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Sunday, October 20, 2019

Speaker Luncheon — 12 pm — 12:45 pm — Walton
North

Welcome and Introductions — 1:00 —1:15 pm
Grand Ballroom

Plenary Session — TBD —1:15 - 2:00 pm -
Grand Ballroom
Title: TBD

Networking Break —2:00 — 2:40 pm

Technical Sessions —2:40 —6 pm
1A — Material Tribology | |

1B — Surfaces & Interfaces 1

1C — Fluid Lubrication |

1E — Tribochemistry |

Grand Ballroom
Walton South
Georgian Room
Astor Room

Meet & Greet Reception — 6 — 7 pm French Room

Technical Sessions Continued—4:20 -6 pm

Grand Ballroom
Walton South
Georgian Room
Astor Room

3A —Materials Tribology IlI
3B — Surfaces & Interfaces Il
3C — Fluid Lubrication Il

3E - Tribochemistry Il

Poster Session —6 -8 pm

Networking Reception French Room

Tuesday, October 22, 2019

Monday, October 21, 2019

Speaker Breakfast — 8 — 8:45 am Walton North

General Attendee Breakfast — 8 — 8:45 am French
Room

Plenary Session: TBD -9 —9:40 am Grand
Ballroom
Title: TBD

Networking Break (Exhibits & Posters) —9:40 —
10:00 am French Room

Technical Sessions —10:00 am — 12 noon

2A — Materials Tribology Il Grand Ballroom
2B — Surfaces & Interfaces Il Walton South
2D — ASME Workshop Venetian Room
2E — Tribochemistry Il Astor Room

Lunch on Your Own — 12 noon — 1:20 pm

Technical Sessions —1:20 — 3:40 pm

3A —Materials Tribology Ill Grand Ballroom
3B — Surfaces & Interfaces Il Walton South
3C — Fluid Lubrication Il Georgian Room
3E - Tribochemistry Il Astor Room

Networking Break-(Exhibits & Posters) — 3:40-4:20
pm French Room

Speaker Breakfast — 8:00 — 8:45 am —Walton North

General Attendee Breakfast — 8:00 am — 8:45 am —
French Room

ASME Tribology Award Presentations

Plenary Session - TBD- 9:00 am — 9:40 am
Grand Ballroom
Title:TBD

Networking Break (Exhibits & Posters) —9:40 am —
10:00 am French Room

Technical Sessions - 10:00 am - 12 Noon

4A — Machine Elements & Systems Il Grand Ballroom
4B — Surfaces & Interfaces IV Walton South

4C — Lubricants | | Georgian Room
4D - Biotribology | Venetian Room

Lunch on Your Own — 12:00 noon — 1:20 pm

Technical Sessions —1:20 — 3:40 pm
5A — Energy/Environment/Manufacturing | -

Grand Ballroom
5B - Machine Elements & Systems | -
Walton South
Georgian Room
Venetian Room

5C — Lubricants Il
5D - Biotribology Il

Networking Break (Exhibits & Posters) 3:40 — 4
pm French Room

Technical Sessions Continued— 4 —5:00 pm
5A — Energy/Environment/Manufacturing | -

Grand Ballroom
5B - Machine Elements & Systems | -
Walton South
Georgian Room
Venetian Room

5C — Lubricants Il
5D - Biotribology I



Wednesday, October 23, 2019

General Attendee Breakfast — 8:00 am — 8:45 am —
French Room

Special Plenary Symposium — Beyond the Cutting
Edge: Highlights from Tribology Letters —9 am —
12:00 pm Grand Ballroom

Featured Speakers:

9:00 am - 9:30 am

3221821: Unraveling Mysteries of Tribochemistry
Seong Kim, Pennsylvania State University, University
Park, PA

9:30 am - 10:00 am

3218088: One Ring Holds and One Ring Breaks
Yip-Wah Chung, Tobin Marks, Qian Wang,
Northwestern University, Evanston, IL

10:00 am - 10:15 am - Break

10:15 am - 10:45 am

3221447: Blowing in the Wind - On the Formation
and Physical Properties of Wear Particles We
Breathe

