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Fig.1 Microstructures of tin bronze at different annealing temperatures: (a) 450 ‘C, (b) 500 C, (c) 550 “C, and (d) 600 ‘C
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Fig.3 SEM image (a) and EDS mapping of element Cu (b), Sn (c), P (d) for tin bronze before annealing



* 4122 -

Wit @A RS TR

50 3%

EHE5YE Cu TR M—FAA RIS E )R
& 5 M, 5 M CugSnyy, EAMERENME, EEET
OF RN, T DAAE BRI A BN ROAE N 2 B R AE T
i 45 ] P9 A F R () LK) — B 4 o Sn JG 3R AE [
PN E R, FEBEIFE Cu A KK a-Cu H
PR v A4, LA T OS2 T 454, a-Cu BT R AF A9 M
PILRBMAEGER D, HEELL CuP A T 8k
M, HAp RTS8 E . BT EREY
B HE W B R KA 7 kAT PR A, 28
CuzSnyss CusP 5 a-Cu JE & T (a+d+CusP) AT 4H 217
BETEVRAH

P4 24 500 ‘CiE -k 120 min J& 25 ¥4 i85 5 il
SEM ZHZ{F1 EDS ok 4% HE 4 AfLLEH, &
B K AEEL S Cus Sn. P JG &R A W 5B kAT 4
MEAN—H, HHER L1 AHEREKATRSENAH
S ARAK, T I R K AL BN REGE SE A B Sn e R
T ILS, (R LASGE ST R A0, I AT 1) &
F, WEHHFRHSSHASMMER. EiLE 4 19 EDS 7T
FIHET LLIE H, Cu st R NEE KEAFLE T BRR ok
LA RESA, 1 Sn & A P oo ] LT
BB AT R RY B, 5B 3 MM, fERRLNEE
BELZH) Sn Al P JC AN . EIR O 78 A s s
£ Sn. P JGE MIBARY BRI B AR TE BL a-Cu [,
[Fi) o 3 AT A B [ v Ak A L AT B2 s i Rk ) 77 2
PEBE . LA Sn TG E IS s, AR 1r [ AR 9 5 1R
3 T DAY ) 98 A 328 5 7 e ] A, S A B R TE R

(1 i) BT g5 R 9 A FH AN R0 0] Acb A 80 K s A0 A T 2 v 17 B
BIE, X5E 15T A H U —

F1NBKATERE . WHAH Cus Sn. P LR A&
H. HE 3 5K 4 TLEH, EIBAATE, 3 FIC
F B AR A R SE A ARIT, Cu R AERE . WHIAHR
SIARECNIAAT, TSNy P G ER 32 B4y A 75 VRO A
TWAHAE A o A 2R K5 [ 25 8 7 i 25 23 v [ AH A
Wb Sn TR B EH 1.73%4e %2 5.23%, P iHm S &
H 0.39%#2 7+ % 0.52%, MAHF Sn. P LEHKEE T
B, REIB KPR ESR T Sny P TR
P, T e RN T .

Kl 5 NIBKHT 585 MiE XRD K. —&{E
Bl 26 Jy 4060 X (A BN R, @i iS4 LUE
e, AR IE MGy 5 M, AN a-Cu A . XFEE
2 itk v UE Y, 25 500 ‘CAB -k 120 min &85 4
HMEALRNMMAEABEA KEHEZL, 2 MRET
HEH a-Cu . 0 Al EHEBSD CusP M. HAEEK
W v 7 0] 20 B U 5 T 99 55 2 5 A I o-Cu W5 9, X 2
M7 #ab )G, Mo o AR T oM, IiaRE
WAL BEA% . BT Cu AR EE T Sn JET, Sn JET 1
PREKRT Culit, 2FBURHE KA a-Cu W m A
¥ If, ATHERREE N EIE A . T 6 A A AR,
FIt CATE & JIR K T AR e 58 A B, 7R 1B KK IH AT A
K] o A6, FREEA> & o AHTE S 1] H DA Rt ] v 3k
o-Cu 1 A] LLARIE S 5 M & & 0 1 2 Mg, Bt 21
5 MR 2 ARG &M PERE . IR KA HE A AT DL 2

