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ABSTRACT: The work summarized research status, existing problem and development direction of self-lubricating coatings by
laser cladding from four aspects including material design, preparation process, performance optimization, etc. based on practic-
al examples of self-lubricating coating. The tribological properties of common solid lubricants were summarized and the re-
search progress on how to choose self-lubricating materials and encapsulation technology and lubrication on wide temperature
ranges was explained briefly. The relationship between soft lubricating phase and hard wear-resistant phase in self-lubricating
coatings by laser cladding was discussed and the influence of the material proportion on tribological performance of coating was
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analyzed. The cause of the crack and the common means of improving coating quality were analyzed briefly. The influence of
laser process parameters on the volume fraction and distribution of lubrication phases in coatings was discussed emphatically.
The application of coating by laser cladding in engineering was also summarized to provide reference for laser cladding tech-
nology. The self-lubricating coating by laser cladding has took shape in application, but still has large development space in
terms of failure and protection of lubricants, research and application of new materials, optimization of fabrication process and

tribological experiment study in special environment.

KEY WORDS: laser cladding; self-lubricating coating; cladding materials; solid lubrication; friction and wear

P BRI 1 R R 1) 3= B LR 2 — , YA
T RV AR DILTE 5 2ELPF ) B4 B 45 0 D7 TR Al A 3
N, BEE TR IR . BRESI R 1 K R
TETH ) FESE iy 220 00, ANl . Ek, B0 | FRA
A, I o LR B R T, o
Ko BB AAE BE 52 Bl B 2 R 3R ) o — 2 0 B 19 3
IRIEAIR A — R 20 AU AL PR T B,

WOCI U LISOEAE IR, R B A e T
FpF A, (il 2 N — JE AT R IR D AR ELRG B IRy
RMWRZCT . WOCKHE A8 Z AW 21 &R A
VL R B 4 | B i SR 2 ST R e A AR A B
— a2 A BRI, Gl O R T, R
FL SRR 4456 UEA B HERE I IR 2L

SCHR O S AR [ N AR SR SO B AR i 45
2 T VS O 2 O AR 5 JR I ke SR 3R AT T R4S, O
MR AR BETARIBCH | S8 T2 I
MAEREBFFE VU T7 ARG 1 BB BE A sk I, LY
RO I I TR R 2 B B K e S A P

i o

1 EEEEAR

FURIT , SOCRE T T B BEA G B AR 2 O 6 R+t
FLRIBZEAARL, W3R 110, Syt — R ARE B %, 42
TR VR SRR B, ] AR A Ak 8 T ] AT 28 7 2K 14
T A4 o T AR R R, TR B o o =
KM, —RBURBERS, A% h-BN LUKEL
P (MoS, . WSy)o JZARIE AP J5i 12 2R HES, [7]
R IR, B2 T RER BN, J= R 5
RAAXTE S TR, S R A i A A
TE 500 °C I %2 Az e - 2 72 i Al 4% J= HL & 1 i i
Jo ZRBEE, HhRE R Ag, HHAEEE
T R R 2R AR AR T 20 T2 A BE 5 R B . AT
PL Ag S AERlA Y Ag B = oA L) S — L 5+
(i T % 21Ty R T A 76 £ 4 B
L PEAEEERE o BR L IRAGTE M AR, A V20
FORLRE - A T U2 A i &, ey . ol R
& S N R R A I S N

R1 HARBEVREAREEAMBMERY

Tab.1 Material systems for laser cladding functional composite coatings

[10]

Material systems of the coating

Improved properties

Self-fusing power: Ni, Co, Fe

Metals 1 ermetallic: TiSi, AlSi, TiAl, NiAl, NiSi

Wear resistance, heat resistance.
Biocompatibility, high temperature oxidation resistance,
corrosion resistance, low-temperature resistance, et al.

Oxide ceramics: Al,O3, ZrO,, TiO,

C . Carbide ceramics: WC, TiC, SiC, CrC
Cramics  \jitride ceramics: TiN, ZrN, SiN, AIN, CrN
Boride ceramics: TiB, TiB,, ZrB,

Silicide ceramics: TisSis, TiSi, TiSi,

Heat resistance, high temperature oxidation resistance and abra-
sion resistance.

Hardness, wear resistance and corrosion resistance.

Hardness, wear resistance, heat resistance and corrosion resistance.
Wear resistance and heat resistance.

High temperature oxidation furnace.
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Tab.2 Physical properties and tribological properties of solid lubricants for self-lubricating coatings

[11]

Lubricant Density/(g-cm™) Melting point/C Mohs' hardness Friction coefficient
Ag 10.49 963 2.5 0.400

Graphite 2.23~2.25 3652 2.25 0.050~0.300
WS, 7.60 1250 7.5 0.030~0.070
MoS, 4.8 1185 1.0~1.5 0.006~0.250
h-BN 2.27 3000 2.29 0.160~0.200
CaF, 3.18 1402 4.0 0.200~0.400
BaF, 4.78 1353 3.0 0.200~0.400

TE = A A 1 7R 2 WA 22 [ B2 Bl (Molyerorplne) . F/RZEGA ()T BOBHA B A BPRAB M EHAE ) 2 H]
REEI RPN L HRURHOR B A A AR T AR AT AR 7]



- 106 - £ om

PN 2018 4F 5 H

P I AR B A ANTR] , 102 HR SE PR A A T
AT BE 2 A AN I A AT 1 7], LS 1 703
e, FERBBHOE T A f#, W h-BN, CaF,%. %
— R R AR T 4, a0 WS, MoS, %, Jf:

St B At TR RN, SRS A RGHTIE AR . A
&, RO AR SRR REEA LSS N R, 9
DT PRSI R B 2 T 2 31Pg
TURJZE A UL AR A IR S R

3 ERABEESIIRETHEBH MRS

Tab.3 Lubrication mechanism and advantage/disadvantage of common lubrication phases in proper temperature

[19]

Typical temperature

Adaptive mechanism S Material examples Benefits Challenges
range (in air)/C
Structural transitions 20~500 Sulfide: MoS,, WS,, Graphite 1 gwest friction and wear ~ Oxidation at higher
with hexagonal solid ; ;
basal plane formation 500~900 Fluoride: CaF,, BaF,, h-BN rates, low cost options temperature
Diffusion of soft 200~500 Ag, Au Fast diffusion to
Oxidation stable, temper-  surface depletes
metals to contact :
surface 400~800 Pb ature self-regulated metal lubricant re-
servoirs
. _ Magneh phases: V,05, MoO;, Very low frlctl_on, envi- Abrasion at low
Lubricious oxide TiO,,WO;3, PbO, ZnO. ronment supplies oxygen, temperatures. lubri-
formation at contact 500~1000 Double oxides: -silver molyb- wear track self-healing, p i

surface

dates, -silver vanadates, -silver
niobates, -silver tantalates.

cant extrusion from

some (glasses) use coun- contact by the load

terpart to form lubricant
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Fig.1 Microhardness curves of NiCr/Cr;C,-30%WS, and
NiCr/Cr3C,-30%W S,(Ni-P) coatings by laser cladding[24]
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