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1. Tribology Research content

And other surface
engineering technology
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1. Tribology Research area

1. Microscale
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2. Special
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2. Nanofriction Development

e 3D atomic pictures were scanned by STM.}

/ e Friction at nanoscale was measured by

the modified AFM (called FFM recently).

Why to study on

e Surface topography at nanoscale was
Obtained by AFM.

To serve for the Micro/nano devices.

nanofriction? \ To establish the bridge between macroscale
and nanoscale.
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2. Nanofriction My research topic

Topic: The growth and friction properties of 2D materials

Key words: Superlubricity & Intercalation

Instruments : FFM & AFM

2D materials: Graphene, MoS2 and h-BIN.
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3. Superlubricity Definition & Category

Similar words: Superfluid, Superconductor......

e Surface contact: e Critical velocity: « Excitation S\_Nitch: e Critical normal
lateral stiff and increase with T Modulated bias load: stick-slip
incommensurate voltages motion changes

into sliding mode.

*

Intercalation
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4. Intercalation A “sandwich” system

'The research of intercalation
e Devoted to investigation of the electronic structure and
physical properties
I'The theory of intercalation

e Metal atom-aided defect formation and self-healing of C—C
bonds at high temperature

IThe function of intercalation

e The strong interaction has been blocked and the graphene
is more nearly free-standing

Graphene
Intercalated layers
Substrate
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4. Intercalation Substrate

W
S Pt Qr x
A- d=3.3 d=33
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m x=intoct || x= intoct’

Fig. 1 For the elements labeled in blue, graphene may grow on the bulk-carbides of these
elements. Elements in red are characterized as metals that interact strongly with graphene and
elements 1 yellow are those that interact weakly. ‘S’ or ‘M’ in the upper right corner of each

element-box indicates 1f graphene forms single or multiple rotational domains.
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4. Intercalation Substrate

Table I Thermal expansion coefficient of Graphene/Metal

Metal Gr|| Ir { Re | Rh | Pt | Ru | Pd | Co | N1 | Au | Cu | Ag
a®10°K) | <L|| 65 |66 | 84 | 90 | 94 | 115|124 | 130 | 142 | 185 | 195
Table 2 Melting point of metal

Metal Ag | Cu | Au | Ni | Co | Pd | Pt | Rh | Ru | Ir | Re
Teanng (°C) 962 | 1065 | 1065 | 1455 | 1497 | 1554 | 1772 | 1963 | 2254 | 2447 | 3186
Table 3 Carbon solubilities (atom%) 1n different transition metals at 1000 °C
Metal Au | Ag| Cu | Rh|| Ir JRu| Pt | Ni | Co | Re | Pd
C solubility (atom%) | 0.01 | 0.01 [ 0.04 | 0.89 || 1.35 | 1.56 | 1.76 | 2.03 | 3.41 | 4.39 | 5.98
Table 4 Graphene—Metal separation
Medal Ru | Re | Co| Nt | Rh | Pd | Au | Pt | Cu | Ag | Ir
e (111) | (0oo1) | (ooo1) | (111) | (111) | (0oo1) | @1y | iy | iy | ainy | @
G—M separation (nm) | 0.21 | 0.21 | 0.21 | 0.21 | 0.22 | 0.25 { 0.33 | 0.33 | 0.33 | 0.33 | 0.34
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4. Intercalation Substrate —Ir

Fig. 8 (a) Graphene on Ir(111). The moiré with its 25.3A periodicity is clearly visible
(1300Ax1300 A, UT =1.5V and IT =0.5 nA). (b) Attached to an iridium step edge (left) lies a
graphene flake (100Ax100 A, UT =-0.17V and IT =21 nA).
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4. Intercalation Intercalated layers

Table 2 The ionization potentials of elements (eV)

H He
Basic principle of
B 5 = T o~ ol |~ |l Intercalation:
540 | 9.67 831 | 113 | 145 | 13.6 | 17.4 Atoms with low IP (CS,
Na | Mg Al | Si P S Cl | Ar K, Ba,...) form a
515 | 7.66 599 | 816 | 105 | 104 | 130 monolayer film of
K | Calsc| T |V |cr|om| B0 00 N Q0] 2o GalGel|as|se]s |k || the intercalate under
4.50 6.12 6.57 6.83 6.76 6.78 7.45 . . - 941 6.01 791 9.83 977 11.8 the graphene Iayer'
Rb | St | Y | Zt | Nb|Mo| Tc | Ru | RH | Pd | Mg | cd | m [ sn|sb|Te| I |xXe V\{hereas atoms V_V'th
418 | 570 | 623 | 664 | 677 | 7.10 | 7.29 . . . - 901 | 579 | 735 | 866 | 9.02 | 105 hlgh IP (Pt’ AU, SI"")
. "EE B - form a thick
Cs |[Ba|Ce | Hf | Ta | W |Re | Os | It | B{ | Au | Heg | T1 | Pb | Bi | Po | At | Rn _ )
—— multilayer film.
3.90 522 555 6.83 7.90 799 7.89 8.72 . l . 10.4 6.12 7.43 7.30 8.43 9.24
Low ionization potential - High ionization potential
7|\,(|T BASEL [4] A. Ya, et al., Phys Uspekhi, 36 (1993).




4. Intercalation

Intercalated layers

Annealing Temperature for Ir(111) intercalated system

intercalation Annealing T ___ Remarks ___

Grphene / Ba / Ir(111)
Grphene / Pt /Ir(111)
Grphene / Si / Ir(111)
Grphene / C/Ir(111)

Grphene / Ag / Ir(111)

Grphene / Al / Ir(111)
Grphene / Ir / Ir(111)
Grphene / Cu / Ir(111)

600 °C, 30%; 1300 °C, 50%
700 °C, 100%

700°C, ~100% Two part (thick)
<427 °C, X
>727 °C, up-down layers
<627 °C, thick film X

>627 °C, desorbe
~27°C, X; ~900 °C,
800~1000 °C
900 °C

Grphene / Ceo / Ir(111)

Monolayer, X; Thick layers, v Different structures
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4. Intercalation Intercalated layers — Ceo
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Fig. 5 Schematic for intercalation of the graphene layer on Ir(111) by molecular Ceo: 1) deposited
multilayer film of molecular Ceo; 2) single carbon atom; 3) graphene layer; 4) iridrum substrate.
Temperature: (a) 27°C; (b) 527°C, (c¢) 927°C; (d) 1327°C; (e) 1627°C; (f) 1927°C.
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