5527 5 6 ] TEEEREEFR
Volume 27 Number 6 The Chinese Journal of Nonferrous Metals

DOI: 10.19476/j.ysxb.1004.0609.2017.06.016

TOEH A SR - € B 4R 2 BY EE B 5

FILE, Fegk, A%, KEFK, & £, @ 9

(BB TR BEESAFT, A8 230009)

B . AR 45 A T S B (CuNi9OSn6 ) i — 40 XX 4 J8 4l 7k A1 KL, 7 HDM—20 i [ EEHE R R 5
WU EBEAT W R 54 B W BRI TS, AF 2R (KOH) N 1.185 X107 [ CD15W—40 254k T il 3E47 1 ik
By, AT ICEE AR I, e A L (R i 7K A RH(CuPb10Sn 10, CuPb24Sn 1) (1 EHEAT S L o
SR AT R AR B EARE . T RSO0 N 5 SR R — R AR R I H B e (¥ B R v, (R BRI
ANETREA, TR A RIS MRS ARG IR, A Re A WP AR An A kL 7R 40 il il
IR, JCET SRR IRl AR A R R TORG B B A T — 2 B ORI SRR e A L, BELRSADRL I — 20 R AR il i,
i P PR L, PR EE AR B T B D o PR AR AL AR R T A A ST AN T2 B 5 A BB Tl b TR R 2
JEE R B R I A B KRR P (9955

KRHEIR: JCEVEER: W HY: BRMORL BREREERRRME; IRk

XEHRS: 1004-0609(2017)-06-1189-10 PESES: THI17.1 XERFRERD: A

2017 4F 6 H
June 2017

Bt A V4 T R RE RO R B A R 3 i, 04 356
TEBNHIRM R T SN 2R, AN A A
EhAAMRICEME, 1 FLE S AT BT R R 4
PUIE 57 LA S e 65 ol e pE U m Aok, —Fhor &Y
Cu-Ni-Sn F& & A4 3L Sl R U T 445 B10GE
M. ZRINE GG, JFRARmIEE. R
LFI S RGBT T AE g, AR AR AL gt
MR T A T e 4k i . JTOC. BRI E 52
Bz AAEHCT, Bk, ERHZ S SRR AT A 2
WA A A TP AE AT B iy LA Ay e A R IR A8 1 R
s B TR P M SRR ARG A A 1 A A DA
X Cu-Ni-Sn RAEMRERNIF, KR IIG S WHE
A Pk B TR AR P R A e () s o M e, AE W B0
AR AT AR BAT — s B v 1,

FURT, B0 ZR VA 4 10 R4 B 40 1k R A K 22
SRR VR 1 B S TT e, SLOF RN IR
WA RGEs MER R AR TG 8 7723 # (1) Cu-Ni-Sn XL
G ST A MBI PR AL I BB AE T A A R, X 1%
FRINE GATHUE NG M oy TR A 2 W B,
ARICAEZ ] Cu-Ni-Sn R A Eof kARl M e e dr
e L A A1 CuNioSn6 A 4B THI9T. K
FHRY ARG 7 2R O 4 i B2 &l R, 0 LT e

EEWME: WX ORFEEG B H (51575151)
Igis BEA: 2016-05-26; 1&iT HHA: 2016-11-09

PR P BRSBTS, O
L5 ok sl R4 4 4k A R4 BH(CuPb10Sn 10, CuPb24Sn1)
[P BEHEAT 2550 L #T, LAACA Cu-Ni-Sn H51 & 4x
TE S ARAA BT R N LA K B TG 1 A S Al 7R A
IFIT A A A H R LA

1.1 iREEE &

Jet IR 1 I /K S AGVE TGRS F A 5 4
W, ¥ A SRy B S R ATV 1 1 ST37-2G YA Lk
R b, R IERER 0.60~1.0 mm, FEHEEE
SEAT N R A I T AT, SRR R URN, R
Ho) PR, B4R I R B E R & & S IR 2
V) ) A 2% S N7, T LA 38030 R A S or 26 1T 119 8L A0 e
PRIEGE L FNBT 1EAA RLE— P AR o Bl il A
PRI A1 530k« — ke 45 % 865~950 C, LRk i
] 15~20 min; —{XKEES5HSE 815~865 C, DRt [A]
15~20 mino JCEARRFRUTT : AHCBT U R R AN
Hil— K56 — iR — e 45 - FL - R T X8
bt o

