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Effect of solution and aging treatment on
microstructure and properties of QA19-4-3 aluminum bronze
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Abstract: The effects of solution and aging treatment on the microstructure and mechanical properties of QAl9-4-3
aluminum bronze were investigated by SEM, XRD, EDS, TEM, tensile tests, wear tests, micro-hardness and
macro-hardness tests. The results show that with the decrease of aging temperature or the increase of solution
temperature, the martensite characteristics of the original f hard region becomes more obviously. The increase of
solution temperature also results a higher area rate of the S hard region. Such structural characteristics lead to the
increases of tensile strength and hardness, and the decrease of elongation. The best process of solution and aging is as
follows: solution at 910 “C for 3 h, and then aging at 480 ‘C for 1 h. Under this condition, the micro-hardness of the
original ff region is 270HV, and the area rate of ff to a is 71:29, making the obdurability of the alloy preferable: tensile
strength of 887 MPa, hardness of 253HBS and elongation of 7.3%. The two former properties are 22% and 33% higher
than those of the extruded alloy. The friction coefficient is slightly higher than that of the extruded alloy, but the wear
rate is 27% lower than that of the extruded alloy, showing good tribology performance.
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Fig. 1 Microstructures under queching state and different aging temperatures: (a) As-quenched; (b) 430 °C; (c) 480 C; (d) 530 C;

(e) 580 C; () 630 C
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Fig. 2 Precipitated phases in original f region and electron diffraction pattern: (a) Km phase; (b) Lamellar a+Km eutectoid at grain

boundary; (c), (d) Electron diffraction pattern of a+Km eutectoid showing K-S orientation relationship between o and K
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Fig. 3 Mechanical properties under different aging temperatures: (a) Micro-hardness of phases; (b) Macro mechanical properties
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Fig. 4 Microstructures of alloy after solution at different
temperatures for 3h and then aging at 480 ‘C for 1 h: (a)
820—850 C; (b) 880-910 C; (c) 940 'C

80

[o))
(=}
T

= —g phase
® —OQOriginal £ region
4 —K phases

Area rate of phases/%
S
(e
T

N
(=}
T

A

1 f T . -m—
820 850 880 910 940
Solution temperature/C

B5 [ R AR A 5

Fig. 5 Effect of solution temperature on area rates of phases
after solution at different temperatures for 3h and then aging at
480 C for 1 h
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Fig. 6 Effect of solution temperature on mechanical properties of alloy after solution at different temperatures for 3 h and then

aging at 480 “C for 1 h: (a) Micro-hardness; (b) Macro mechanical properties
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Table 1 Mechanical and tribological properties of the alloy

under extruded and heat treated conditions
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Fig. 7 Wear morphologies of alloy under different conditions:
(a) Extruded; (b) Heat-treated



233

M, 25 RV 06 QAI9-4-3 B4 2 ZURI I BE 1) 52 685

M S, DR URARUR A T (1 RE Ty o, 1803 Tl 9 1)
VB J AE AR 2T B AN oL, BEI IR AR, S8R
ol PR L 45

T R, SR A LR A
Sz AETE, SR BN, A
B, SR A AR RGN S s
TR B, ARSI ARG AR BT
ERTY R, SERVERE, TBRERE. ZR
ASCHEE, B e 0 R AN TR iR R B e, T
BER T AT HRE R (IR SN A7, A8 5 AR AR T 1Y)
REyHg AR, A D RE I S iR e T
TR MR ERE DU, NIRRT SR
EERTi e 23 S NI S R S = 1Y S S 7
e LT EEVERE, T (R I4 m A R BRI .
T AL AR S OB SN 5 P b T8 )
KV BB ST RN e m, [FAINGEAT 58
(RIZEE, DRV ELAT AL el B i S o

3 Zig

1) I 280H FE SO B B AR X I AR5 o B
I RO T R, 120RH DX ) PR R 18T 2K
FAl/N Kot AT AT, pAHE AN atKu
AR RESE O, b=k B R, BG4S
(e i B R FE 0 8 PRSP TR, Bl
vl B T, A< B X ) T AR AR R
WEFERIIE O, X4 0 P B 1 A A F 3 55 I 2
TFEAH R -

2) PRAFHIEAEREIE I T2 (910 °C, 3 h)li]
W, KV, FLA80°C, 1hNE, F. ZLET,
e R B AR ) AR D 2700V, ZX I o
BAHM AL N 71: 29, {68 AR s PITER
A, PrbrsifEy 887MPa, ik 253HBS, KKK
7.3%, HIPHEFIERE D MBS RS GG T 22%
H133%.

3) e AR IS TN A 4 1 R 4 DR s o= T F
FEASG M BEERE, A ERREH RSG &M%
KT 27%, RILHELF EYERE . & &SRB
TEFFIRAS T o 2 E R A BRI AR T 5 57 B 0t 7
AR BRARTR h BRI B L B A5 R A B A R Y B A

REFERANCES

(11 5k e, sk, B fi, BI0oG. i AL T4 T4 )

[10]

[12]

Wb TZT] AR B IOR R AAREER, 2002, 30(2):
91-93.

