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Session Chair: TBD
Session Vice Chair: TBD

8:00-8:40 am
Invited Speaker

8:40-9:00 am

4416017: Probing the Nanoscale Friction and Wear Behaviour of Graphite in n-Hexadecane
Jitendra Soni, Nitya Gosvami, Indian Institute of Technology Delhi, New Delhi, India; Zhijiang Ye, Miami
University, Oxford, OH

The lubrication properties of graphite are highly environment-sensitive, with near-surface adsorption and
intercalation of various adsorbates strongly influencing its friction and tribological performance. Here, we
present nanotribological studies performed on highly ordered graphite surface in n-hexadecane, where
molecules organize themselves to form solid-like ordered structures at the graphite-liquid interface,
driven by minimization of interfacial free energy via near-epitaxial registry and efficient molecular
packing. Using AFM, we show that such ordering considerably reduces friction relative to that in ambient
conditions, exhibiting a non-linear load dependence, while simultaneously affecting the wear behaviour
at graphite step-edges. Molecular dynamics simulations elucidates the molecular-level mechanisms
underlying the observed effects. These findings offer liquid-mediated lubrication pathways for nanoscale
devices, graphene-based coatings and energy-efficient applications.

9:00-9:20 am

4420335: Formation of Nanomaterial Tribofilms in an EHL Contact and the Interaction with Various
Additive Chemistries

Jannat Ahmed, Kerry Cogen, Infineum USA L.P,, Linden, NJ; Robert Wiacek, Z. Serpil Gonen-Williams,
Dedrick Morgan, Karishma Bhardwaj, Pixelligent Technologies LLC, Baltimore, MD

Zirconia nanoparticles in base oil have been observed to form tribosintered zirconia films on surfaces in
an elastohydrodynamic contact. These zirconia films are being studied to understand the potential for



improved durability of these surfaces. In this work, various lubricant additives are blended with the
nanoparticles to see if synergies can be found for the rate of the film formation, the friction observed, and
the performance and durability of these protective films. To evaluate film formation and friction, the Mini
Traction Machine (MTM) equipped with Spacer Layer Imaging Method (SLIM) is employed. The SLIM
attachment enables in-situ imaging of the ball surface during testing, allowing real-time observation of
tribofilm evolution.

9:20-9:40 am

4438445: Nano-scale Multimodal AFM System for Visualization of Friction and Solid-liquid
Interfacial Structure

Kaisei Sato, Yuya Yamagushi, Shinya Sasaki, Tokyo University of Science, Tokyo, Tokyo, Japan

Understanding friction phenomena at the molecular scale requires simultaneous observation of
interfacial structure and shear response. In this study, we developed a nano-scale multimodal AFM
system combining frequency-modulation AFM (FM-AFM) and lateral force microscopy (LFM) to visualize
both normal and lateral interactions at the solid-liquid interface. The system enables simultaneous
acquisition of repulsive and lateral forces with nanometer resolution by integrating a lock-in amplifier to
extract torsional signals during FM-AFM measurement. Using n-hexadecane containing stearic acid as a
model lubricant, we successfully observed the molecularly layered solvation structure and the
corresponding frictional force distribution. Our results demonstrate that the developed multimodal AFM
system provides a powerful approach to elucidate the origin of boundary lubrication at molecular scale.

9:40 - 10:00 am - Available Time Slot
10:00 - 10:40 am - Break

10:40-11:20 am
4498611: Invited Speaker: Structural Superlubricity: From Growth Selectivity to Defect Healing
Oded Hod, Tel Aviv University, Tel Aviv, Israel

Nanotribology, the science of friction, wear, and lubrication at nanoscale contacts, reveals fascinating
phenomena that offer unique research and technological opportunities. Specifically, nanoscale layered
material interfaces exhibit robust superlubric sliding (with friction coefficients below 10-3) and negative
differential friction coefficients, where friction reduces with increasing normal load. In my talk, | will
describe our recent work demonstrating how superlubricity facilitates the uniform growth of homo-chiral,
ultra-long and narrow graphene nanoribbons directly atop and within insulating hexagonal boron nitride
substrates. | will further show how edge elasticity dictates frictional scaling in layered interfaces and will
introduce the concept of chemifriction. Using our recently developed machine-learning potentials for
defected layered interfaces | will demonstrate how interlayer covalent bonding may enhance friction but
also induce mechanisms for structural defect healing.