UIf Olofsson, KTH Royal Institute of Technology,
Stockholm, Sweden

10:45 am - 11:15 am

3221467: Mechano-Chemical Decomposition of
Organic Friction Modifiers with Multiple Reactive
Centers Induces Superlubricity of Ta-C

Michael Moseler, Gianpietro Moras, Fraunhofer IWM,
Freiburg, Germany

11:15 am - 11:45 am

3219482: Insights into Hydrogel Friction
Rosa Espinosa-Marzal, University of lllinois at
Urbana-Champaign, Urbana, IL



Sunday, October 20, 2019

1A Grand Ballroom

Materials Tribology |

Session Chair: TBD

2:40-3 pm
3200052: The Tribological Performance of Shot Peened AISI5160 Steel
Xue Han, Oakland University, Auburn Hills, Ml

The effect of heat treatment on wear and friction performance of AISI 5160 steel was studied. The AlSI
5160 steel samples were austempered at 288°C, 316°C, 343°C, 371°C, 399°C, 427°C, and 454°C for 2
hours until the bainite transformation was complete. In addition, the influence of shot peening on the
wear and friction behavior of heat treated 5160 steel was studied. The microstructure, hardness, and
residual stress of specimens were studied by optical microscopy, scanning electron microscopy, Vickers
micro-hardness, 3D-profiler, and X-ray diffraction. Austempering temperatures of 288°C, 316°C, and
343°C produced lower bainite with better wear behavior than austempering temperature of 371°C,
399°C, 427°C, and 454°C which produced upper bainite. Moreover, shot peened specimens had better
wear behavior than non-shot peened specimens for austempered temperatures from 288°C to 371°C.
Abrasive wear was the primary wear mechanism for all test specimens.

3-3:20 pm
3221213: Structural Change in 304L Stainless Steel near Surface Material by Micro-Impact Texturing
M. Cinta Lorenzo Martin, Oyelayo Ajayi, Argonne National Laboratory, Lemont, IL

Tribological behaviour of various materials is strongly dependent on the near surface material region.
There are different ways to modify the near surface material properties, such as heat treatments,
coatings and laser texturing. Other forms of near surface material modification involve mechanical
actions, such as short-pinning, pattern honing and friction stir surfacing. Micro-impact texturing is
another mechanical surface engineering method. The process involves hitting the surface with fine
particles at high impact velocity (sand blasting). The process changes the surface morphology by
creating an anisotropic micro-indents pattern on the surface. This paper presents the evaluation of near
surface material changes as a result of impact texturing of austenitic 304L stainless steel. The near
surface structure was evaluated by several characterization techniques such as XRD, optical microscopy
and electron microscopy (SEM, EDS, and TEM). For metastable materials such as austenitic steel, impact
texturing produced phase transformation and the formation of martensitic phase in the near surface
material to a depth of 5-15 microns (depending on impact parameters). This phase was observed to
result in 2 order of magnitude wear reduction compared to the non-textured material under dry and
marginal lubrication in reciprocating sliding contact against 440C steel ball.

3:20 - 3:40 pm

3199789: Effect of Surface Texture on the Dynamic Friction Behavior of PTFE Sealing Materials

Jian Wu, Yonggang Wang, Youshan Wang, Benlong Su, Zhibo Cui, Harbin Institute of Technology, Weihai,
Shandong, China

PTFE is widely used as a sealing materials due to its low friction coefficient. With the development of



surface texture technology, it is possible to improve the sealing life of PTFE under complex
environments such as high pressure and oil medium. So dynamic friction test platform is developed for
simulating the high pressure, oil medium environments. Then, the effects of different loads, speeds and
textured surface on the dynamic friction characteristics are studied. Fluid-solid coupling simulation
model of textured PTFE has been developed by ABAQUS. Results indicate that friction coefficient
increases with increasement of slip speed; friction force cannot be reduced by texturing PTFE; however,
the friction force of textured PTFE decreases under oil condition compared with conventional PTFE seal.
The complex evolution law of surface deformation and contact in dynamic friction process have been
revealed, which lays the foundation for high performance sealing materials and structural design.

