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Abstract: Al-Sn bearing alloys are of great significance for the development of high speed and
high pressure diesel engines for large trucks, tanks, high-speed cars and tractors etc. Impro-
ving the friction and wear resistance of Al-Sn alloys can save a lot of energy and prolong the
service life of parts. How to obtain Al-Sn alloys with excellent friction and wear resistance has
become the focus of research. This paper introduces the measures to improve the friction and
wear resistance of Al-Sn alloys and their influencing factors, summarizes the changes in tin
content, the addition of alloying elements, the heat treatment and the effect of changes in the

preparation process on the microstructure and

WS B EA:2018-07-21 friction and wear properties of Al-Sn alloys.

TEE B TR (1985 —) , 2, By W52 b1, B EWF 554, £ 2N Key words: Al-Sn alloys, friction and wear prop-
Fi et R,

w PR TT P 0 4 JE B R R I T A RIS A

erties, alloying, heat treatment, preparation

) . ) process

i H (GXKFJ16-15) , )7 P9 R 9056 & it i 5 90 00 2 Ui i |

TV K 2K 2 A4 B Bk U 2R 3 307 35 H (201710593238)

%o 0 5l5

GBI KB (1975 —) 90 BOBE B SO, 3 A o . .
GRS RE AL A BB B 6 4 4 26 B IEF B 24 AR 1 1/3~1/2 i g IR LU B U8 20 7E
T2 T fh AR 2F B9 B R T 28, E- mail : zyzmatres @ aliyun. %%mﬁ‘iiﬁf E‘Jﬁﬁ*?ﬁ?ﬁﬁ s?}ﬁ//l\%m E‘Jﬁ%fglﬁﬁ
com, AL R BRI . HLAO™ & 19 B P Z 4 R 43 02

IEAE 2018F 120 H25 K% 6 639



T A0 ek LR T AR 0 A o R AT a2 1 4
A6 R 2 TR 1 B . G il R G 4 T TR 4 S b
RE Y KOG T- 25 B B 0 U5 1) R 2 o 1 4 4 o JEE 482 s 3
RRAETAT AT 29 1. 3%~ 1. 6 Y0 iy [ R AR 7= Al . MR 3
R R TAEEL 5 52 07 0 R G & LR & AT
MBS MR e ket . BB G e e At
R AR A A B BT APURS P T B el 2 4
T JE ok e Sz A ek ) P AR 2 MR RE , )RR
AN IR R ERBE TR 9 Y R R
TIAN R A R R AR T RUR Sh LR BT 56
PAAE 308 % 85 AR 00 G R & & T R
F S AS BT TET I PR R L AR S a2 B T 2 [ Ak
TR TN DA 563 I 1 3128 7 AR 5 4% 42 1 45 7 i R E [
B4,

Al-Sn &G & 1E N & sh Bl &M B B 44538 70
AR T ST NI R A8 6 4 % T TS 448 2 451 4 g 1Y) 2
HEAAT k3t B RAFEREM AR & & mT DU & &
SHHLAY R RE L 1548 K 1 AR IR 5 A4 R DL S BE IR AR
H Yo A SR XTI AR R A G808 4 4 19 58 468 5 i 1
RE B AIF 5 0 J8 S L AL BRI 5 o R 4 T 45 AR aA

1 REAEMEZRERMERE
ML RS SRR E R, 54

() Aok RS 5 50 B2 iR N Hall-Petch 56 29, 4 e 40
Bh A RRE Y AT RS NG R R T 5. AR 3R Holm- Archard

G AR AV =K E DAV BBt L 400

S BB ES L H . R I RE ) L B R R A
F1 EHMRESHEI L

Table 1 Comparison of properties of Al-Sn bearing alloys
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Fig.1 Microscopic grinding mark morphology of several
Al-Sn alloys (50X )
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Fig. 3 SEM images of worn surfaces of CG-30Al-12
wt%Sn alloys after 0.5 h under a load of 2 N during ball-on-

disk testing

Table 2 Particle size and microhardness of Al-Sn alloys prepared by different methods

il % 7 1% Ay

Sn A8 kLR T i

Sn-phase particle size

Preparation method Alloy composition Cum) Hardness(HV)
iﬁﬁiﬁm Al-20%4Sn 5~25 20. 4
ﬁffﬁ;ﬁm Al-20.3%Sn-1.1%Cu 5~20 29. 1
#Pg];jviéfrﬁ\iii;llurgy[”] Al-20%Sn 2~3 57.0
g%ﬁn%ﬁft% [tji]formation[“] Al-30%Sn 0.05 74.0
ﬁlﬁ%ﬁeﬁﬁfﬁj spray deposition 3] Al-12%08n 0.02~0.05 89.0
ﬁﬁiﬁnﬁlﬁiilymgfm Al-20%6Sn 0.03 94.0

