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Abstract: The wear of moving parts is increased when the lubricating grease fails or there is no lubricating medium. The preparation of
self-lubricating composite coatings on the surface of the parts by laser technology is one of the effective solutions. This paper introduces
the quality evaluation indicators of self-lubricating composite coatings prepared by laser technology, and classifies the matrix materials
of self-lubricating composite coatings in detail, from metal-based, ceramic-based, and polymer-based self-lubricating composite
coatings. The existing problems of self-lubricating composite coatings are pointed out based on previous theoretical research and
practical application. The improvement of wear and friction reduction performance of self-lubricating composite coatings is obvious, and

the research methods and progress of different coating materials are different. The research progress in this field is summarized, and the
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future research direction of self-lubricating composite coatings prepared by laser is prospected.

Keywords : laser processing; composite coatings; solid lubricant; tribological properties; research progress
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Table 1 Classification of laser cladding powder materials system

Classification Trait

Application

Fe-based
Co-based
Ni-based

Self-fluxing
alloyed powder

Low melting point, Contain with deoxidizing

Widely used, but not for steels with high S content

and slag-making function elements

Excellent wear resistance, corrosion

Ceramic Oxide ceramics, ) ) ) Preparation of high temperature wear and
resistance, high temperature resistance and
powder silicide ceramics, etc corrosion resistant coating
oxidation resistance
Composite Ceramic powder+ Combining the excellent properties of Various functional coatings were prepared
powder Metal powder metal and ceramic according to the technological requirements

Other metal
Cu/Ti/Al/Mg/Zr/Cr, etc

systems

One or more functions such as wear resistance,

Every alloy system has the corresponding

corrosion resistance, high temperature resistance

special properties

and so on




555 3]

ARIEXS, 45 MO H & F M 2 G IR 2 M AP ERERT S ik J 119

1.2 BHEBEaREEBNERENFX

FEPIRHE {32 A Bt v, JE 2 1 B JH b i
JoT (niE i T A ) T AU S R T 45 4
SR AR ST SIS IR T S PR, R R
PRI MR I, X T2 A2 — R
T3, B T A S By X S A R R I
SIS s A B A 7D DA B A i AR R
I ¥, T e ) A A (A X A R 5 B R A R 22
V) 14 FEE 2 5 720 Sy % (18 A Rk 155 3 e K 2 ) g PR 4, K
RBEAR T EESE R E, 42 3 T F T A A IR 2 I i i
EEPERE

TE B RTRIBIFST [ AR e A ) 2 A AR 4 L
LA T 2 A TR IL2E . O H B3 RAFY
SO JRe T O AT 401 3k R e Y B R BEL T, AR 4
Ag/Cu %5 Q H B 45 iz oy & o 1o fh 2 s )
ARAE AT S I AR T S 45 R, WA B MoS, \ MAX
FHAE ; @HA S HBUR 45 H , Wi 23R H e
JE, W ALO,/TiO, 5, Tk S LB S 377 i
ANTR], S R 2R 8K 22 (AR BE B A BT % S A R
S5) ,ANIR] R R A R R RIS R, DAL
i, 22 TAERBETE 300 °C LA AT, 188 WS, |
MoS, E ¥ 1 AH B8 I 2855 A 51,300 ~ 500 “CHY, Ag
Au 54 @ A Ry i T A EL A B A BT R R g
500~1 000 °C i, CaF, ,BaF, %5 L4 5L NiO . h-BN
i e AR LA G SRR L I, R
I T R 22 DA [ 9 3 P2 DX ] T ke 393 e 22
ARV, S R A e VR, L
BiA MoS, + Ag'"® | h-BN + MoS,''* | BaF, + CaF, +
Ag A B, HRTX T HE SR (>1 000 °C) #R5E
T AR M TR SR A S AR A SR A A O R I 1
TR EEITZ—,