3:40 -4 pm

3209141: Self-Competing and Coupled Effect of Laser Engraved Counterface Groove Depth, Density
and Directionality on Wear of Alumina PTFE

Kaisen Zhang, Hefei University of Technology, Hefei, China

Recent works found lapped counterface roughness perpendicular to the sliding direction could
significantly improve debris retention and reduce the wear of an alumina PTFE solid lubricant by 70%. In
this paper, we aimed to test the independent effects of roughness groove depth, density and
directionality on debris retention and wear performance of a well-studied alumina PTFE solid lubricant
using laser textured counterfaces. Grooves were textured parallel or perpendicular to the polymer’s
sliding direction and with independently varied depth and interval. A new surface directionality
parameter was defined to quantify surface directionality before and after the wear test. The results
suggested both groove depth and interval have self-competing effect on wear due to the in-situ
grounding of the counterface topography during sliding. Groove direction, surface directionality and
wear are also strongly correlated. A conceptual framework was proposed to illustrate the relations
between counterface texture, polymer wear, surface directionality and counterface abrasion.

4-4:20 pm

3240511: Modeling Water’s Role in the Initial Friction Behavior of MoS, Films

John Curry, Sandia National Laboratories, Albuquerque, NM, Tomas Babuska, Lehigh University,
Bethlehem, PA, Brendan Nation, Sandia National Laboratories, Alouquerque, NM, Brandon Krick, Lehigh
University, Bethlehem, PA, Michael Dugger, Michael Chandross, Nicolas Argibay, Sandia National
Laboratories, Albuquerque, NM

The transition to steady state, or run-in, for solid lubricants is a relatively unexplored and poorly
understood aspect of performance. More importantly, for many precision components such as those
used in mechanisms for aerospace applications, duty cycles frequently limit all operation to the run-in
phase. This talk focuses on factors that contribute to increased friction during run-in, with a focus on the
role of water in the contact and in the bulk of the film over time. Friction experiments were carried out
in environments from ambient conditions to UHV over a wide range of dwell times. A mechanism for
water’s role is discussed and a generalized model is presented to help predict aging effects of water on
run-in behaviors for MoS, films. This work was funded by the Laboratory Directed Research and
Development program at Sandia National Laboratories, a multimission laboratory managed and
operated by National Technology and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of
Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security
Administration under Contract DE-NA0O003525. Any subjective views or opinions that might be
expressed in the paper do not necessarily represent the views of the U.S. Department of Energy or the
United States Government.



1B Walton South

Surfaces and Interfaces |

Session Chair: TBD

2:40-3 pm

3222390: Electrical Contact Resistance at Gold/Graphene Interfaces

Mohammad R. Vazirisereshk, Saima A. Sumaiya, Mehmet Baykara, Ashlie Martini, University of
California Merced, Merced, CA

Recent studies have shown that a major limitation of graphene-based nanoscale electronic devices is
electrical contact resistance (ECR) at metal/graphene interfaces. ECR nominally depends on the
properties of the contact between the graphene and metal electrodes, i.e. size, shape and morphology,
but is also affected by atomic-scale details in the interface. However, studies of ERC mechanisms at the
atomic scale are challenging due to difficulties associated with characterization of the buried conducting
interface. In this work, atomistic simulations and conductive atomic force microscopy (C-AFM)
experiments are used to study ECR across the interface formed between gold islands of varying lateral
size and a highly oriented pyrolytic graphite (HOPG) surface. The size and shape of the atomically-
smooth interface between the gold islands and HOPG are determined via C-AFM experiments, such that
variations in ECR can be directly related to the geometry of the contact. Molecular dynamics simulations
are then used to model the gold islands, tip apex and near-contact HOPG, with a modification that
enables electrical current to be approximated without explicitly modeling electrons. The combination of
C-AFM measurements with atomistic simulations provide insight into the correlations between
structural, mechanical and electrical properties of nanoscale contacts, which are of paramount
importance for the design of next-generation materials and devices.

3-3:20 pm
3221593: A Comparison of Nanoscale Measurements and Models of Real and Nominal Contact Areas
Robert Jackson, Yang Xu, Yan Chen, Angi Zhang, Barton Prorok, Auburn University, Auburn, AL

In this study, a new experimental method is proposed to measure the real area of contact between a
ceramic sphere and an Al surface based on the adhesive transfer of the Au film and the Scanning
Electron Microscope (SEM) in the back-scattered mode. A thin film of Au is sputtered on the ceramic
sphere before the indentation with the Al surface. After indentation, the interfaces of the ceramic
sphere and Al surface are observed by SEM. The contact area can be identified based on both the
distributions of the ceramic and Au on the ceramic sphere and Al surface, respectively. The measured
contact area at different nominal pressures are compared to predictions made by several popular
theoretical elastic-plastic rough surface contact models.

