#5029 BH 1M
Volume 29 Number 1

PEHRERFR

The Chinese Journal of Nonferrous Metals

2019 £ 1 H
January 2019

DOI: 10.19476/j.ysxb.1004.0609.2019.01.08

A=WGANE S RIRH & 5 B

£ REMIE

A, RER, F@Al BikE!, 4 22

(1. ZRALKRZ W\E&5F, LA 110819;
2. HEEFERE &EBET, R 110015)

8 B DMEEBESE AR KRR & & A SR R S S M B Cu@rGO/Cu) . A T B3 A7 S0 (fGO) 718 B 4R 1)
OYBUME DL R Wi 2 B PR AR, 1 S R AL A T2 4 M A A B2 (Cu@rGO), FFiliid SEM 1l XRD X4
ETESUAHAL AT . AT K Cu@rGO/Cu E-AMEHIEEBMERE, I Cu@rGO/Cu E &R E#
JRHHATIR . 45 RFRH: Cu@rGO RIS HE — ZHF I RAZLN 50 nm BIPURAIHRL, 1GO (RS 45 451 LA
AR 0 TRARF S R R T R AU K o 2 IR 5 A IR 4 rGO T AR 27 AR S o A1 JEE 488 1 7= 2 [ 8 )
W, TERR C—Cu HE AR R, (/AP BEERTH: MR BUVATE 1GO R MYPRMRL, EEBIREPRUT TS &

AR, AR s S AR B RE
KRR AR WEEE MRS, BEEEkRE
SCEHES: 1004-0609(2019)-01-0066-08

FE %S TB333

YHEkFRERD: A

ARG SP? BRI T R MR LI N % 5
AREERI) 4 S AARRL, RN 0.3345 nml', 7 5845
M E . BAKE. AR% SPP RURARR
TEARMRHFEAR IR 2004 42575 H S 4 38TEE kX
) NOVOSELOV 25U F MU B8 v 1 Rk Zh il
H T RE AR, R TR RO T AR
T R AARRL R TR A R T DAAE SR R A
TR . A8 93 E AT R I Sy L 5 SR A o b4
Blz—, AEERMHERER, ik 2630 m/g, [
B 1 00 S 0 R 2 1 R (R B SR R M RE R
TR BRI RO W I s R
SREECTL, R, SRR TR A RIS, BV
Wes FHE SRR ZHAEAR. KFHAERM. 4D
Belh. PUREAMR ST IE AR 2N AR A
F U IR 2 B RORY K VA & T 2 %0 B IR/ R A
MR i T A BE R T AR R, e
VE R A MR AR R} i 3 80 AR R M 1) 7T AT
Yo B A MR RE AT T AT, R B/
MR APPRME IR . il B LA B ) 25 FL ) 5 ek i
AL R F B 7T REME S 1 38

CAER, A BRI 48 A MR O FE
F B N BRI SRR R R S AR B A B

HEE&WME.: EFARRIIESE SFEIIHE (51174060, 51301109)
Wi HEA: 2017-11-21; f&ITHER: 2018-01-24

WoR 4R IR AR KK, gk &) Bk B A
PR RE A 2 R A5, TER & MR ] 4 i 2
FRARMEIS S1H 7 BUE AR 2 . T SR 0 AR R R gl
K4 JB BURE (PIASAR ,  ER T3 T A7 7 R iR B DL RGBS AR 1)
FaaE, AT U R 3 B AR I B oK 2 JE ROk, R 3 5
IERIRMER . FF MDA SRRk Fe,0,
RIFRE, SR VBRSBTS A AR
K Fe;0, HAEMEL; BEEBEIIEREM AR A, A8
Wi ERNK Fe;04 AR BIRT DUA R et 4l K AF
JEE PR A I BE R BE AR M s SAUKARLL, FEEEEREL
FEHRF S BIBAR T 26.7%F1 35.4%., ZdRjEa
K KA BEAR I8 Sk ) & 1 A SRR S e AL
FIEAEMEL HACTEREE FU A RKR W, A SE/ e
&AM EMEAL T RE A R = H I A A AL TS 1
PrhERRe /1R, T T ii e Pt sk E, Wl
DL Fth (1) A2 7= A, 7 FH A R) F b B
R (0 B FH Rl 5 - MINA 252D A16061 R AT S84 0 K
RIERE, K H AR g vk 2 A S i i o R L A
POEL, FEEFFL T ERES I (R0 SRR s2m ;. S5 Rk
B, A SIEEE A PPR AT DUE 2 PR AT BCH LE 22 1R
Sy RRIAVER, Bl BRI R AN N, A S8 )@ 1E
BRI R I o HORE PE IR T =, RN A SR 1 =