20 pm

B4 BKJEHTEH SEM A 4URI EDS i3
Fig.4 SEM image (a) and EDS mapping of element Cu (b), Sn (c), P (d) for tin bronze after annealing



5114 MRS R JGEEER R B R T A A E S RERI IR

© 4123 -

Fz1 E3FE4HRAEFEHIKES Cu, SN, P TREE
Table 1 Element contents of Cu, Sn, P for the samples before

and after annealing in Fig.3 and Fig.4 («/%)
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Element — - P— -
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P 0.45 0.39 0.32 0.52
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Fig.5 XRD patterns of semi-solid tin bronze alloy before and

after annealing
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Fig.6 Brinell hardness of semi-solid tin bronze at different

annealing temperatures
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Fig.7 Three-dimensional contour map of wear surface of semi-solid tin bronze at different annealing temperatures: (a) 450 C, (b) 500 C,

(c) 550 °C, and (d) 600 C
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Fig.8 SEM morphologies of wear surface of semi-solid tin bronze at different annealing temperatures: (a) 450 C, (b) 500 C, (c) 550 C,
and (d) 600 'C
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Fig.9 Wear rate and friction coefficient of semi-solid tin bronze

at different annealing temperatures
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Fig.10 Tensile strength and elongation of semi-solid tin bronze

at different annealing temperatures
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Fig.11 Tensile fracture morphologies of semi-solid tin bronze at different annealing temperatures: (a) 450 ‘C, (b) 500 °C, (c) 550 ‘C, and

(d) 600 C
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BydmkL RS 75.2 pme

3) BEAE IR R E T, Al AR BT S B A
IRBE R HBW Jt L Ft)E R FE. B kIR A 500 CHY,
PERE AL 1410 MPa, 5RIBKAHEHEF T 11.9%.

4) BB R R T, AR B S R i i
P P Sl 48 5 S PR AR, 500 °C IR BRI e NN, b
JEE P R AU AR 0.48, i 85 1 5t v, BE 4 2R A ARl 6%

5) B & B R E T, Al AR BT SE B B
7 5 R A fift 26 315 S 1 5 )5 BRAIC, R KGR FE R 500 °C
Wi G Re A, PihiiREN 423 MPa, IEffiZN
6.6%; 5 ARIB KA HHEF T 14.95%F1 46.67%.
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Effect of Annealing Temperature on Microstructure and Properties of
Thixo-Extruded Tin Bronze Bushing

Xiao Han, Cui Yunxin, Xiong Chi, Chen Lei, Zhang Xiongchao, Li Yongkun, Zhou Rongfeng

(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The thixo-extruded tin bronze bushing parts have been used for annealing treatment. The effect of annealing temperature on the
microstructure, element distribution, wear properties and mechanical properties of the thixo-extruded tin bronze bushing parts was studied.
The results show that after annealing treatment, Sn and P elements can diffuse from the liquid phase to the Cu matrix solid phase, forming
a-Cu solid solution. As the annealing temperature increases, the average grain size gradually increases, the shape factor first decreases and
then increases, Brinell hardness first increases and then decreases, wear rate and friction coefficient first decrease and then increase, and
tensile strength and elongation first increase and then decrease. The microstructure and comprehensive properties of the tin bronze bushing
are the best, when annealing at 500 °C for 120 min. The shape factor is 1.26, the average grain size is 75.2 um, the tensile strength is 423 MPa, the
elongation is 6.6%, the Brinell hardness HBW is 1410 MPa, the wear rate is 6%, and the friction coefficient is 0.48.

Key words: copper alloy; annealing treatment; thixo-extrude; microstructure; mechanical properties
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