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Conductivity and Tribological Properties of Ag-graphite Composite Coating
Based on Copper Substrate
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(1. School of Energy Power and Mechanical Engineering, North China Electric Power University, Beijing 102206; 2. Shenhua
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Abstract: Silver and Ag-graphite composite coatings based on the copper substrate were prepared by electroplating. Phase
constituents and morphology of the coatings were determined by X-ray diffraction (XRD) and the scanning electron
microscopy (SEM). Tribological properties and electrical conductivities of these plating materials were tested by MFT-R4000
high speed reciprocating friction and wear tester, MFT-R4000 current-carrier friction and wear tester and HLY-200A circuit
resistance tester, respectively. SEM and energy-dispersive X-ray spectroscopy (EDX) were employed to analyze the wear
surfaces and typical elements. Results show that the composite coating can improve the conductivity of the substrate material
and improve the antifriction and wear resistance property.

Keywords: Ag-graphite composite coating; grease; lubricating performance; conductivity

il

0 3l WAL IR AE . H ARG AR A R

N RGER ARG, OGS SEVERF . MR R RS I IR HR U AT F e ey 5 2
AL, Wrel . WS TFOC. AR L et R, LUK SR gl ol i) H K. 538024 T k> i5
HUDHLZE 200 5 5B 256 Jm T i, Hok e b B b, 5 AN R R, ANME
FHFRIE AR AT A U AR A o B RS LR A R L BIGURE . U, BRACEER, PR B SRR

Uk HEA: 2016-07-06; fEEIBHA: 2016-09-13
BIREE: EaEfk(1964—), BN, #Z, WL ARAE: MEPEEER LILMEL: Tel: (010) 6177 2251; E-mail:

xiayq@ncepu.edu.cn

PR AR B HA: 2016-12-14 15:49; ML RRHIE: http://www.cnki.net/kems/detail/11.3905.TG.20161214.1549.016.html

SI3ctg: RADE, AR, RR R, &5 A SR A LR I B AR M REA T RUBE I (0], FESRIT TR, 2016, 29(6): 90-98. ZHAO S G, XIA Y Q,
CHEN J H, et al. Conductivity and tribological properties of Ag-graphite composite coating based on copper substrate[J]. China Surface
Engineering, 2016, 29(6): 90-98.


http://dx.doi.org/10.11933/j.issn.1007-9289.2016.06.013

55 6 3] B, . MO SRS AR BRI REA T L RE 91

REPR A R ip R S P e SR S R <
i RS AR R B, SERURE REA L
REMIPL 5 BB A L. (3R LB AT LR K
AR RUETE Ruh AT IR B At

WA TR BRI EE G Z, ©
BE 32 BN F A1 20, 352 21 AL O ) 52
Wiy, AN I A T OLABE T R AR A T
HL UL AR L IR TR R g R A, RO A
R0, 3 BUBEBER] AR A s %00, BAY
(3 B F 45 Ak b e B 2L A% 1 e ) 9B T A
fig, MEAAII BT . PER)Z BATIL
RSt SHE. e foett, IR B
WA B R B PR RE RS s sh A A
AP J2 B0 (1 R s ER 6t 7 mT LS 247 2%
(U R0 B A 00 DRI, B e )y rl o b e
AR LA B R SRR L A
L S/TDATNIES R TN R VA R kg B A P Ol
KEEMEL. HAT, COTZC IR 3 AR b fid
SRABHG BOa AR, X SRR B T LA BRI
P R B, ol B ARG vy F A 94 A T T
fit. (HBEE RN RE, X L& oo AT 2 1 £
TS R EEOR, A R AR B I A M AR 5
ok Xk, EPNAMEER T RENRTRE S
Wz HEE2AIREE S BB X545
SFEA U A7 S35 R A A R AT R PR TR 5 478 A
SR RIS T RRAIK S -R- A SR A4
BHEESE B RE, WEIT R U LA F N AR R
R PRE DTS PR AN A i A P2, B B e B P i S
BRI, JF BAE SR AR, AR
BE R AR R s D) BRU B AR A o SR T S U OBE ST T
Ag/Ni % JZ IFER A5 < Tl S 4 Al sl 8 55 5L 1 1)
W, RKOLAg/NIZ JRIEECH vy WRiAn s, I
FAT R B 1 AU o7 PEfg, REWS 25 T4
T8 1 1Bk & b Tl ) B B AN DU B I o7 T fE . £
BFEIRT ORI, B Agh LN, Ag-MoS,
SATPPRL R B R AE AR R 2 O e
LNION: 20 R 7 S TN L %) ) s P e 5 5 i
PEME I o AR SEAEN R IL T DLCH AN — i AL 5
A8 T L ik TR B i - i IR R A T R R, X
Pl A R BAT R (R EE ST AR