11:20-11:40 am

4423251: Superlubricity-Assisted Auto-Kirigami in Graphene Studied by Atomic Force Microscopy
Lithography

Li Yuan, Cangyu Qu, Shuai Zhang, Robert Carpick, University of Pennsylvania, Philadelphia, PA; Graham
Cross, Trinity College Dublin, Dublin, Ireland

Auto-kirigami (AK) refers to spontaneous tearing and folding of atomically thin membranes into multilayer
ribbons, a novel phenomenon with potential applications in electronics, semiconductors, and advanced



surfaces. Tribology is central in AK growth, as it requires sliding between folded ribbons and the
underlying sheet. Earlier studies assumed frictionless sliding, but a clear mechanistic understanding was
lacking. We present a continuum model showing that finite friction would cause AK to taper progressively
during growth. By inducing AK with atomic force microscopy lithography, we observe ribbons with
constant tapering angles, indicating that sliding occurs with unobservably low friction. Lattice-resolved
analysis further shows that the ribbons stabilize at a ~30° twist relative to the host sheet, an
incommensurate stacking configuration. This establishes AK as a superlubricity-assisted process where
elasticity, fracture, adhesion, and interlayer friction are intimately coupled.

11:40 am - 12:00 pm

4423451: Effect of Molecular / Particle Geometry on Boundary Layer Slip Approaching an Asperity
Contact

Nicole Dorcy, Henry Soewardiman, Shuangbiao Liu, Yip-Wah Chung, Q. Jane Wang, Northwestern
University, Evanston, IL; Stephen Berkebile, US Army DEVCOM Army Research Laboratory, Aberdeen
Proving Ground, MD

Molecular geometry greatly influences the behavior of fluids approaching an asperity contact blockage
particularly in the micro- and nano- scales. The morphology of fluid particles can be quantified using
their radii of gyration and length/width ratio. Molecular dynamics simulations are applied to measure the
boundary layer velocity of a flow involving particles of different shapes/sizes as it approaches a
converging channel towards a complete blockage to study the impact of particle geometry on boundary
layer slip. Formulas for boundary layer velocity, point of slip initiation, and point of flow stoppage are
further extended to include the effects of molecular shape factors such as radii of gyration and the
length/width ratio.
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Session Chair: TBD
Session Vice Chair: TBD

2:00-2:40 pm
Invited Speaker

2:40-3:00 pm

4437372: Tribooxidation of Etched Silicon Oxide-covered Surfaces

Philip Egberts, Zuhaa Khan, Chaochen Xu, University of Calgary, Calgary, Alberta, Canada; James Schall,
North Carolina Agricultural and Technical State University, Greensboro, NC; Judith Harrison, United
States Naval Academy, Annapolis, MD

Nanoscale friction plays a crucial role in the design and performance of micro- and nano-
electromechanical systems, typically constructed from silicon. We investigated the tribological
properties of etched silicon wafers and observed that initially high friction forces decrease sharply with
increasing normal load, producing a pronounced negative friction coefficient. Under low normal forces (5
nN), repeated scanning with an atomic force microscope induced significant reductions in friction, as
well as changes in surface morphology, phase, and surface potential. Exposing the wafers to the ambient



lab environment over the period of a day resulted in these transient effects being lost. Atomistic
simulations are being used to examine the hypothesis that etching silicon wafers results in a surface
termination of the native silicon oxide on the wafer that will react with the ambient water in the air,
thickening the oxide surface during scanning.

3:00 - 4:00 pm - Exhibitor Appreciation Break
4:00 - 4:40 pm - Invited speaker

4:40 - 5:00 pm

4423448: Quantification of Boundary Layer Slip Approaching an Asperity Contact Modeled in
Molecular Dynamics Simulations

Nicole Dorcy, Henry Soewardiman, Shuangbiao Liu, Yip-Wah Chung, Q. Jane Wang, Northwestern
University, Evanston, IL; Stephen Berkebile, US Army DEVCOM Army Research Laboratory, Aberdeen
Proving Ground, MD

Asperity contacts alter the surrounding fluid-solid interactions, particularly at the micro- and nano-
scales, where the validity of the ‘no-slip’ assumption becomes a concern. This study utilizes molecular
dynamics simulations to explore this problem by modeling a shear-driven converging channel flow
approaching a total blockage. The boundary layer velocity is numerically measured along the channel to
capture the point where the no-slip condition fails and how variable slip develops approaching the
channel close. A regime of simulations was run to characterize the effect of incline severity on the
boundary slip variation resulting in a set of formulas to describe the boundary layer velocity, point of slip
initiation, and point of flow stoppage with respect to the channel geometry, entraining velocity, and fluid-
solid interaction properties.

5:00 - 5:30 pm - Nanotribology Committee Meeting