BIEEE: FEE, v, Mt dif: 0551-62901359; E-mail: abyin@sina.com



1190 hEA SR R

2017 4 6 H

F1 AR s

Table 1 Compositions of samples

Mass fraction/%
Sample No.
Cu Sn Pb Ni
1 85 6 0 9
2 80 10 10 0
3 75 1 24 0

1.2 BRI

PEBE RO K ] HDM=20 i [f PE SR BE B 5
ML, PR RN TT XA IR AR W 1 s . i BE
I BL K 45 580, RS 47~53HRC, 2K [HH: il
JEARA WAL di=22 mm. T dpy=30 mm [FIF [, JIf
TR EHF T 6 AN SRRy 2 mm (VA R,
DAASE Y oy 8 S i N R o BT 5 B AR RE A 42 )
A KRN 55 24 38 mm, JEJE K 2 mm. JEHE
ZAT RN, PEERLR A 1.0 mi/s. T 43 58 2R
AR PRI 38 BN, AT 4 1200 N, (] 24 60 min;
Ay, Hom#oy i 2 fros, R AT A 800 N
AR 5EHIE 10 min, FRINEE] 1200 N X% 10 min,
SRJGEER 10 min ANE— IR, BEREAT Y IR 2 A 400
N, 2 RS DR B 5 R b TR B 45% ) 2 T e U T v
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Fig. 1 Contact mode of friction couples and shape of wear

scar
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Fig. 2 Schematic diagram of progressive loading with time
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Fig.3 Schematic diagram of deteriorated oil corrosion test
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Fig. 4 Friction coefficient and wear scar depth of friction
couples of three types of copper-based bearing materials with
time under constant load condition: (a) Friction coefficient;

(b) Wear scar depth
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Fig. 5 Surface topographies of wear scar of three types of
copper-based bearing materials with time under constant load

condition: (a) CuNi9Sn6; (b) CuSn10Pb10; (c) CuPb24Sn1
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CuPb24Sn1
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Fig. 9 EDS pattern of silver white substance on surface of

CuPb24Sn1 wear scar under progressive loading condition
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Fig. 10 Surface morphologies of samples before and after corrosion: (a) CuSn6Ni9, before corrosion; (b) CuSn6Ni9, after
corrosion; (¢) CuPb10Sn10, before corrosion; (d) CuPb10Sn10, after corrosion; (¢) CuPb24Snl, before corrosion; (f) CuPb24Snl,

after corrosion
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Fig. 11 Metallographs of samples before and after corrosion: (a) CuSn6Ni9, before corrosion; (b) CuSn6Ni9, after corrosion;
(c) CuPbl0Sn10, before corrosion; (d) CuPb10Sn10, after corrosion; (¢) CuPb24Snl, before corrosion; (f) CuPb24Snl, after

corrosion
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Fig. 13 Surface SEM images of specimens after corrosion:
(a) CuNi9Sn6; (b) CuPb24Snl
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Fig. 14 EDS patterns of corrosion surface of CuNi9Sn6 alloy:
(a) Corrosion surface on position 4; (b) Corrosion surface on
position B
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Table 2 EDS test results corresponding to Figure 14

Position 4 Position B
Element
wi% x/% wi% x/%
C 1.35 3.39 4.57 10.31
(¢} 35.40 66.75 37.51 63.59
S 2.90 2.72 2.82 2.39
Fe 0.92 0.50 - -
Ni 6.42 3.30 5.73 2.65
Cu 44.74 21.24 49.36 21.07
Sn 8.27 2.10 - -
Amount 100.00 100.00 100.00 100.00
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Tribological performance of
lead-free Ni-contained copper-steel bimetal bearing materials

YIN Yan-guo, TANG Hong-yue, JIAO Ming-hua, ZHANG Guo-tao, XUE Lu, TIAN Ming

(Institute of Tribology, Hefei University of Technology, Hefei 230009, China)

Abstract: Lead-free Ni-contained copper-steel bimetal bearing material (CuNi9Sn6) was prepared by powder metallurgy
method, its friction and wear tests were conducted by using the HDM—20 tribometer under oil lubrication condition, the
corrosion resistance test was carried out under the deteriorated lubricating oil of CD15W—40 which total acid value
reached 1.185 X 107> (KOH). The tribological and corrosion resistance properties were compared with those of the typical
copper-lead bearing materials (CuPb10Sn10, CuPb24Sn1). The results show that the tribological properties of lead-free
copper-nickel bearing material are close to those of the typical copper-lead bearing materials under the condition of low
load and abundant lubrication. However, it does not include soft antifriction phase, the friction pair is prone to adhesion
failure when under high load and poor lubrication conditions. And its load carrying capacity is lower than two
copper-lead bearing materials. In the process of deteriorated lubricating oil corrosion, the surface of lead-free
Ni-contained copper based bearing material forms a layer of protective oxide film which can prevent matrix further
destruction. So, it has better corrosion resistance, the friction and wear properties decrease less. The corrosion resistance
of two typical copper-lead bearing materials are worse due to the lead element is selectively corroded and dissolved, so,
the tribological characteristics are greatly weakened.

Key words: Ni-contained copper; copper; lead; bearing material; tribological property; corrosion resistance
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