3:20 - 3:40 pm
3200257: Verification of Three Friction Models for a Contact Patch with Uni-Axial Loading
lyabo Lawal, Matthew Brake, Rice University, Houston, TX

Multiple contact patches exist for a given interface and the evolution of the contact patch depends on
the frictional response. The surface topology, and local material properties (Elastic Modulus, etc) change
in response to several variables including: loading of the interface, geometry of the interface and
material properties. How interfaces in structural dynamics evolve with uni-directional reciprocating



loads is an area of Structural Dynamics with a high amount of uncertainty. [1] These combined effects
illustrate the complexity of how the interface evolves with time. This work will verify three different
friction models: Coulomb, Stribeck and Bouc-Wen to help predict how the contact patch topology and
local material properties changes in response to known loads. AlISI 304 SS is used in testing. Modelling is
based on 2-D plane strain FEM (Finite Element Method) simulations with experimental validation of the
incomplete contact with a flat-on-sphere tribometer.

3:40-4 pm

3205617: Multiscale Computational Scheme for Semi-Analytical Modeling of the Point Contact of
Inhomogeneous Materials

Mengqi Zhang, Southwest Jiaotong University, Chengdu, China

Semi-analytical models (SAMs) have been developed to analyze contact problems efficiently, including
those of inhomogeneous materials, based on the equivalent inclusion method. However, understanding
the behavior of microscopic inhomogeneities requires SAMs of even higher efficiency. This study builds
a new semi-analytical model for high-speed simulations of contacts of materials containing distributed
particles of sizes orders of magnitude smaller than that of the contact radius. The domain
decomposition method is applied to construct a two-level mesh set to implement multiscale
computation. The macroscopic mesh uses homogenized elements that ensure a high computing
efficiency in obtaining the contact pressure distribution as a boundary condition, whereas the material
microstructures are modeled using the microscopic mesh, and thus the microscopic stress and strain are
obtained. New influence coefficients are derived for eigenstress and eigenstrain calculations in both
mesh levels and are used to calculate the eigenstress and equivalent eigenstrains. The new model is
implemented to investigate the effects of particle clustering on the contact performances of
composites.

4-4:20 pm

3253145: Simulating the Interaction between Surfactants and Iron Oxide Interfaces: From Density
Functional Theory to Molecular Dynamics Simulations

Daniele Dini, Carlos Ayestaran-Latorre, James Ewen, Imperial College London, London, United Kingdom,
Chiara Gattinoni, ETH Zurich, Zurich, Switzerland

Understanding the behaviour of surfactant molecules on iron oxide surfaces is important for many
industrial applications. Molecular dynamics (MD) simulations of such systems have been limited by the
absence of a force-field (FF) which accurately describes the molecule-surface interactions. In this study,
interaction energies from density functional theory (DFT) calculations with a van der Waals functional
are used to parameterize a classical FF for MD simulations of amide surfactants on iron oxide surfaces.
The Original FF, which was derived using mixing rules and surface Lennard-Jones (LJ) parameters
developed for nonpolar molecules, were shown to significantly underestimate the adsorption energy
and overestimate the equilibrium adsorption distance compared to DFT. Conversely, the Optimized FF
showed excellent agreement with the interaction energies obtained from DFT calculations for a wide
range of surface coverages and molecular conformations near to and adsorbed on a-Fe203(0001).

