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Molybdenum disulphide (MoSs):

Run-In Processes

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

Fn

transfer 1) Transfer Film Formation

film "\

basal planes parallel

to surface
—

2) Shear-induced
crystallite re-orientation

@ 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.
oriented surface layer & randomly oriented
of 002 basal planes of MoS; nanocrystalline MoS,
3-10nm sliding surface
B

Deposited film is made of many
small randomly oriented crystallites

Sandia National Laboratories



Friction Experiments

Friction: Amontonian v. Non-Amontonian

I.L. Singer et al., Appl. Phys. Lett. 50, 995 (1990)
Amontonian Friction 020

FRICTION COEFFICIENT

4 ]
HERTZIAN 1aPa

o = m §= So‘l-OéP, where P = FN/Areal

@ F; does not depend on contact Ff = SoAreal + aFn

area p=a+S5,/P
2
S 3R\? 1
@ Kinetic Friction does not depend o FO = 87 <E) FNé

on sliding speed
S, = 25 MPa at 300 K

Sandia National Laboratories



Friction Experiments \
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T-dependence p = (T, P) and S = S(T') via MoSy Friction

xperiments

A) 0.25¢ " . o ez . ' -
E © experiments 3 E_ S —f

E o Dunckleet.al,2011 3 : p== 3

0.20 ;— _; _ 80 - P 3

> F i § ¢ ]
§ orsp 1 = 60F 3
€ L & i £t E
Sowp *oe - B 5
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temperature, 7' (K) temperature, 7'(K)
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Friction cperiments
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Friction cperiments
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yeriments

The probability and failure
to overcome a barrier n

Ao (~AE
120 1,393 Pn = AEXD T
= . approx. barriers: o B
€ 100 T =418K {1,160 2 _
B T =143K z Jn=1-pn
> ool ) T=15K o038 &
2 A ‘ 2
o 60 x 696 g
~ < S 5
@ k A 9 The probability to slide and
= \ [ commensurate . . . . .
i ° o w| ME fail to slide (friction):
= I
% 20 rotation & 232 ;
ey ) A A < _ i
[ . incommensumte‘ e <ol A T[4 3 pslide - Prpz + f?"pC
10 100 10' 100 10° _
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The model and scaled data from S(T) = S f...(T)

S(T) = Spfuu(T)

S(T) =St (1 — exp (————-AEIQ;A,ET) — exp (— ﬁ}ff) + exp (————AE,:B*Q%EC))

What is 5.7
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MD ReaxFF Simulatior

top layer, 1 km/s —»

8

rigid layer 80
mobilelayer S SSSE RSSO IIOBSN * T=75K
nano-platelets » £ — mu=014
4nm £60 A T=150K
mobile layer g — mu=0.11
rigid layer 5 m T=225K
w40 —— mu =0.090
H ® T=300K
z — mu=0.082
=
w

200 300 300
Normal Force (nN)

@ Six normal forces used at each

temperature
o 1 4Fr
M= Try
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Experiments

S(T) =85 (L —exp | —2ELRE ) — exp (B8] + exp (AZHAE:) )

T T
- experiments 1
e simulations
® Dunckleetal, 2011
— full model prediction
simple model prediction

shear strength, S (MPa)
3
I

0 100 200 300
temperature, T (K)
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Friction Experiments
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