IR R AR A10%Sn 003 oo

Mechanical alloying!#*

W55 WA S B8 KR & Hl & T 2T &
R TS B P - 0 5 S R AR & T AR T AL
12%Sn FIEEIEFPERE , K B Al-12%Sn & 429 Sn
e A /IN T FL 4 A 2 A0, LA N £ S5 0 B
BE, 7E 723 K B450F Al-12% Sn 4 4 B T 35 M B Jx
5 JHL B 5 A BURE Xt HL b 56 25 R Bl IR
723 K Bf & &b AR E A 25 G EEAR, & T 723 K B 5

642

R A AT T B R L A B AR N 30 20 AL R B 42
JEHIA A 4k R L 78 823 K B4 i Al 7E W AH Sn
PO B R S8 Sn M2 F 2R GE A &M
Al-12% Sn & & 5 T b % ™ W M K
(AlSn;,Si, s Py, Co) BA N0 R AT B . Liu
SRR R IR 25 R R ) B A R IR ¥ A 43 A A
1) Sn AHAY Al-Sn Bl & 4, K BLAE 473 K R F B

Guangxi Sciences, Vol. 25 No. 6,December 2018



4509 Al-Sn & &M T 423 K. 523 K f1 573 K A2
SEA AT T AL 4L 415 4 A T 5 Sn
FH » 22 B0 M B A 1 JBE 4 B 4 M iR AR ) 2 A v BT 1Y
JEE g2 MR .

18 56K R A58 245 0 AR b B 1) 45 AH 25 A 1 O TR AR
A DAAR T B P < Song A55 IE I 45 G 4% GE M K Be 4
R AL B ] A pROREL R R 2 R L R P RURL B &
F Al-Sn-Si & 4 . K BURE S AL-S AR IR & P
ARSI AL 8 foR K R #E 500°C # 550°C 1R 2k
TR ST e A R R R R B A A AR DT, SR
e AR TS B 1 i G 2 S S B L2 A B . AR
K HIRELH Al-Sn-Si & 4 W8 B 5w, BT AE Tk 22
FEUB B B RE2E . 7E 600°CIR KA & L
T 85 R iR ) R R A I 38 T AU AR S R S R T Y R
WG, TEZEIR T ALH Al-12Sn-2. 5Si(wt %) &4 11
SEM EM& A 4 R,

() AR K+ (b~d) 23 34 500°C ,550°C Fl 600°C T i ok B
(a) No annealing, (b—d) annealing at 500°C, 550°C , and

600°C ,respectively
B4 feiE FELH Al-12Sn-2. 5Si(wt) A4 19 SEM K4
Fig. 4 SEM images of Al-12Sn-2.5Si (wt%) alloys

rolled at room temperature

3 RE

TE RS & & e EEE R 0 H
B, BMPRHES T WA RO RE B P REAE AR KRR B b
i1 JHG PR A BRIOUL 5k o 2 67, 2 3R] A7 A o R Rl R
TR A R BT A B A T A Y B
& L SR AH (Sn A B2 o0 A L il 4 B 05 0 T
PEPERE , [ i 2377 ok — BB ) 52 0, 0 R o0 A Tt
ThPEREAR A . PR BT 20T e — AN 2, P B
A S B A U A A T AR A AL 4L B IR B 1k
AP P S DT B2 e 45 4 B B2 98 5 5 < 0 T FEE 455 I 4t
PERE . DA AT 5 45 AR R T BOR R il 2 B B
FEAE 20184 12 A 4 25 K% 6 M

TR RS LBl 2 i o) i A B LA Al
il £ T 2R Al B T2 I A A £ I B TR )
4 BA T JEE AR PR A A i

SE k-

(1] A . FE 2= S M. B 2%, 2. Jb ot - AL ol i iR
#1,2007.

BHUSHAN B. Introduction to tribology[M]. GE S R,
Tran. Beijing: China Machine Press,2007.

[2] KRIM ]. Friction at the atomic scale[ J]. Scientific
American,1996,275(4) :74-80.

