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Friction

Wear

Lubricity

And other surface 
engineering technology
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1. Microscale

2. Special
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3. Environment
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1982

• 3D atomic pictures were scanned by STM.

1987
• Friction at nanoscale was measured by 

the modified AFM (called FFM recently).

1991
• Surface topography at nanoscale was 

Obtained by AFM.

Why to study on 
nanofriction?

To serve for the Micro/nano devices.

To establish the bridge between macroscale 
and nanoscale.
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Topic:  The growth and friction properties of 2D materials

Key words:  Superlubricity & Intercalation

Instruments：FFM & AFM

2D materials:  Graphene,  MoS2 and h-BN.  
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Semi-conductive

Insulative
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Structrural

• Surface contact: 
lateral stiff and 
incommensurate

Thermo

• Critical velocity: 
increase with T 

Dynamic

• Excitation switch: 
Modulated bias 
voltages

Static

• Critical normal 
load: stick-slip 
motion changes 
into sliding mode.

Intercalation

Similar words:    Superfluid, Superconductor……
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The research of intercalation
• Devoted to investigation of the electronic structure and 

physical properties

The theory of intercalation
• Metal atom-aided defect formation and self-healing of C–C 

bonds at high temperature

The function of intercalation
• The strong interaction has been blocked and the graphene 

is more nearly free-standing

Graphene

Intercalated layers

Substrate
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Low ionization potential High ionization potential

[4] A. Ya, et al., Phys Uspekhi, 36 (1993).

Basic principle of 
Intercalation: 

Atoms with low IP (Cs, 
K, Ba,...) form a 
monolayer film of 
the intercalate under 
the graphene layer, 
whereas atoms with 
high IP (Pt, Au, Si,...) 
form a thick 
multilayer film. 
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Annealing Temperature for Ir(111) intercalated system 

Intercalation Annealing T Remarks

Grphene / Ba / Ir(111) 600 oC, 30%;  1300 oC, 50%

Grphene / Pt / Ir(111) 700 oC, 100%

Grphene / Si / Ir(111) 700oC, ~100% Two part (thick)

Grphene / C / Ir(111) <427 oC, ×
>727 oC, up-down layers

Grphene / Ag / Ir(111) <627 oC, thick film
>627 oC, desorbe

×

Grphene / Al / Ir(111) ~27 oC, ×;  ~900 oC, √

Grphene / Ir / Ir(111) 800~1000 oC

Grphene / Cu / Ir(111) 900 oC

Grphene / C60 / Ir(111) Monolayer, ×;  Thick layers, √ Different structures
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