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Tribology of 2D Materials

2D nanomaterial lubricants
Control of slip plgne to control friction

Figures: J.C. Spear et al., 2D-nanomaterials for controlling friction and wear at interfaces Nano Today 10 301-314 (2015)
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Molybdenum disulphide (MoSz): Chemistry & sliding friction
Run-In Processes

Fn

molybdenum disulphide
W =0.02-0.06 (inert @ 1N)
p=0.15-0.25 (humid air @ 1N)

transfer 1) Transfer Film Formation

film N\

basal planes parallel

2) Shear-induced Fn
crystallite re-orientation to surface \

@ Molybdenum

(A) Depiction of the layered structure of MoS, lamellae stacked upon one
another. (B) Hexagonal stack lattice structure of MoS, with atomic spacing

and sequencing.

shear
—

oriented surface layer K randomly oriented
of 002 basal planes of MoS; nanocrystalline MoS,

3-10 nm

sliding surface
e

Deposited film is made of many
small randomly oriented crystallites
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Friction: Amontonian v. Non-Amontonian

I.L. Singer et al., Appl. Phys. Lett. 50, 995 (1990)

Amontonian Friction 020
H
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F |NVERSE2HERTZIAP: PHESSU:E, 1/GPa
= L S(P,T
o M FN ,U/(P,T) = %,whereS:SO(T)—i-aP
Q F does not depend on contact ~5,(T) ‘e
area P
2
3
@ Kinetic Friction does not depend ~ SOZ(DT) =8,(T)r (%) F];%

on sliding speed
S, = 25 MPa at 300 K
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T-dependence p = u(T, P) and S = S(T) via MoSs Friction

Experiments
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MD ReaxFF Simulations

Acknow
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* T=75K
— mu=0.14
A T=150K
— mu=0.11
m T=225K
~—— mu = 0.090
® T=300K
—— mu = 0.082

~4nm
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Normal Force (nN)

@ Six normal forces used at each

temperature
_ dFy
@ W= Fy
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MD ReaxFF Simulations

E u=— 3

_®0 } P
3 E 3

top layer, 1 km/s — =
:"!::I:YI:'V“ AAAAAASAL LA AAAAAAAAAAAAAAA AR 2 60p E
HOVOZIDD IO IO FOIBIROOISIDIDIRITYEL IO+ é‘ E M.o. E
nano-platelets ~4nm g a0 o o oPog, {'
mobile layer 4 E ° P RCS E
rigid layer g =
G 20¢ o o ©
0

0 100 200 300

temperature, 7 (K)

@ MD has higher defect density,
similar to St—gx prior to
shear-induced ordering

@ Non-Arrhenius behavior,
temperature transition, and elastic
contact — activated processes and
energy barriers?
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Nudged Elastic Band Calculations and Commensurate Sliding

Translation direction
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A Toy Model in terms of energy barriers (mechanisms to sliding)

The probability and failure
to overcome a barrier n
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The model and scaled data from S(T') = Sr.f....

08 [

normalized shear strength, §/S,_

06 b
[ O experiments ]
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