[3] BROWN W P,GALAND H,KINGSBURY G R,et al.
Aluminium bi-metal bearing deveopments for automo-
tive and medium speed diesel applications[ ] ]. Industrial
Lubrication and Tribology,1996,48(3) :4-11.

[4] RABINOWICZ E A. Friction and wear of materials
[M]. New York:John Wiley and Sons,1995.

(5] WA MHER.AIRE. % A8 0 EEEBERERYD
52[J]. %1% ,2005,54(6) :591-594.

GAO Y, ZENG ] M,SI ] Y,et al. Study on wear-fric-
tion properties of Al-Sn bearing alloys[]J]. Foundry,
2005,54(6) :591-594.

[6] LEPPER K,JAMES M,CHASHECHKINA J,et al.
Sliding behavior of selected aluminum alloys [J]. Wear,
1997,203:46-56.

(7] kSR, #ERE B 0 A9 JLAS 7 E Br b HE 5 A L], PR BLIC
#,2002,1:25-28.

ZHANG L S. Introduction to several new international
standards for thin wall shaft[J]. Internal Combustion
Engine & Parts, 2002,1:25-28.

[8] FORRESTER P G. Bearing materials[ ] ]. Metallurgical
Reviews,1960,5(20) :507.

[9] PELLEG J]. Mechanical properties of materials. M]. Ne-
w]ersey: PrenticeHall,1999.

[10] SYLWESTROWICZ W,HALL E O. The deformation
and ageing of mild steel: [l discussion of results[]J].
Proceedings of the Physical Society:Section B,1951,64
(9):747-753.

[11] PETCH N J. The cleavage strength of polycrystals[J].
Journal of the Iron Steel Institute,1953,174:25-28.

[12] ARCHARD ] F. Contact and rubbing of flat surfaces
[J]. Journal of Applied Physics,1953,24(8):981-988.

[13] LAPQ.MAJQ.ZHU Y T T,et al. Dry-sliding tribo-
logical properties of ultrafine-grained Ti prepared by
severe plastic deformation[ ] ]. Acta Materialia,2005,53
(19):5167-5173.

[14] JIA K,FISCHER T E. Sliding wear of conventional and
nanostructured cemented carbides [J]. Wear, 1997,
203/204:310-318.

[15] A . A G B TiC $Okr 7R 8 sk 1k 6 A02 407 36+ %}
B LB R BF A (D], B AR K 2E . 2006.
YANG C D. Microstructure and properties of in-situ
synthesis TiC dispersion reinforced 6A02 Al matrix
material[ D]. Nanjing : Southeast University,2006.

[16] STARINK M J, WANG P, SINCLAIR I, et al. Micro-

643



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

644

structure and strengthening of Al-Li-Cu-Mg alloys and
MMCs: [l . Modelling of yield strength[J]. Acta Mate-
rialia, 1999,47(14) :3855-3968.

5K SCE. Bl RL AR Tl Ak A R H R A A B L) . BT b
BE= Al , 2008, 4 :47-50.

ZHANG W Y. Comprehensive analysis of industrial
production technology of shaft wattage material [ ] ].
Advanced Materials Industry,2008,4:47-50.

M. B AR A 4 il TU A RE B T R I T, R ML
#,2004,2:17-19.

MA W. Development and application of material of
bearing bushing [ J]. Internal Combustion Engine &
Parts,2004,2:17-19.

EF/ANKLEIN St XL A A1k Al-Sn REIR G &4
ZEEH KM REZ D], )M AR R LT R %, 2012,
SHU X F. The influence of Si addition on the micro-
structure and properties of Ma Al-Sn bearing alloy[ D].
Guangzhou: South China University of Technology,
2012.

VES ERE.DTWE B8 A EMILE CA6102 &
ML LR T RE T Z 58K, 1999(3) 1 16-20.
JIANG Y Q.HOU F J.SUN Y J. Application of Al-
Tin alloy bearing bush on CA6102 engine[ J]. Automo-
bile Technology & Material,1999(3) :16-20.

FELIPE B,FEITOSA E S F,CHEUNG N, et al. Mi-
crostructure, tensile properties and wear resistance cor-
relations on directionally solidified Al-Sn-(Cu; Si) al-
loys[J 1. Journal of Alloys and Compounds,2017,695:
3621-3631.

TR AR RES. B-9-SR G &tk S
(V] BB R 2 4l A SR B2 i, 2001, 24 (1) < 16-
18.

