national problem: Hispanic-Americans and women do not receive STEM 
degrees at a rate which is anywhere close to their percentage of the 
population.   

The availability of quality mentors and 
research experiences is essential for a 
solution to underrepresentation. We created 
the Rupert Group Outreach Program 
around such a philosophy, aiming to both 
motivate and enable minority students.  

The major way we have done this to date has been to provide direct research 
opportunities and mentorship.  Students on the graduate, undergraduate, and 
high school level were given independent projects to teach them the scientific 
method and stimulate enthusiasm for engineering sciences. 

Meril Tomy 
HS student 
(Freshman 
at Scripps 
College) 

Meril produced and helped characterize the Ni-W films. 

Clarita Vargas 
UCI Undergrad 

Clarita performed a nanoindentation 
study of shear banding in Ni-W. 

Danny Rodriguez 
UCI Undergrad 
(Vision Industries Corp.) 

Danny helped create 
an analysis tool for 
MD simulations 

Trent Nash 
UCR Undergrad 

Vanessa Dang 
UCI MS student 

800°C 
Annealed 
d = 27 nm 

Vanessa created Cu-Zr powders and 
performed early mechanical testing.  
Trent studied their thermal stability. 

• Research training and mentoring has been provided to multiple students 
from underrepresented backgrounds, fostering their academic growth. 

To impact more students, we are working with the JHU 
Center for Talented Youth to organize a STEM Symposium 
on “Materials Engineering” at UCI in Spring 2014.  We will 
host ~100 promising high school students from the west 
coast, as well as 10 science teachers from nearby Santa Ana. 

Our results show that ordered boundaries leads to premature 
failure.  To combat this, we are trying to add “complexions” or 
stable amorphous grain boundary phases to a nc material.  Cu-
Zr is the model material we are currently exploring. 
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