FHEW S AR 2 R B 6 PRk, AT AR
JUAS T AT VAL . OIZ 0 )2 M RHE T T 00 T X
TEE 5 DRSS B 3 0 AR 5 O 1 T P
PETFI IRIE , MR ) 2 PR e R 75 0 2 SR oK 4
SERR TS A0 i e AT A [ A
MR E R e M R R A A RS S Z B
(DN 8 7100 8 R RS B vl A R AR JE 10 s @b
FHE TSR P AT SR . XA E —
SEHL ERTAEHA R THA EME 5 MR XTR)E
HlEHAR K TR e,

1.3 BOLBEBEREREITMN

FEROCIEE D SEmR 2 R R R E R

XUER R (AR R T RBER 4 ) X Uk )= 1 Bk e

U s 3 R NS B i =R Pl i I i IS T NI
REB(WIEESIEE ), IREDTE TC4 &
S RMEOCIEE T NGBS NS 4% 2, KRG 2
1) 56 JBE 52 O AR 52 W K T 8 D) BBk °F 0 A
RIZWERE , Wil () 2AEBOCEE T 20 18
BOCHIIMIT  EAIE L IE SIEE 2 A RHE & 51k
()64 BT ARG I . TECRIEIE B R A7 H6 4245
AIEOUT R, WA T R
AL R R (H) R MR () A7 ] Bt
B AR (1) .

h
n = X 100% (1)
SRS YAG [ A BOE 28 1E 60Si,Mn 1k
Efil TR TiIC EAW)Z, & THOUEE T4
SRR RS B AR R B LR (X))
FK IS8 RE (X, ) XU 2 A0 B 26 1 52 ) 2K T4
FL 37T 5 MK b i B B 38 LI (X, X, ) A B (X))
15 T R R (4L T E R, sk (2)
1 =15.76 + 7.40X, + 2. 96X, +
0. 02X, + 2.70X X, (2)
VR 2 a1 TE A 48 bR R AL BT A R 2 K B AN
5y

RIS A WEIZET, TR I W A R
B, W2 R TR 80 R %, & B2 R
WA A RSB AN TR Z TP T EE, f
VR ER SR OB Ni6O MY A O B e Bk A 4 T, O
PRIT T WS, AR AT T AE X H 282 A8 B 1 R i), B
NI WS, 106 78 2 088 B A L T Nie0 I 2 211K, iX
JEH T NI60 157 2 e B 0 B Ak 4 A Ak 25
WA WS, 5480 FEORZ B R, Y
A 50% WS, i, W2 H AR SO, SR 2,
BERAR K 2002 10 AR B A R 5] #E T A
TAES RS RIS L S A R,

Tl R Z 5, % iR 2 AT 1 BE A I A 5T B 1A
REBIRZEAH S E N EESE R, BRI R+
FEEPY BT N B 25 T H R T A i AR X
TRIZ RN ik | SR 7 e ( AFM) A S —Fpil
B|REJEHN THEHFIRZNR a8, 5508
IR AR U (LSCM ) 45 & ] Ak iy )2 26 1f
Tl FFRETRE AR, HHE T B
(SEM) AT LAFH R 345 U J2 2 18 55 43 B A EE, A
MR IR 2 R M S A AEAE MY B GGG, B4
FL - S R ( TEM) DU mT S o /7 SRR U 2 A
fifr AR IURL AR TR B2 /N, BT R A5 1% )2 P BB 245 44
MR 2258, YAN 2620 M58 T #8745 K I ik 7



120 b =B X @ L E

2021 4F

X BE T2 B A IO A I AT 5 BIUIR B A7 A 114 7]
RO, BT P G Uk J2 2 R O RIS A B B T
KT T Z Y- B AN 22 005 B e LAy vk
TR, S PR = 04 o i A I T B ) e R R 4 T —
SERI PR HEA , BRET 450 76 BUA U2 DB AR

PR T, B M 0 g o 00 7 3 e T IR 4 R AR R
TRIZSCEL T RGN, I LRSI R GE R AR, A
B0 A R FH 5, o VA 2 It ) A D R AN T BT
RET R T . H RO IR)Z TR 0 =
wmE 1 Fs .,