4:20 - 4:40 pm

3257250: MD Simulations of Friction and Wear of Fuel Surrogates

Judith Harrison, US Naval Academy, Annapolis, MD, J. Schall, Oakland University, Rochester, Ml, Sabina
Maskey, Brian Morrow, US Naval Academy, Annapolis, MD

The application of carbon-based coatings to engine components has become increasingly more



common. Coatings, such as ultrananocrystalline diamond (UNCD) and amorphous carbon (a-C:H) can
have a wide-range of properties but are generally attractive due to their wear resistance. At the same
time, alternative fuels, such as Catalytic Hydrothermal Conversion Jet (CHCJ), diesel (CHCD) and others
are being developed. Because these fuels are complex, surrogates for these fuels have been developed
so that impacts of changes in composition on properties and combustion can be studied. To date, little
effort has been devoted to the study of the interactions of these fuels with engine coatings. The results
of molecular dynamics (MD) simulations using both the REBO+S and the ReaxFF potentials, that examine
the interaction of two- and three-component CHCJ surrogates with carbon-based engine will be
presented.

4:40 - 5:20 pm

3253437: Spotlight Presentation: A Near-Surface Microstructure Evolution Map for CuNi Alloys under
Sliding Obtained from Large-Scale Molecular Dynamics

Stefan Eder, Vienna University of Technology, Vienna, Austria, Ulrike Cihak-Bayr, Manel Rodriguez Ripoll,
AC2T research GmbH, Wiener Neustadt, Austria, Daniele Dini, Imperial College London, London, United
Kingdom, Carsten Gachot, Vienna University of Technology, Vienna, Austria

In this work, we study the microstructural response of five FCC CuNi alloys subjected to sliding with
molecular dynamics simulations featuring tens of millions of atoms. The initial grains average 40 nm in
size to ensure that plasticity is not dominated by grain boundary sliding, so our polycrystalline aggregate
exhibits dislocation pile-up, twinning, and grain refinement analogous to polycrystals with much larger
grains. By analyzing the depth-resolved time development of the grain size, twinning, shear, and the
stresses in the aggregate, we produce a microstructure evolution map for CuNi alloys. This captures the
predominant microstructural phenomena occurring for a given composition and normal pressure, and
aids engineers in optimizing materials/surfaces to work within a required operating range. We compare
tomographic visualizations of our atomistic model with focused ion beam images of the near-surface
regions of real CuNi alloys that were subjected to similar loading conditions.

1C Georgian Room

Fluid Lubrication |

Session Chair: S. Bair, Georgia Tech, Atlanta, GA

2:40-3 pm

3189153: Parallel Thrust Bearings, a Comparison Between Experiments and CFD
Thermoelastohydrodynamic Simulations

Michel Fillon, Anastassios Charitopoulos, Pprime, Poitiers, France, Christos Papadopoulos, National
Technical University of Athens, School of Naval Architecture and Marine Engineering, Athens, Attika,
Greece

Experimental studies have demonstrated that parallel surface thrust bearings are capable of supporting
thrust loads, a phenomena that cannot be predicted with the use of the classic hydrodynamic
lubrication theory [1]. The literature gives various explanations of the load carrying capacity of parallel
thrust bearings [2]. Recent studies concluded that the main pressure build-up mechanism is the
temperature deformation of the bearing pad geometry [3], but other phenomena also contribute to the
load carrying capacity. On the current work the effect of the “imperfect” parallel surface will be studied,



in means of comparison of experimental results with 3D CFD ThemoElastoHydroDynamic computational
models.

3-3:20 pm
3237963: CFD and Experimental Investigation of Spring Supported Thrust Bearings
Samuel Cupillard, Hydro-Quebec, Varennes, Quebec, Canada

Spring supported thrust bearings are equipping a wide portion of the hydraulic turbines of Hydro-
Québec. Despite operating adequately most of the time, unexpected behaviors and failures occur time
to time. Some elements of designs are often questioned and bring us to the fact that more knowledge is
required when maintenance and repair are needed. To achieve that, a thermo-elasto-hydrodynamic
(TEHD) numerical model has been developed to predict the performance of such bearings. The TEHD
model enables a 2-way fluid-structure coupling in order to calculate the pad deformations. Besides,
some measurement campaigns have been performed on two different types of thrust bearings
equipping hydraulic machines of Hydro-Québec. The results from the numerical model are well in
agreement with the experimental measurements in terms of film thickness and temperature. The
measurements together with the simulations have contributed to a better understanding of the
behavior of this type of thrust bearing.