BIEEE: DA, #%, L, mif: 13940221009; E-mail: luohj@smm.neu.edu.cn



2955 1

FIGEIE, S SR AR R S B BRI 67

ARG BTN o HEREEIT (B4 90 min, A1 8845 & &
N 1%, R B AR R A A AR A i 5 L
Al6061 FEMAIZS IhoRE4R T 34%. Mhah, 2t
R BREE FIRest 177 1%, ¥ B S8 A KA H VR
B il A5 A5 B A0 SR I I SR AR R S S kL s SRER I T R I
1 BURL I R4 500 nm [, 526 ARk 1) 4 e
JR5R AN A 70.22 MPa, FEiEid SEM WL 244k T O
AREORIAECE, Ui HI & I FE A 0 R A ™
HIHAE, W FKE M B E4i5R e . [FRIRF,
B LT SR B R VA fI 4 1 -0 B9k A
HAEMERAE A BEEMEL, X TR E A&
BHE 5 M R R BE M e SRIR 45 SRR, H5W-A
BEAGMEHALE, WA 8BGOk S EMEHRA
MR 722 RE, DA SC S e VR i 5 e AT A P JEE i A
o M IR TAER RN, A SRR 7 84Kk 48 Sk
HEMEHHS CE BT TR, (22, £
BRSBTS ST, ARIGESE A
W o B DA LS 6 R B R e T — R AT
VIPSER kY=

BT O BTSSR AN R D BLAE () 1), AR 5T
DU IR S5 S0 0 S R % S0 /R 2 A kL.
THEE rGO TEAR IR IR 4B DL G rGO A4
B 2 R R, SR AL S T2 % 7E 1GO K
FERPIKAARRL, HAIFH XRD. FESEM X} Cu@rGO
HAT AR RAE . W BEESLER N Cu@rGO/Cu BE
B EE BV REEAT I, 2T Cu@rGO ¥R & X}
Cu@rGO/Cu A PR ) JBE F 14 RE 5210

1.1 ERAEGNEIE

AHIT ST R FH IR S50 9 N B8 7S To B A BRI
WEBR AR A R AR R A B . R T
WF K 2 g AR R GO I 500 mL ¥R E N 20 g/L
) SnCl, 1 20 mL/L (¥ HC1 V& & 4 &3 5 min,
BUEEP MR IR 200 mL HRZE R = B
iFE 4 min, KERGEPUEFEHTHSHE. (25
WA IR E 8, WRENIER ], EDTA 5 AR
BREN LG, 2,2- B0k 5 Bk w AL A AR E 7
BARHE RN 1 Bl R K7 RYER A5 R
1E40 “C, KA A B 00 15950 pH AELYE 12.5~13
28, FFEHUBHEEE 30 min. KN ERE, K H
Cu@rGO Pl I B AT, Ah S (1 S5 o J5 2 L
LUNNYY S

R AR ROBRUR S
Table 1 Composition of the plating solution

Content/(g'L™")

Bath composition

CuSO45H,0 16
EDTA-2Na 65
C4H4KNaOg 500
2,2"-Bipyridyl 1
Potassium ferrocyanide 1
HCHO 16

Cu*"+2HCHO+40H — Cu+2HCOO +H,1+2H,0 (1)
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Fig.1 Flow diagram of sample preparation
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Fig.2 FESEM image of rGO
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3 Cu@rGO ] SEM %

Fig.3 SEM images of Cu@rGO: (a) Low magnification; (b) Fold area; (c) Flat area

--

B4 Cu@rGO K EDS 43#r
Fig. 4 EDS analysis of Cu@rGO: (a) C; (b) Cu; (c) Ag; (d) Sn
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Fig. 5 XRD patterns of rGO and Cu@rGO
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Fig. 6 Microhardness of composites
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7 A Cu@rGO #IHE (1 BE B B 403K 1 SEM {5

Fig. 7 SEM images of worn surfaces of specimens with different contents of Cu@rGO: (a) Without Cu@rGO addition; (b) 1.5%;

(©) 3% (d) 4.5%

B8 AREEMER Cu@rGO R A&+ EH i SEM 14
Fig. 8 SEM images of Cu@rGO with different addition
contents in copper matrix: (a) 3%; (b) 4.5%
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Fig. 9 Friction coefficients of four sets of specimens
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Fig. 10 Roughness of worn surfaces of four sets of specimens
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Preparation of graphene/copper composites and
its friction performance

LU Xiao-tong', ZHANG Zhi-gang', LUO Hong-jie', MU Yong-liang', DU Hao”

(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;

2. Institute of Metal Research, The Chinese Academy of Sciences, Shenyang 110015, China)

Abstract: Graphene/copper composites (Cu@rGO/Cu) were prepared by using powder metallurgy and eletroless plating.

In order to improve the dispersibility and wettability of graphene (rGO) in the copper matrix, the copper-plated graphene

(Cu@rGO) was fabricated by eletroless plating and characterized by SEM and XRD. Friction experiment of composite

were proceeded in order to investigate the influence of the amount of Cu@rGO on the friction performance of composite.

The results show that copper can be uniformly coated on the surface of rGO. The folding structure and electroless

pretreatment of rGO are beneficial to promote the growth of nano-copper particles. The network structure of rGO can

release the stress concentration on the copper substrate, a C—Cu force transfer system forms to protect the friction

surface; in the fiction process, the nono-copper particles which scatter on the graphene surface are similar to the “rolling

bearings”, effectively improve the friction properties of the composite.
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