Coating quality evaluation methods

Eye: observe the surface AFM: interface

roughness, whether there is pitting
are peeling, ablative

defects, etc

, cracking, etc

. whether there Friction wear testing machine;
wear quantity and friction

coefficient

SEM: surface pits, cracks observation,

Vernier caliper,
Micrometer: measure
width, thickness and

calculate shape coefficient

deformation measurement, roughness
micro measurement, etc

EDS,XRD: phase
characte n and analysis

of abrasive debris

TEM: internal structure analysis

particle shape, size, etc.)

Digital display hardness
tester: test the hardness of
different coating areas

inspection: detect internal residual

Ultrasonic,ray,penetrant

Simulation experiment :
simulation coating working
environment, working
prediction

stress and microscopic defects
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Fig. 1 Quality evaluation methods of coating

Vi JEE 1 4% TS 0 B 5 2 ) i A [ AR AR A (L
IR IR TEBRIA B, SORMR 4002, £
g SRR E T FN R AR A i P
B LR ARSI E AR PR R AT AR
PSR BT PR R R0 A TSR R, 7E
SR TSR 4 46 07 T e A A O 5 i SR A
e e i BT T, i R A B 5
SR, TEXTHT S R S T TR 4
VB SR, R ) MU 7 B T R kit
AR R ] 7 SR 3 SR P B 5 28 B M A 0L 2
ARl oK 52 2 IR 2
2 HAEBEEERE

(1 0 2 E R ) S AR AR
PR LA 7 1043 33— 52 T2 46 TR
. Tl AT P 3 I F  FELAT FR ER
TG S [ AR R A
MR T2, TR MR R DB, 10
ST A VR B PR T I LA TR
O =PI RE L2 A 5 T AR AR R, 7T 43
o R R R IR AR AT

TR =R
2.1 &EERHEBEARE

EHEBEARET MRRZNESEEA
T2 A WRIE, o i UL B BRE BRI A
THEARIZ, HTIRZEUS BN,
i R R A A0 R 22K U R ) O G, RE AR R e A
BN TAE, BLW PR DU R R 3
TR A 4 v )2 0 BE S~ P R A B 43 il gk A T
SSRGS R RS 2 PR,
2,11 BEAMEEEAERZ

& R RHER B TR R RIS b i
TR 1 RVt P2 58 v, AL b A JHL A o g
T TR R L s L 5 AR e i A, AR R
2o NUCGERRHG G 55 TR 2 Y FE T RE
BAEYIL A S EE M AEE N, kR & H
Fed00 1ENIEAR AR, N LA & &2 14 h-BN fil CaF,
TE ASHN R H 2 T — RIVEREE A IRZE, KR
FEH R TR K h-BN  CaF, Fifm bl 98:1:1
F, BERE AR PR RE AR AP . 4% B IR AL B T W U R
i et X L Nl 2 fi s, (B 1 TR R Y 2, BRAS
CaF, VE A 1 AR 765 T X J2 i s 44 JE



55

ARIEXS, 45 MO H & F M 2 G IR 2 M AP ERERT S ik J 121

RARTE (HEA AN h-BN 8P —E AN, iR 2

AT B P 4

x2 AREREFEREFS

Table 2 Characteristics of different metal matrix systems

Metallic matrix Thermal expansivity/ (107%/C)

Melting point/°C

Crystal texture Strengthening phase

Fe 12.2 1538 BCC/FCC FeS, , Fey Al
Ni 13.3 1 453 FCC NiTi, , TiNi
Co 13.8 1 495 FCC/HCP vy—=(Fe, Co)
Cu 17.5 1 083 FCC ZrCu, CuNi, Ti
Ti 10.8 1 668 HCP/BCC TiC,TiS, Ti,SC
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Fig. 2 Comparison of wear loss of iron based self-lubricating

coatings with different content"”’
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Fig. 9 Schematic diagram of laser surface texture workpiece'”"
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