FmFEAR 2k 2
- 78 - SURFACE TECHNOLOGY 2023 42 A

&
&t
N~
At
55

AEHRENRERERARTREIR

j”ﬁﬂ"z 10'2, Q[E&]G, %ﬁ% 2’ SE%ESS,
FXRIE", FHE, T

(W [EFEEPIFR o XFBHIERAEORNKERELTNZE bW~ REHNSER LEHAR
A, LR 100072; 2 488K Vi L2206, tE M8 411105; 3.00EERISITITEI,
BEFE 403 714200; 45178 T KRS MEBTIESM, 175 )N 341000)

WE. s EMBFkBREMET T ERFOMIL, PR, EVREFRERETRLAEF T2
BERAM R, GAMEBABT 6O EHRBIE, WIS &, 358 B A0 03 v
R F SR EAN L, BN FES KA FEMRTRIINGEGG BRI, RE, MET 625G H
WA B LB SEAIL, 55 H) A BB SALIL Fr Sk B B0 B R T AS AL WS B BHR R GG AR LA B TR
TR R TOUT AR, b el b & RN & R B B AR R B & T kAT T A
B, TBASHEEE, WFEAMARE, BRBRESF, SR T RARAET EREE, b TRtk
HRILER PR TR, RRAERREANG G EHEENET R, R, 4156 2 BERE R &R &F
LR P, 3o B R E R RO R A R s AT T R, R T B E MRS B BN oA

Rl BFEME, APROER, P TE B e @A F XA T RA. Of0
KR o2 RERBRE; LERE; FRR; 2FERKT |
mESES: THII7.] XEFRIRB: A XEHS: 1001-3660(2023)02-0078-10 [w] A=
DOI: 10.16490/j.cnki.issn.1001-3660.2023.02.008 2 A LI

Research Status of Graphene Friction Reduction and
Anti-wear Coating Technology

LIU Zi-yi**? MA Guo-zheng™, XIAO Yi-feng?, WANG Xiao-he®,
YU Tian-yang*?, WANG Hui-peng®, WANG Hai-dou®*

(1. a. National Key Laboratory for Remanufacturing, b. National Engineering Research Center for Mechanical Product
Remanufacturing, Army Academy of Armored Forces, Beijing 100072, China; 2. School of Mechanical Engineering, Xiangtan
University, Hunan Xiangtan 411105, China; 3. Hua Yin Weapon Test Centre in China, Shaanxi Huayin 714200, China; 4. School

of Mechanical and Electrical Engineering, Jiangxi University of Science and Technology, Jiangxi Ganzhou 341000, China)

ABSTRACT: The special crystal structure of graphene determines its excellent physical and chemical properties and has very
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important application prospects in the field of friction reduction and anti-wear of mechanical parts. In recent years, graphene has
been widely used as an excellent solid lubricant for lubrication and wear reduction coatings. This paper reviews the preparation
process of various types of graphene anti-wear lubricating coatings and looks into the future development of graphene anti-wear
lubricating coatings.

This paper firstly briefly introduces the structural characteristics, physical properties and dispersion modification methods
of graphene pointing out that the current dispersion modification methods are mainly physical and chemical dispersion methods.
The physical dispersion method is to disperse the graphite flakes by mechanical shear force, and the chemical dispersion method
is to modify the graphene molecules with functionalized functional groups, but they have the limitations of low dispersion
efficiency and possible introduction of defects, respectively. Then, the microscopic and macroscopic friction reduction
mechanisms of graphene are outlined, namely the puckering mechanism and the interlayer slip mechanism of graphite-like
respectively. In addition the excellent corrosion resistance of graphene contributes to its friction reduction and anti-wear
properties in corrosive service conditions.

On this basis, starting from the classification of graphene wear reduction and lubrication coating preparation process, we
focus on the detailed introduction of various graphene friction reduction and anti-wear coating preparation methods, mainly the
dispersive drop coating method, chemical vapor deposition method and electrodeposition method. The basic principles of each
method are explained, and the advantages, disadvantages and application scope of each method are clarified. The dispersive drop
coating method is to disperse graphene in a dispersion and apply the dispersion to the substrate by dropping or spraying, leaving
a graphene film when the dispersion evaporates. This method has the advantages of simple preparation and low preparation cost,
but the bonding force between the coating and the substrate is very low. The CVD method involves depositing a layer of
graphene on a metal substrate (e.g., copper, nickel, etc.) when hydrogen and methane or other carbon-containing gases are
passed through the metal substrate with catalytic effect under high-temperature argon conditions. The graphene film prepared by
this method is flat and strongly bonded to the substrate, but it requires high substrate and equipment requirements, and the
preparation cost is high. The electrodeposition method is mainly divided into the electrophoretic deposition method and the
composite plating method. Electrophoretic deposition is the process of forming a layer of coating by moving the charged
particles in the suspension to the opposite charged electrode under the influence of electric field; composite plating method is to
disperse graphene in the plating solution, metal ions modify the graphene edges, graphene is deposited at the cathode under the
action of electric field force, and metal ions are reduced at the cathode to achieve co-deposition. The electrodeposition method is
a simple and controllable process, and is a highly promising method for graphene coating preparation.

Finally, in view of the problems in the preparation and application of graphene friction reduction and anti-wear coatings,
the design-preparation-application direction of graphene friction reduction and anti-wear coatings is prospected, and the research
should focus on four aspects: improving the stability of graphene dispersion, economic applicability, standardization of
production, and adaptability to harsh working conditions.
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