3:20 - 3:40 pm

3218323: A Computational Fluid Dynamics (CFD) Investigation of Inertia Effects in the Hydrodynamic
Lubrication of Journal Bearings; Static and Dynamic Performance

Troy Snyder, Minel Braun, University of Akron, Talmadge, OH

The use of computational fluid dynamics (CFD) in the analysis of journal bearing performance can widen
the predictive envelope beyond the classical Reynolds equation. In this paper, CFD is used to evaluate
the static and notably the dynamic performance of journal bearings at operating conditions where
inertia effects are significant, and the assumptions underpinning the classical Reynolds equation cease
to be valid. Linearized dynamic coefficients obtained from a transient CFD-FSI approach are directly
compared with those obtained from the perturbed Reynolds equation. Inertia effects are explored
through iterative modification of the Reynolds equation as well as Stokes and Navier-Stokes forms of
equations. Threshold values of Reynolds numbers for which advective and temporal inertia effects can
respectively be neglected, are elucidated and compared with previous investigations. At high Reynolds
numbers, turbulence effects are also considered through both CFD and Reynolds equation frameworks.

3:40 - 4:20 pm

3221522: Spotlight Presentation: Comparison of Dry and Lubricated Traction in Rolling Contacts - A
Review

Gerhard Poll, Leibniz University Hannover, Hannover, Lower Saxony, Germany

In dry rolling contacts, slip is known to be the result of elastic deformations of the contacting solid
bodies when subject to tangential forces. The Coulomb friction law is commonly applied to determine
the maximum traction. Thus, solid contact mechanics are governing the traction characteristics. In
contrast, in lubricated contacts, fluid rheology is thought to prevail. In reality, solid body elastic
deformations as a result of tangential forces also exist in lubricated contacts. and should be considered
at high pressures. Also, the lubricants tend to solidify into a glassy state with increasing pressure and
then need to be regarded as solid interfacial layers with elastic properties. On the other hand, the
surfaces in dry contacts are often not “clean” and covered by layers with specific rheological properties.
Given the fact that discussions in the scientific community have re-intensified recently, the authors



intend to review the state of research regarding this topic.

4:20 - 4:40 pm
3221273: Coupling Transient Mixed Lubrication and Wear for Journal Bearing Modeling
Yanfeng Han, Guo Xiang, Jiaxu Wang, Chongging University, Chongging, China

A transient Mixed Lubrication-Wear coupling model (MLW coupling model) is developed to investigate
the mixed lubrication and wear performances of journal bearings, and a wear experiment is performed
to verify the developed numerical model. In the coupling numerical model, the transient interaction
between the behavior of mixed lubrication and wear is considered by incorporating the wear depth
distribution, which is determined by the developed friction fatigue wear model, into the film gap
equation. The evolutions of the worn surface profile, wear rate, fluid pressure and asperity contact
pressure over operating time are calculated by the developed numerical model. The simulated results
demonstrate that the transient wear process affects the distribution trend of lubrication performances
significantly, and a worn surface profile may exist that provides an optimal tribology performance of
journal bearings. The simulated results also demonstrate that there are two wear stages, identified by
initial and steady wear stage, of journal bearings under mixed lubrication condition. Furthermore, the
effects of the input parameters, including the radius clearance(C), surface roughness (s), asperity
curvature radius (b) and boundary friction coefficient(m.), on the predicted mixed lubrication and wear
performance are evaluated.

4:40-5 pm

3221275: Comparative Analysis of Groove and Dimple Shape Partially Textured Journal Bearing under
Various Conditions

Anil Shinde, Annasaheb Dange College of Engineering, Ashta, Sangali, Maharashtra, India

The present study deals with comparative analysis between ellipsoidal dimple and rectangular groove
shape partially textured bearing under various conditions. The performance characteristics viz. load
carrying capacity; frictional torque and coefficient of friction for rectangular groove and ellipsoidal
dimple shape texturing is studied numerically at the different number of array, height of texture and
axial spacing between texturing. A three dimensional thin film flow analysis model of COMSOL
Multiphysics 5.0 software is used to compare the static performance characteristics of different
configurations of the bearing system. The numerical analysis is carried out at same textured area and
textured location for all configurations. From the analysis, it is found that, ellipsoidal dimple shape
texturing gives best performance as compared with other configurations.