PRI, S rP A SR PRI 5 9 A T
WR AR SRR S WRMRL, A5 S - JIE R
EHIRAS L R EE ST R A ], 500 b T AR

A 8 A R VAR BB S AE AR T 2 A 8 ) PR
BIvkGE, T H R ARSI A T LEL R ] vp
BELU 5 A5 52 1 AR J2 0 ) r R F) SE
LS ARG L fi P8 7 2 ik P BEL L 5 vy LT B
REFEOLRLIE 5 N I B S RF o

1 RS

1.1 EEHNHE

36 A A (2T =99.9%) /8 A B S AL, SEH]
WO AT B 2By T Sa A B, T TOUE A A b
IR HE b S, T AR 2 T DR AR A
SRR A KRG, RN, BHEK
WA R P AT AR E R A R A
J2, da FZRRKOKSE, W, RIVAS 20 BT &5 1)
EMEL. I XRD(DSADVANCEZR) /) #4524
A, FAHIP4£0.02°, 4 EE20°~80°. K141
AR A A SRR A B2 XRDERE . KRR A
SR B )2 HEAR T I AN [ 3 Sk W ot A4 25 4
R 7S5 JE 454 Graphite-2H5 2% JE 45 #4) Graphite-3R
RO, BRI SR 2 R AT, o
5% 8 Graphite-2H I Graphite-3R AR #Epdf-< 1 %
SRPEATHIE, P E26.540 IR AT S 06 o N A5 A
SEM2HAH S53RAHCY, Bl A =8 D H &R
SRA RIS AR IE . NI, RESRAER
& 2 AT 4 5 Silver-3 CAT S I R0, A T H
YO 5 VE T3 4% TR B FR) o % 25 460 Ay 1T /00 7.7 &5 44
L Bla=b=c=4.086"", A7 SR A E M4 R
AT AR 59, 3 2 DR A A 88 i oy 19 0T & 43 BUAR
. HXRDZE RN, B il & 055 2 MR 4l 45
e, O AR EAR B AR

V1208 5442 I AR TE SR T R e et .
Hih s A Za 0=, TUEH, 24
PEE S RE R R, I A%, WHEER
HRIFMEES T BEEERES RS RSN
ook, WHEEWEENBOY MRS A 5.

FHHX-1000TM/LCD ‘2. fhii J5 1-0] 2 4 6 A F1
HUPE 2 I 4 I (= 2 0 . B 10 g, N
B 20 s). MRIEGB/T5270-200X A5k, KH
5 iR E A S5 5 ) B AR mm(A A RS
950 mmx 100 mmx 1 mm) 4 R 238 7 25 ith
180°, REBMBE MR, HEAREN. &1
ST 3B R LR ) M R



92 b B xR T LT IR

2016 4F

(111) - Ag

+ Graphite
el
<
= (200) (220 @311)
I . .
B A,
5 (112) l . . H
|
= 3 003
g Wan
E sl \wﬁva—’w\)mvt}\
,-_i"" 2324252627
201/(%) J (200) (220) (311)
. T¢ L Ag-graphite | o
1 1 1 1 1
20 30 40 50 60 70 80

20/ ()

B 1 RSUR AT SR A R IXRDIE
Fig.1 XRD patterns of silver coating and Ag-graphite composite

coating

B2 ST AR RS i A

Fig.2 Cross section morphology and line scanning energy spectra

of composite coatings

=1 MROYERAF MR

Table | Physical and mechanical properties of samples
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Table 2 Typical physical-chemical properties of three greases

Grease INZ Lz INLJZ

Cone penetration(1/4 mm)/mm 82.6 75.9 81.4
Dropping point / ‘C 274 295 293
Copper corrosion (100 C, 24h) la la la
Volume resistivity/ (10" Q-cm) 3.53 2.61 3.30
Contact resistance (0°)/pQ 39.1 37.5 429

Contact resistance (10°)/uQ 38.9 37.4 42.7

Sample Thickness/um Hardness/HV ~ Adhesion
Copper substrate 0 103
Silver coating 20 105 Good
Ag-graphite 25 40 Good

composite coating
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Table 3 Contact resistance of samples

Sample Initial contact ~ Final contact ~ Stabilizing

P resistance/pQ  resistance/puQ)  coefficient
Copper substrate 24.8 24.7 1.003 6
Silver coating 20.3 20.3 1.003 7
Ag-graphite 215 214 1.004 6

composite coating
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Table 4 Contents of the typical elements on the worn surfaces

(W/%)
Element Ag (6] Cu
Ag-graphite 37.51 5.71 56.79
Silver+JNLJZ 9512 488
Ag-graphite+JNLJZ 96.46 3.54
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