ZHANG Hua, ZHANG Wei-wen, XIA Wei, LI Yuan-yuan. Heat
treatment technology of a high-strength wear-resisting wrought
aluminium bronze[J]. Journal of South China University of
Technology: Natural Science, 2002, 30(2): 91-93.

LI Wen-sheng, WANG Zhi-ping, LU Yang, GAO Yong, XU
Jian-lin. Preparation, mechanical properties and wear behaviors
of novel aluminum bronze for dies[J]. Transactions of
Nonferrous Metals Society of China, 2006, 16 (3): 607-612.
IREEAR, EEP. B E SIS MR, A A
J&, 2004, 56(4): 51-54.

XU Jian-lin, WANG Zhi-ping. Research and application
situation of aluminum bronze[J]. Nonferrous Metal, 2004, 56(4):
51-54.

R, RO, B B i B R A A B T2
FUIN. HN TR 240, 2002, 28(2): 26-28.

LI Wen-sheng, WANG Zhi-ping, LU Yang. Research on
heat-treatment process of a high-strength and wear-resistance
aluminum alloy[J]. Journal of Gansu University of Technology,
2002, 28(2): 26-28.

CHEN Fu-xiao, LI He-jun, Guo Junging. Predictive model of
superplastic properties of aluminum bronze and of the
superplastic extrusion test[J]. Materials Science and Engineering
A, 2009, 499: 315-319.

GAO Lei-lei, CHENG Xian-hua. Microstructure and mechanical
properties of Cu-10%Al-4%Fe alloy produced by equal channel
angular extrusion[J]. Materials and Design, 2008, 29: 904—908.
KUDASHOV D V, ZAUTER R, MULLER H R. Spray-formed
high-aluminum bronzes[J]. Materials Science and Engineering A,
2008, 477: 43—49.

JAHANAFROOZ A, HASAN F, LORIMER G W, RIDLEY N.
Microstructure development in complex Nickel-Aluminum
Bronze [J]. Metallurgical Transactions A, 1983, 14: 1952—1956.
CHBN Rui-ping, LIANG Ze-qin, ZHANG Wei-wen. Effect of
heat treatment on microstructure and properties of hot-extruded
nickel-aluminum bronze[J]. Transactions of Nonferrous Metals
Society of China, 2007, 17(6): 1254—1258.

T, M OB, AR, B, & RAE. B A T
Cu-14A1-X (AL BLHRAL[T]. S JE b B, 2006, 31(8): 71-75.
LI Wen-sheng, LU Yang, YUAN Li-hua, WANG Zhi-ping, JIN
Yu-hua. Heat treatment strengthening of a novel aluminum
bronze Cu-14Al-X[J]. Heat Treatment of Metals, 2006, 31(8):
71-75.

ZHANG Da-tong, CHEN Rui-ping, ZHANG Wen-wen, LUO
Zhong-quan, LI Yuan-yuan. Effect of microstructure on the
mechanical and corrosion behaviors of a hot-extruded nickel
aluminum bronze[J]. Acta Metallurgical Sinica, 2010, 23(2):
113-120.

SUN Yang-shan, LORIMER G W, RIDLEY N. Microstructure



686 A G EE R 2013 4F 3 1
and its development in Cu-Al-Ni alloys[J]. Metallurgical University Press, 2002: 301-330.
Transactions A, 1990, 21: 575-581. [16] oy SR iE 4% M e AL AR T 4 15 B ol ) 27k R 2 B
[13] HASAN F, JAHANAFROOZ A, LORIMER G W, RIDLEY N. PR EREIFAY[D]. i RIS K2, 2008: 90-98.
The morphology, crystallography and chemistry of phases in GAO Lei-lei. Mechanical and tribological properties of
as-cast nickel-aluminum bronze[J]. Metallurgical Transactions A, aluminum bronze alloy produced by equal channel angular
1982, 13: 1337-1342. extrusion[D]. Shanghai: Shanghai Jiao Tong University, 2008:
[14] JAEH. &@seEM]. Kib: hpg K% ik, 2005: 90-98.
192-211. [17] ZHANG Wei-wen, LEO N T, Xia Wei, QIU Chen, CHEN
ZHOU Shan-chu. Metal heat treatment[M]. Changsha: Central Wei-ping. Influence of heat treatment on tribological behaviors
South University Press, 2005: 192—211. of novel wrought aluminum bronze[J]. Transactions of
[15] . BEERZE M. dbat: K2 AR 4L, 2002: Nonferrous Metals Society of China, 2002, 12(4): 770-774.

301-330.

WEN  Shi-zhu. Principle of tribology[M]. Beijing: Tsinghua

(mig  fIF48)