1E Astor Room

Tribochemistry |

Session Chair: TBD

2:40 - 3:20 pm

3221348: Spotlight Presentation: Probing and Understanding Elementary Steps in Tribochemical
Reactions

Wilfred Tysoe, UW Milwaukee, Milwaukee, WI



Tribology invesigates the effects of mechanical forces during sliding. The effect of stress on
tribochemical reaction rates is described using the Bell model but obtaining a molecular understanding
of the way in which an external force modifies reaction rates requires knowing the elementary steps for
a simple model reaction pathway. This is illustrated for the gas-phase lubrication of copper by dimethyl
disulfide where two stress-activated elementary-step reactions are identified. The first is the
tribochemical decomposition of adsorbed methyl thiolate species to form gas-phase hydrocarbons and
chemisorbed sulfur. In a second stress-induced reaction, surface sulfur is transported into the
subsurface region of the copper. The first effect is investigated theoretically using quantum calculations
and the results are compared with those for the decomposition of methyl thiolate species on a Cu(100)
single crystal substrate measured by atomic force microscopy in ultrahigh vacuum.

3:20- 3:40 pm

3253169: Reactive Simulations Deconvolute the Effects of Heat and Shear on Iron Sulfide Film
Formation

Ashlie Martini, Karen Mohammadtabar, University of California Merced, Merced, CA, Stefan Eder, Nicole
Dorr, AC2T, Vienna, Austria

Tribofilm formation is believed to be accelerated by multiple factors in a sliding contact, but the
individual contributions of these factors are not fully understood. In this study, we use reactive
molecular dynamics simulations to deconvolute the effects of heat, load, and shear force on chemical
reactions between di-tert-butyl disulfide, an extreme-pressure additive, and Fe(100), a model
approximation of the ferrous surfaces of mechanical components. The reaction pathway is characterized
in terms of the number of chemisorbed sulfur atoms and the number of released tert-butyl radicals
during heat, load and shear stages of the simulation. Chemisorption is limited by accessibility of reaction
sites, so shear accelerates the reaction by facilitating movement of radicals to available sites. Analysis of
tert-butyl radical release in the context of an Arrhenius-based model for mechanochemical reactions
shows that shear lowers the energy barrier for reactions, implying that, in lubricated contacts, the effect
of shear will be dominant at lower temperatures, which are expected to arise under moderate sliding
conditions.

3:40-4 pm
3221533: Dynamics of Viscosity Index Improver Polymers under Shear and Confinement
Hitoshi Washizu, Soma Usui, Taiki Kawate, University of Hyogo, Kobe, Japan

Molecular dynamics of viscosity index improver polymers are investigated by multiphysics simulations.
The Brownian motion of polymer segment is described by Langevin dynamics. Flow of base oil is
calculated solving Navier-Stokes equation by lattice Boltzmann method. The force between the polymer
segments and solvent base oil is calculated by Stokes force applying on the center of the mass of
polymer segments, using the mean velocity from the fluids. Under no-shear system, the radius of
gyration increases with the polymer weight increases, as is predicted, whereas the reverted dependence
is found in the shear case. In bulk solution under shear, the inverted temperature dependence of the
radius of gyration of polymers are found. This is due to the decreasing viscosity of the base oil due to the
temperature rise. Although this behavior is not reported yet, this tendency is good for viscosity rise in
the low velocity region, and do not inhibit the friction loss in the high velocity region.

In confined solution under shear, given by the movement of a solid wall, the polymer molecules moved
to the solid wall direction, due to the lift force. The lift force increase with the addition of the polymer
weight. This means, not only the inter-molecular force but the hydrodynamic force is important to
understand the viscosity improving and adsorption process.



4-4:20 pm
3204786: A Quantum Chemical Study of Behavior of Boundary Lubricating Additives
Chao Zhang, Shanghai University, Shanghai, China

Dmol® module in Materials Studio 2017 software based on the density functional theory (DFT) is used at
the atomic level for the calculation of the energies and structures of all reactants, products,
intermediates, and transition states of a set of isomerization, decomposition, adsorption, desorption,
oxidation, restortion, and polymerization reactions that engine oil friction reduction and antiwear
additives may take part in under boundary lubricating condition. ZDDPs, MoDTCs, advanced
environment friendly alternative lubricants and additives on surfaces of steels, other metals, and DLC
coatings are employed to investigate thei