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ABSTRACT: The conductive wear resistant and self-lubricating coating is a functional special coating with the properties of
high conductivity, high abrasion resistance, low friction, high temperature resistance and toughening. The coating is widely used
in improving the surface performance of sliding electrical contact parts in high-endequipment, such as electromagnetic rail gun
guide rail, water turbine generator collector ring and pantograph slide plate. Recently, the rapid development of electronic com-
munication, rail transit, aerospace industrial and other technologies has further promoted the research and application of coating.
The work mainly elaborated the relevant technologies for the preparation of conductive wear resistant and self-lubricating coat-
ings, including cold spraying technology, supersonic plasma spraying technology, magnetron sputtering technology, laser surface

modification technology and electroplating technology and summarized the characteristics of various preparation technologies.
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Then, the main factors and microscopic mechanism affecting the conductive and wear-resisting properties of coatings were ana-

lyzed, the heat loss from the perspective of energy in the process of current-carrying friction and wear were further discussed,

and the mechanism of current-carrying friction and wear was revealed from the perspective of atom and phase transition. The

potential system of materials for conductive wear resistant and self-lubricating (MAX, Magnéli and the like) coatings were ana-

lyzed. Finally, it pointed out that optimizing the coating quality, researching and developing of testing equipment and exploring

the conductive, wear resistant and self-lubricating mechanism would be the key development directions of the comprehensive

protective coating in the future.
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Tab.1 Conductive wear resistance and self-lubricating properties of coatings

. Resistivity/ . . Friction
Reference Coatings/substrate (uQ-cm ™) Hardness Operating conditions coefficient Wear rate
Cu substrate 2.7 148°¢ 1.00%
[8] Cu-lZ.SVOL%B4C 2.9 151 4 N, 5 mm, 50 m, 10 mm/s’ 3.13
Cu-12.5v0l.%TiB, 2.7 156 100Cr6 steel ball, 6 mm 2.70
Cu-12.5vol.%TiC 2.8 157 5.95
Cu substrate 4.4 147°¢ 0.60 1.008
[9] Cu-SVOI.%AIZCu 3.1 159 3N, 5 mm, 50 m, 10 mm/s’ 0.40 0.50
Cu-10vol.%Al,Cu 3.5 162 100Cr6 steel ball, 6 mm 0.40 0.20
Cu-15vol.%Al,Cu 4.7 165 0.60 1.50
Cu substrate ~26 129¢ 0.32 ~0.42"
100 N, 100 r/min, 20 mm,
[11] Cu-0.5wt%MWCNT ~25 152 300 s, Bearing stecl, 5 mm 0.28 ~0.22
Cu-1.0wt%MWCNT ~24 162 0.22 ~0.18
5N, 5 Hz, 4 mm, 30 min, i
Zr0,, 4 mm >
[17] Mo 29.1 482.3¢ ’
20 N, 20 Hz, 4 mm, 132
30 min, ZrO,, 4 mm
giNI\,I 1031;1;,112 mm, 10 min, ~0.60 1o
[18] Mo-W 563.2¢ e _
15N, 10 Hz, 2 mm, 10 min, 055 41
Si3N4, 3 mm ’
Mo 28.0 482.3¢ . ~0.61 46'
[20] MoW 28.6 563.2 éf II\\II 230;1;’ 10 min, ~0.58 41
31N4,
MoWCu 19.8 486.2 ~0.43 38
TiC/a-C . i
TiC/a-C( C/Ti=9.1) 15,5 WCball, 6mm 0.08 0.012
Cu substrate 0.3° 0.92 52.0'
[25] Cu ("=RT") 0.7 5mN,2 cm/s, 0.06 um, 3 mm, 0.41 12.8
Cu (#=100°C) 1.3 10 m, 100Cr6ss, 1.5 mm 0.34 3.8
Cu (£=200C) 0.4 0.52 26.8
Hf,_,Ta,N,(x=0) 204 ~24.2° 0.65 1.16'
_ 1IN, 2.01 mm, 5 cm/s, 10 000
[26] Hf,_, Ta,N,(x=0.61) ~217 ~37.4 cycles, WC ball, 6 mm 0.50 0.12
Hf,  Ta,N,(x=1) 625 ~24.1 0.55 0.25
(28] Cu substrate 1.7 ~81" 1.5 N, 240 grits abrasive pa- ~0.10/
Mo-Ni 25 ~649 pers, 150 r/min, 20 min ~0.78
[29] NiCrBSi 1.96 5904 60 N, 15 min, 290 r/min, 2.2
NiCrBSi+Ta,05+C 2.04 918 GCrl5 steel, 49 mmx2 mm 0.9
(311 Ag ~29 GCrl5 grinding balls, 5 N, ~0.68
Ag-graphite ~26 2 Hz, 10 mm, 60 min ~0.20

Note: a-t, substrate temperature; b-RT, room temperature; c-unit, HV o,5; d-unit, HV ; e-unit, GPa; f-unit, HV,,; g-unit,

relative wear rate; h-unit, mg/s; i-unit, x10* pm3/(N'm); j-unit, g.

