26 5 Vol 26, No5

2006 9 TR BOLOGY Sep, 2006
( , 100072)
, - . o 0 25% , -
: , (50 125N)
: TH117 3 DA : 1004-0595 (2006) 05-0433-06
, KBH, Cus), )
1 1 1 (TE\A )
, ( 1), 20

[1]

P
[2,,31
' S0nm
(4 81 , Figl TBM image of Cu nanoparticles
- 1 TEM
50 mMm , X (XRD)
1 ( 2).
00% 1 0% ,
11
(LP). (n-Cu).
Q 84 g/am’, 21 49 mm’/s(40 ), 192
117, 300 . MM -200 -
: (50235030) ; “ ” (2001YY02).
: 2005-10-15; 1 2005-12-15/ , email: helong yu@163 com
. ,1931 , , , ,

24 © 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



434 26

h 010
2 008
£
200 g 006 f
220 3n 5
1 m £ 004
0 4 50 60 70 8 90 100 0.02 - -
20 1) 0.0 02 04 06 08 1.0
Fig2 X-ray diffraction pattem of Cu nanoparticles @ 1%
2 XRD (a) Friction coefficient
35
, 30 mm x 10 mm x
3
$16 mm , : 130 140HvV; L ot
200 r/min 45 : t
40mm x10mm x$16mm,  210HB, s M
, 20N 50N 125N 200N, £ i
§ 20
60 min \ z
( Q 01 mm), 1S . : , o .
, U 0.0 02 04 06 08 10
10 S @ | %
(b) W ear rate of aluminum
W =L[2R’arcsin (—d ) - -1 d R - -1 d1 (1) Fig3 Variation of friction coefficient and wear rate for
2 4 ooncentration of Cu nanoparticles
'L 'R ; d 3 -
BEDS . , 20N
(sav) . LP,
2 , LP
21 - , 50N 125N 200N
3 LP 23 8%,44 5% 11 0%,LP
Q 25% . '
LP ,
; Q 25% '
: 0 25% (50 125N)
22
5 125 N LP
SEM ,LP



435
0.10 35
-- LP -- LP
—o— LP+n-Cu B —— LP+n-Cu
X 008 E 30
E E
£ £
&g 0.06 =1
£ o004 } g 20
002 L= . . ; i
20 50 125 200 20 50 125 200
PIN PIN
(a) Friction coefficient (b) Wear rate of aluminum
Fig4 Variation of friction coefficient and wear rate of aluminum for different applied loads
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1
Tablel Roughnessof the worn surfaces lubricated by L P and L P contain ng Cu nanoparticles
Surface 200 N 125N 50N 20N
Roughness LP LP+n<Cu LP LP+n-Cu LP LP+n-Cu LP LP+n-Cu
R, 0 691 0. 504 0 361 0 162 0 219 Q0 164 0 408 0 264
Rq Q0 935 0. 705 0. 455 0 218 0 219 Q0 230 0 534 0 383
R, (10) 2 146 1 102 0560 0 348 0 824 0_446 0 810 0606

(a) Al (b) Cu
Fig 7 DES analysis of aluminum lubricated by LP containing Cu nanoparticles
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(a) Distribution of Al on worn steel (b) Distribution of Cu on worn steel lubricated
lubricated by LP by LP containing Cu nanoparticles
Fig 8 EDS analysis of steel under different lubricating conditions
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Friction and Slidng-wear Behavior of Steel-Alum num
Tribopair mproved by Nanocopper Additive

YU He-long, XU Bin-shi, XU Yi, WANG Xiao-li, L U Qian
(N ational Key Laboratory for Renanufacturing, Academy of Amored Force Engineering, Beijing 100072, China)

Abstract: Friction and wear propertiesof steel against aluminum were evaluated on a ring-on-block tribotester The
testswere carried out under lubrication of liquid paraffin (L P) alone and liquid paraffin containing oleic acid sur-
facemodified Cu nanoparticles Effectsof concentration and load on the tribological properties of Cu nanoparticles
were investigated L P containing O 25% Cu nanoparticles exhibited the best tribological properties and good wear
resistance and friction reduction at different loads, egpecially at gpplied loads betveen 50 N and 125 N. Thin cop-
per film fomed and gread out on metal surface, which provided low shear strength, prevented trander of Al ©
steel surface and reduced friction and wear
Key words Cu nanoparticles, steel/aluminum tribopair, lubricating oil additive, Cu protective film, friction and
wear behavior
Author: XU Bin-¢hi, male, born in 1931, Profesor, M ember of Chinese A cadany of Engineering, email: xubin-
shi@vip. sina com



