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Solution and aging strengthening of
novel Cu-Al-Fe-Ni wrought aluminum bronze
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Abstract: The solution and aging treatments of a novel Cu-Al-Fe-Ni wrought aluminum bronze were investigated by
orthogonal experiments. The methods of analysis and test include OM, XRD, SEM, EDS and mechanical tests. The
results show that the acting order of parameters of solution and aging on the mechanical properties is as follows: aging
temperature, solution temperature, aging time, and solution time. The influence of solution temperature and aging
temperature on the mechanical properties is single, while the influence with the solution time and aging time is more
complex. By optimization, the best solution and aging processes are confirmed as: solution treated at 880 C for 3 h and
then aged at 480 ‘C for 1 h. The comprehensive mechanical properties of the alloy treated under the optimized processes
are greatly improved (0,=810 MPa, 6=9%, 255 HB). The area ratio of soft phases to hard phases and their
microhardnesses have great influences on the mechanical properties.
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Table 1 Composition of pipes (mass fraction, %)

Al Fe Ni Cu

8.5-9.0 4.0-4.5 3.0-3.5 Bal.
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Table 2 Level table of factors of solution and aging process

FE i FeCl3(59 mL)+HCI(25 mL)+H,0(200 mL)¥%
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Factor
Level
A, solution temperature/C B, solution time/h C, aging temperature/C D, aging time/h
1 830 1 480 1
2 880 2 550 2
3 920 3 620 3
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Table 3 Arrangement of orthogonal design and mechanical properties
e cmpetaC tmeh  mpomtaoC  dmen  AMP 9% RS
1 830 1 480 1 788 16.9 209
2 830 2 550 2 743 24.9 182
3 830 3 620 3 713 25.8 183
4 880 1 550 3 790 222 193
5 880 2 620 1 751 26.2 180
6 880 3 480 2 774 15.6 210
7 920 1 620 2 740 17 177
8 920 2 480 3 778 2.2 233
9 920 3 550 1 798 12.7 223
Gyyj 748 773 780 779
Coa; 772 757 770 752
v 772 762 735 760
Range R, 24 16 45 27
5 22.5 18.7 11.6 18.6
5y 213 17.8 19.9 19.2
5y, 10.6 18 23 16.7
Range R, 11.9 0.9 11.4 2.5
Hy,; 191 193 217 204
Hy; 194 198 199 190
Hs,; 211 205 180 203
Range R; 20 12 37 14

Note: Zﬁ , 57 and FU are average values of tensile strength, elongation and hardness of test corresponding to line j and row i.

R}, R, and Rj; are differences between maximum and minimum of Oy » 57 and FU , respectively.
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Fig. 1 Transversal microstructures of extruded pipe: (a) Low
magnification; (b) High magnification
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Fig. 2 XRD pattern of extruded pipe
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Table 4 Energy spectrum analysis of characteristic locations

in Fig. 1

Characteristic Mole fraction/% Phase

location  A; pe  Ni si cu @ WPC

A 184 31 29 02 Bal  «Cu)

B 18.7 60.0 43 43 Bal K;(AlFe;)
c 287 236 82 0.5 Bal Ki(AlFe)
D 241 212 7.6 03 Bal Ki(AlFe)
E 258 103 267 0.1 Bal Ku(AINi)
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Table 5 Characteristics of aluminum bronze microstructures under typical conditions

o L . Volume
State No. Condition Characteristics of mechanical property Phase type fraction/% HVoon
Low strength and hardness, @ 95.8 192
0 Extruded . .
middle ductility K 47 337
o 72 171
830 'C, 3 h)+ .
3 ( (620 C’ 3 13) High ductility o+Km eutectoid 33.2 172
K 4.8 332
o 20 141
(920 C, 2 h)+ o
8 L tilit ' 75.6 235
(480 C. 3 h) ow ductility p
K 4.4 457
o 14.1 143
(920 C, 3h)+ High strength and hardness,
' 81.8 221
? (550 C, 1 h) middle ductility “
K 4.1
o 34.8 154
(880 C, 3 h)+ Good comprehensive
10 ' 60 338
(480 C, 1 h) mechanical properties s
K 5.2
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Fig. 3 Optical microstructures of samples under four typical heat treatments: (a) State 3; (b) State 8; (c) State 9; (d) State 10
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Fig. 4 SEM microstructures of samples under two typical heat treatments: (a) State 3; (b) State 10
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Fig. 5 Effects of solution and aging parameters on mechanical properties: (a) Solution temperature; (b) Aging temperature;