WAt CETFLAN”, HERR TR ZE R B GE

J WAL BE X VR 2 B SRR AT W AR e
Tazegul 25127 4l 4 26 1 1 45 SiC g am i F 2 SR )2 .
Bifi 5 6 I UKL SIC S RO, IR 2 B L RE 4
B, 4 600 CHALHLS, M THeaifEHLmE Tk
ZIHRR Ty, DAL T IR)Z MR Pk

Ja TR B WA T i s 2=ERE, 7E 500 CiB k5
%%@Fm%m$ﬁ3nm0§mdm L, it
T8 24 0 A O AR U 2 ) PN BB R, DA i R 2
B L 2 PR RE S 12 e RE -

VWS TR H R & TR 2 T B R AR A X R A (3R
1), HAGE) iz W AT sk S R mamfb s . 4



- 356+ * wm #H R

2019 4 7 H

a TEMJES

Iown Rl

o

b HREMES

K1 MWCNT/Cu & &2 TEM JE5i % HREM JE 4
Fig.1 TEM and HREM morphologies of
MWCNT/Cu composite coating!'")

Ja s PR WITREOR A PR S, HA AR AR . =
LR — BT AT, NI, BFFEN 5 NRE
URL 2 8] B A R & T2 AT B S A A 2
SEAEONBTTEE AL, A TR JZ AR LA BSOS AT S

T

1.2 BEEREBTBIARA

A B T B TR RO M AR B RS 1 2
IS i IR A I B P R A 2R AR
(085 B T IR BEAT OO 19 75 3% o WETR R R, ME TR
BEw Ry RATHUE M, ATLUG R R | b e

>N
9\
<

2542 319
‘x

a Mo

EXEREAT L, AR ER TR S . FZ 45 E
&, Rk SR ) e A R T S MR RR R A T Y R
L AR, SR AR i 4 1) R T S T BE VR 2
AT DA 50 % fiff 2 VB A i A v U J2 SR ) ) L ek
KeEni AR R ROE A, READEAE R . T A
WANARBET, XS E AR AT LA AR A R B
n, mEEPLE R AR, FOE AR DL SR R
JBZ, N T G 28 EE 45 el R v ) v U A AR A Y, S B
PERWRLN, KRR ZHE ARSI EERR, Hp
Cu FHIA 4TS mar, UMM R Bk,
TERERPRHESE |, TIN, TaN. Al. Ni &40k 5]
NN OE- 371 S ARl il B 3 SN AR = T}
5 X6 R A vl 0 7 Y ) A i A O P 1 O

Mo #EriE, MR, MK REBUL, ST
(1.9x107 S/m ), WEE ELTH S . 5t RN TR ¥
B TEORFARRI ST Mo HIRZE (£ 1) . MG
BEHESEEN 6.01%IACS, W BIMALS T2
) 8 R B, AT AR T I AR G e A, R
PR UEE P A P (3R 1) USSR RS
Mo-W VR JZ BT &AL TR BB | B S 5t R FR
PR, Cu M AR Z A S B P REAE LT
4 Mo IRJZIRSE T 40% /54 . TRl Cu i i S 7T FAIG
TIWREMFLERE, Cuth BA “REAREER" e .
i 2 iR, MoWCu IR 2B REAAL, BEHATR
BN (1) PO M3, ZE AR WA Z AR ZA4b,
flan, & B A S L B SR IO AR ST
TAEA R, BORBAES , MARFI R, AL
A RIBAE hfbAE ™=

1.3 WIS

Tl 45 W S 2 AR SR A WE A R R s e b 7 228
HIRE , ol SRA D ST L R TR 380 SR A R 1T T ok
JIBE ) B0 R R o A e S R A DI B T AR L AR R
T AR A, ) R A% R A o 24 R

I R, HE* (H WE, EXfR0rsia )
FHP/E*® AT LAl i Sz Wkt R I P 2 s P e
HIE* 7~ MR SN 2847 /8 FH T 10 5800 o7 A8 A B
H/E*? 36 TR R it s AR O BE 71, H/E RN

: .
e . 950 1277
630
3562 oy 319

2543 ‘319
x x
b MoW ¢ MoWCu

B2 WRZEIRE =B
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