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Progress in Two-Dimensional Nanomaterials as Lubricant Additives
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( Guangzhou Special Pressure Equipment Inspection and Research Institute, Guangzhou, 510663)

Wang Liangwang, Xiong Lei

Abstract 2D nanomaterials have been intensively investigated for tribological applications due to their unique
molecular structure and lubricating properties. High strength between atoms within the same layer and low interlayer
shear strength make them excellent additives to improve the friction reduction and anti-wear properties of base
lubricants. The tribological performance of two-dimensional (2D) nanomaterials as lubricant additives are reviewed
by three categories: the graphene family, metal dichalcogenides, and others. And the mechanisms of improved

lubrication by these nanomaterials are described. It is pointed out that the problem existed now and more efforts

should be made with respect to the research on 2D nanomaterials as high performance lubricant.
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Tab.1 The mechnical and thermal properties of 2D

nanomaterials graphene, h-BN, MoS, and WSZ:ZLM
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Fig.1 Representative atomic structure of (a) graphene, (b) h-BN, (c¢) MoS, and WS, nanosheets along with illustration of

van der Waals interaction between their atomic/molecular lamellae
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Fig.2 The COFs of PAO2 containing various concentrations

of graphene nanosheets, the normal load was 120 N and the

rotation speed was 250 r/min'**
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(¢, d) Lubricating performances of rGO- and GO-containing lubricants ( PAOG6) (
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Tab.2 Dispersion methods of different graphene and their tribological performance
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ROEE TR, HAHGASAFELE S.PH, M
HFEL A R R 1 2% 1w, LA 5 ) T A IR0 B ]
DATE FE 45 78 vp 48 R AR 2R 458 0, b 00 S 18 ML A
SHRE e A A PR AR E PR h-BN R Dy Vi
THITS 0 751 Fr B ARG 56 A4 )

T 5 i X h-BN 44K H i £ O 12 1 A
FERWIT Na/K s /K B | R 02 ik 12 R Ak s
TR AL A P B H 4 2D S & ALB ( BNNSs ) I
ST h-BN/WS, 545 0 il 25, X745 2D 40K #4

BHGBEEVEREBEAT T I, R I 4T T R
%, % BNNSs 2% il % T 220 A AT PR 247 20 B, i
SIS BNNSs B AT R4 F 58 82 8 453 44 g 5 TR
T T PRk g G B ROR A —
SR 2 TAT R 00 44 K R B A S BOHL P R B
PUBETERE/INIE T B, ORI 1 W BE ) BNNSs 4
DK 8 45 R B I AT A AR R R B, o B2k — 2P Y TR
ABIEFE ., R I 40 K A4 R Y JE 45 1 R L B 51 T
*3,

R3 WA KA BRI R

Tab.3 Lubricating performances of boron nitride nanomaterials

RACTA KA B RIS 25 OB JBEE) 7%/ % 8 ¥ 51 JEE BEROHE ( BEHE A BT, COF, BE it ) Sk

h-BN 44 KBk BRIE WORL K42 20nm 12~16 AR A COF=0.054,WSD=0.53nm [86]

H-BNNPs-ODTES Pk JREEEH 5~ 20nm iﬁgﬁg COBCOOF' ;gsttyﬁg 165(‘%2“ [87]

BNNSs 5 GO & & # ¥ Ak 10 2 i Y S COF=0.082,WSD=0.3nm [88]

BNNSe Ak JEEE A 0. 796nm CSM F%%%Jzi—? COF=0.5 [89]
RSF0.232um it COF #H L T F% 37.5%

BNNSs-ODA Rk 2930 2 0.02mg/mL & IEHEMH  COF=0.095,COF WSD Ml F [ 35% 1 25% [90]
BNNSs(Na/K Sk #i:) Aok L) :200~500nm 9.2 bR R COF \WSD #H LL F |4 22. 4% Fll 53. 8% [85]
BNNSs( BRI EE) Kk R 5F 2100 ~300nm 25.9 bR Rl COF . WSD A tb & 21. 0% F1 25. 6% [85]

BNNSs(MBR A A &) Fk RS :100~500nm 7. 64 bR R COF \WSD #H Lt T F# 25. 1% 1 22. 1% [85]

3.2 HMEHZ4HH

TR R R «-ZeP (BERRES) T LY, 0, (4
fesz) " A B B A IR G5 B Ak i R R R R
R R (S W NN A B O e
EHEE T o-ZeP | Y,0, B4 Az Wy 7E 45 Bl i A
J5E CBLAE K Tl R ) v EE AR bR
SR AR SR AR IR 3 2 Ak AT LR IR il i
TR B e LR BE L 5 2 A AR A OR M R
Fl MoS, AN[R], 33 28 44 2K 4 6k 3% 30 A0 X5 48 i 1Y
TR ] AT AR P S A 4B 2 22 8] Y 5 4 A ) fif
XL AR G5 A A R P52 A KT RE Y . e ATE i ek
75 i A B Bl B8 e D R U D R 4 X R —F 2D 4
KA AR AT LA /D FBE 52 0 433 140 35 L

JAKE B T 4 SR AR (Co(OH) )
YK F MXene/ ¥ 3 Eh (HS) 94 K & A 454 LU K&
BRI A/ A Ak ik (MgAL-LDH/SIO, ) & & #
B il g B R A3 v RO R R A M e Y
T TR S I AR AT A AkARE T S A % e R e
PERE

4 ZHEMPER D EEE RS 5
1€ A
1 3G 4 LA TR 5 Sk DA O T

(1) HE A By i B ik DX 455 (2) B PR 4 0
(3) 420 75 & frk DX 85011 [0 350 0 ) BR 075 (4) 52
VAR BE ) ARG BE L BT 4R MR D R A 1 5 BT
Ao IS A YRR X 2 e AR PR T O A
R

(a) Interlayer sliding
Contact area
b o 8
Lubricant (b) Tribofilm formation
———g

(c) Filling concave

2D nanomaterials

Substrate

mm Tribofilm (d) Fluid flow regulation

Lubricant
===
= = = ==

B 5 2Dk FEDEEMBERAOVE . (a) ENEBRER
BRI, (b) R EEIR AR, (o) 3 A0 8 A X 3 9 [T 3 F0 BT BR
(d) M A R Ak Y
Fig.5 Possible mechanisms of 2D nanosheets to reduce friction
and wear, (a) Entering the contact area of sliding surfaces,
(b) Tribofilm forming, (c) Filling the pits and gaps of contact

area, and (d) Affecting the fluid drag and viscositym'
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