A multiscale model of the failure of polycrystalline
CVD-grown graphene subject to nanoindentation
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Abstract

Single crystal graphene has been proven to
be the strongest material ever
characterized through the nanoindentation
of free-standing circular membranes [1].
While chemical vapor deposition offers an
industrially scalable path to generate large
area sheets of graphene, it introduces
defects into the lattice in the form of grain
boundaries. Nanoindentation experiments
of the resulting polycrystaline film
demonstrates a slight reduction in strength
that can be attributed to the grain
boundaries [2]. In order to understand the
mechanical behavior of these grain
boundaries and the probability of failure, we
present a multiscale model of the
nanoindentation of polycrystalline
graphene through the finite element
method. We have developed a membrane-
based cohesive zone model (CZM) to
simulate the grain boundary rupture. To
validate the CZM, we examine the transition
in failure mechanisms from one of elastic
instability to one of grain boundary rupture
based on the proximity of the grain
boundary to the indenter tip and variation
of the indenter tip radius. We finally examine
the probability of failure with both a periodic
and arandom grain structure and compare
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Figures

Figure 1: Perspective view of the displacement
magnitude of the nanoindentation of a free-
standing circular membrane with a single
straight grain boundary running directly through
the center at failure

Figure 2: Maximum In-plane Cauchy stress at

the point of failure immediately beneath the
indenter tip with a single straight grain boundary
running directly through the center
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