JIA JLLIJ,YUAN Z X. Property and application of Ai-
Sn-Zn bearing alloy[J]. Journal of Wuhan Yejin Uni-
versity of Science and Technology: Nature Science,
2001.,24(1):16-18.

LU Z C,GAO Y,ZENG M Q, et al. Improving wear
performance of dual-scale Al-Sn alloys:The role of Mg
addition in enhancing Sn distribution and tribolayer
stability[J]. Wear,2014,309(1/2):216-225.

LU Z C,ZENG M Q,GAO Y,et al. Improving wear
performance of dual-scale Al-Sn alloys by adding nano-
Si@Sn: Effects of Snnanophase lubrication and nano-Si
polishing[J]. Wear,2015,338/339:258-267.

BELOV N A,AKOPYAN T.GERSHMAN I S, et al.
Effectof Si and Cu additions on the phase composition,
microstructureand properties of Al-Sn alloys[J]. Jour-
nal of Alloys and Compounds,2017,695:2730-2739.
TR WA 20, AF TR A B AL-Sn-Cu B 4
WRMAR S EaelT]. T EA @4 )8 =4, 2015, 25
(12):3327-3335.

ZHANG S C,PAN Q L. LI B, et al. Microstructures
and properties of wear-resistant Al-Sn-Cu bearing alloy
[J]. The Chinese Journal of Nonferrous Metals, 2015,

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

25(12):3327-3335.

EM. &R ERIMI] dE 5 R 4 Tl i AR 4,
1992.

SUN J S. Wear of metals[ M]. Beijing: Metallurgical
Industry Press,1992.

ABIS S.BARUCCA G.MENGUCCI P. Electron micr-
oscopy characterization of Al-Sn metal- metal matrix
composites[ J]. Journal of alloys and compounds,1994,
215(1):309-313.

LITVINTSEV A,KAPUTKIN E. Determination of
temperature ranges of phase transformations occurred
in heating of PM AI-Sn-Cu-Mg Alloy[ J]. Advances in
Powder Metallurgy and Particulate Materials, 1997,2:
14-175.

KANEKO J,SUGAMATA M,BLAZ L,et al. Alumi-
num-low melting metal alloys prepared bymechanical
alloying with addition of oxide[]J]. Key Engineering
Materials,2000,188.:73-82.

PLATIS F S. Electrodeposition of Aluminum-Tin al-
loys from organic electrolytes[ ]J]. Journal of the Elec-
trochemical Society,1987,134(10) :425.

X G EEE, TH YIKRE A Al-Sn B & KA T
UM AR AT, &8 PALBE, 2009, (3) :27-31.
LIU X,ZENG M Q,MA Y.et al. Variation of micro-
structure and hardness of nanocomposite Al-Sn alloy
during sintering[ J]. Heat Treatment of Metals, 2009,
(3):27-31.

ELWOOD E C. Materials and Methods,1957,6(4).
WM. Al-12 % Sn A 4 I HLAR A 4 T il £ B B8 48 2
REAFFELD]. )M AR R LK %, 2010.

LAI Q F. Preparation and tribological properties of Al-
12% Snr alloy by mechanical alloying[ D]. Guangzhou:
South China University of Technology,2010.

LIU X,ZENG M Q,MA Y.et al. Wear behavior of Al-
Sn alloys with different distribution of Sn dispersoids
manipulated by mechanical alloying and sintering[]J].
Wear,2008,265(11/12) :1857-1863.

SONG K Q,LU Z C,ZHU M S,et al. Zeng. A remark-
able enhancement of mechanical and wear properties by
creating a dual-scale structure in an Al-Sn-Si alloy[]].
Surface and Coatings Technology,2017,325:682-688.
BB AR B MR RS R A SOHL B Y
WARS W 5EL ). ) Pa AL 42,2015, 22(5) :499-505.
MAO H,LUO Z R,HUANG S Y, et al. Phase-field-
crystal modeling for crack propagation and branch of
materials[ J]. Guangxi Sciences,2015,22(5) :499-505.
Wit 48, 200 SO PE AR AR B 4 b 8 N B o
LT 7 PE Rk ,2015,22(5) : 473-480.

CHEN J H, YAN H G. Application and development
of severe plastic deformation in magnesium alloys[J].
Guangxi Sciences,2015,22(5) :473-480.

(GAE SR Bl

Guangxi Sciences, Vol. 25 No. 6,December 2018