(c) Solution time; (d) Aging time

3 Zig

p=}

1) LEO e E . WA K& 3 MEFr,
M ] Cu-Al-Fe-Ni #aHi ERERT 4 Kb 24
(0 R A I 25 T B S I3 )
P R],  H o ] AN 200 B ) B 4 7 2 PR R s
B, ORI TR R A K A

2) ZARAAT IR SR A [ RS AR B 120
Jefr 880 'C FIHI%E 3 h, /K, RHJGAE 480 'C RIFAL
lLh, 2% . S&E1% LS FIPRSREIE 810 MPa,
B SE IR 255 HBS, HIKHRIA 9%, SRR R&NAE
KM FE PR v

3) HHFRAAILGAL, SRR AUE AU Y
o AR BB IR (1) BAH I at K EHT P29,
(B+K)BEAHFN o BCAH AT THIAR L A S A P2 o) 45462 1D )
HVEREA RIS o

REFERANCES

(1] HRE, EAE. RSN T TUM] K s
HiRAL, 2006: 241-325.

TIAN Rong-zhang, WANG Zhu-tang. Processing handbook of
the copper alloy[M]. Changsha: Central South University Press,
2006: 241-325.

2] IREEAK, ER. WA RO S R A
J&, 2004, 56(4): 51-54.

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

B1 5k e, sk, BOf, BIion. wming AR AN T X
Wb TUZT] AR BRI BAREERR, 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.



522 %5 6

M, A

L Cu-Al-Fe-Ni A AR Al (14 ] i A ) 2488 1

1593

[4]

[10]

LI Wen-sheng, WANG Zhi-ping, LU Yang, GAO Yong, XU
Jian-lin. Preparation, mechanical properties and wear behaviors
dies[J].
Nonferrous Metals Society of China, 2006, 16: 607—612.
AR, B, B B i B R A A B T2
FUIN. HN TR 2440, 2002, 28(2): 26-28.

LI Wen-sheng, WANG Zhi-ping, LU Yang. Research on

of novel aluminum bronze for Transactions of

heat-treatment process of high-strength  wear-resistance
aluminum alloy[J]. Journal of Gansu University of Technology,
2002, 28(2): 26—28.

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.
SRORHE, BRI, 2o, sk, A0, b B BT R
AR T 4575 4 4L AR S PERE IR SR [T]. M )R, 2010,
34(4): 521-525.

ZHANG Da-tong, CHEN Rui-ping, LUO Zong-giang, ZHANG
Wei-wen, LI Yuan-yuan. Effect of heat-treatment temperature on
microstructure and mechanical properties of high strength
aluminum bronze[J]. Chinese Journal of Rare Metals, 2010,
34(4): 521-525.

KAPLAN M, YILDIZ A K. The effects of production methods
on the microstructures and mechanical properties of an
aluminum bronze[J]. Materials Letters, 2003, 57: 4402—4411.

T 55, QAI0-5-5 HHTF HHAL B T Z IWFE[]. R Ah<e s #
ALEE, 2005, 26(2): 12—-18.

HE Yong. Research on heat treatment of QAI10-5-5 aluminum
bronze[J]. Heat Treament of Metals Abroad, 2005, 26(2): 12—18.
R, IEAC KBRS Bt M. dbst: el R,
1988: 32-64.
GAO Yun-yan. Orthogonal and

regression test design

[11]

[12]

[15]

[16]

method[M]. Beijing: Metallurgical Industry Press, 1988: 32—64.
HASAN F, JAHANAFROOZ A, LORIMER G W, RIDLEY N.
The morphology crystallography and chemistry of phases in
as-cast nickel-aluminum bronze[J]. Metallurgical Transactions A,
1982, 13: 1337-1342.

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.

T, MBI, ZEAAE, ERE, & ERAE. B A
Cu-14A1-X (AL BLIRAL[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.

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

T, RS AR B A B 6 BT A 0 27 M RE R 5E
[7]. iEAC il R2# 2491, 2011, 45(1): 35-39.

GAO Wang-ru, CHENG Xian-hua. Effect of mechanical
properties of Cu-10%Al-4%Fe alloy prepared by equal channel
angular extrusion[J]. Journal of Shanghai Jiaotong University,
2011, 45(1): 35-39.

SUN Y S, LORIMER G W, RIDLEY N. Microstructure and its
development in Cu-Al-Ni alloys[J]. Metallurgical Transactions A,
1990, 21: 575—-581.

(4w RITH)



