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Proj ect Description

1. Area of research

Friction of machine parts in sliding contact is a primary cause of
significant energy |loss, which has a great inpact on the sustainability of
human civilization. For exanple, a conservative study estimated that 1.3 -1.6
% of an industrialized nationa€™ GDP is |ost due to friction and wear of
nmechani cal parts. On nacroscopi ¢ scal es various neans of |ubrication

i ncluding both solid and fluid lubricants can be used for sliding surfaces.
However, solid lubrication through coating may be the only viable technique
of lubrication for small |ength-scale devices such as MEMS (mcro-el ectro-
mechani cal - systens) because fluid lubricants applied to such devices can
cause excessive | oss of power. Thus, significant research efforts have been
made to devel op effective lubricant materials that can be used on m croscopic
scales for a wide range of MEMS applications. Gaphite is a popular solid

| ubricant because its lanellar structure and weak interaction between | ayers
provide |low sliding resistance. In this respect, graphene, one-atomthick
graphite, is an ideal solid lubricant for MEMS |ubrication. Indeed, a nunber
of studi es have shown that graphene can reduce friction and wear at both nano
and microneter length scales. There are other types of 2-D nmaterials, which
share the superior tribol ogical properties with graphene such as h-BN, MS2,
etc. Furthernore, graphene |ayers have been known to possess an extraordi nary
property called superlubricity, i.e., friction between two graphene | ayers
beconmes vani shingly small under sone conditions (e.g. inconmensurate
interfaces exhibit superlubricity as shown in the figure). The objective in
this research is to use atomistic conputer sinulations to study tribol ogica
properties of polycrystalline graphene.

2. Research tasks the student will be perforning

Page 1/2



@ CINCINNATI

UNDERGRADUATES PURSUING RESEARCH IN SCIENCE AND ENGINEERING (UPRISE)

The student will construct conmputer nodels for 2-D materials such as graphene
and h-BN and perform conputer sinmulations using LAMMPS, a popul ar atom stic
simul ation tool developed at Sandia National Lab. The student will also

anal yze the sinulation data using post-processing tools such as OVITO, VMD

3. Training that the mentor will provide to the W SE student

In addition to LAMMPS and OVITO the student will learn basic conputer skills
(Li nux, parallel conmputing) and sone theoretical background know edge (e.g.
mul ti-body dynamics, statistical nmechanics, nunerical nmethods, etc.) that are
needed to performatonistic simulations. The student will cowork with a
graduat e student who can help the student to conduct this research. The
student will also be invited to join our groupa€™ weekly neeting where
graduate students give a tal k about their research areas.

4, Specific requirenents:

There is no specific requirement, but the followi ng skills and know edge wil |
be hel pful; conputer program ng, parallel conputing, Linux operating system
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