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Microstructure and properties of creep aged 2124 aluminum alloy
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Abstract: The effect of pre-treatment (15% pre-deformation +100 ‘C pre-aging for 5 h) on creep age forming of
aluminum alloy 2124 sheets, which can be enhanced by heat treatment, was investigated. The microstructures and
properties of two sheets with different pre-treatments were analysed by means of SEM, TEM and measuring the electrical
conductivity, Vickers hardness and tensile performance. The results show that the pre-treatment reduces the elongation of
the initial stage of creep, but increases the steady-state creep rate; the coarse Fe and Si second phase particles are crushed
to certain degree by the pre-treatment, and such coarse particles are further broken down by the subsequent creep stress.
The morphology and distribution of the precipitated second phase particles are also improved by pre-treatment. The
pre-treated sample depicts higher electrical conductivity, hardness and strength but smaller elongation rate than the
non-pre-treated one.
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Table 1 Chemical composition of 2024 alloy (mass fraction,
%)

Cu Mg Mn Ti Fe

3.80-4.90  1.20-1.80  0.30-0.90 0.15 0.30
Si Zn Cr Al
0.20 0.25 0.10 Bal.
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Table 2 Experiment processes of two samples with different

initial states

NPT sample
430 C rolling to 1.20 mm+ 430 C rolling to 1.42 mm+ (493
(493 °C, 40 min)

PT sample

‘C, 40 min) solution-quenching +

solution-quenching pre-treatment
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Fig.1 Creep curves of two different initial state samples at 180 C (a) and 190 C (b)
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Table 3 Total creep elongation and steady state creep rate under different experimental conditions

Sample Experimental 180 C,20 h 190 'C, 12 h
stress/MPa  Total creep elongation /% Steady state creep rate /s ' Total creep elongation /% Steady state creep rate /s '

192 0.055 2.240 1x1077 0.076 4.599 6x1077

NPT 241 0.204 5.676 7x107 0.287 1.4812x107°
265 0.287 1.205 9x107° 0.558 3.952 0x107°

192 0.156 1.680 3x107° 0.189 3.790 9x107°

PT 241 0.18 2.667 7x107° 0.344 7.685 9x107°
265 0.292 4.067 2x107° 0.454 1.073 6x107
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Fig.2 SEM images of two initial state samples at (190 “C, 12 h) under different stress states: (a) NPT sample , 0 MPa; (b) NPT
sample, 192 MPa; (c) NPT sample, 265 MPa; (d) PT sample, 0 MPa; (e) PT sample, 192 MPa; (f) PT sample, 265 MPa
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Fig.3 TEM images of two different initial state samples after creep aging with (241 MPa, 190 °C, 12 h): (a) NPT sample; (b) PT
sample
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Fig.4 Electric conductivity curves of two different initial state
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Fig.5 Hardness curves of samples by creep ageing with (190

‘C, 12 h)
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Fig.6 Room temperature tensile properties of samples by

creep ageing with (190 C, 12 h)



2045 11

MIEHK, e 2124 FA SIGR N s 1 S5 e

2111

HHLL NPT [/ o AEMRAR I RO Ferp, WiRiREs A
{14 -1 20 S i o5 700 87 P9 486 D v 2 B9 5 AR A1 s s ol
TS, (HEAR T 2124 WREAE SR R T8S51 fif
KR (10%). PTIAFELE(Q241 MPa, 12 h)ifE AW 25,
KRN 4% 5547 .

1) 2124 & G2 N AT AR EE, BRAR T Edi AR I
O RE G AR AR I B R AR IR, ERER TR
i AR B (R AR T A

2) PALHIXIEEARTPRIR Feu Si A0 — & HIBRYE
(A I L (B NP ) VA i s 2 2 A LN U1
ARFREE T 2124 & il AN O RE R TOW AR, TS
SRS T BRIV AL 1 2800, FiA BR A it 28 — A (10
B AR A, AT A A2

3) AEAIER T4 T, PAbEE AR T B
o MR R, KRS, WReE
(NP e

REFERENCES

[1] SALLAH M, PEDDIESON J, FOROUDASTAN S. A
mathematical model of autoclave age forming[J]. Journal of
Materials Process Technology, 1991, 28(9): 211-219.

[2] HOLMAN M C. Autoclave age forming large aluminium aircraft
panels[J]. Journal of Mechanical Working Technology, 1989,
20(9): 477-488.

3]  EUoH, 3 B RABAREEBULTEEORD]. AU 4R, 2008,
29(3): 721-727.

ZENG Yuan-song, HUANG Xia. Forming technologies of large
integral panel[J]. Acta Aeronautica Et Estronautica Sinica, 2008,
29(3): 721-7217..

[4]  FN, H7HE, FUR, AES0GE, BRICHL Ha S sor
N RRICAS G 42 [3]. #EHTR, 2006, 20(5): 101-103.

LI Jin-feng,ZHENG Zi-qiao,LI Shi-chen, REN Wen-da, CHEN
Wen-jing. Age forming of Al alloys and age formable Al alloys[J].
Materials Review, 2006, 20(5): 101-103.

[5] IDEM K, PEDDIESON J. Simulation of the age forming

process[J]. J Manuf Sci Eng, 2005, 127 (1): 165—-172.

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

ADACHI T, KIMURA S, NAGAYAMA T, TAKEHISA H,
SHIMANUKI M. Age forming technology for aircraft wing
skin[J]. Mater Forum, 2004, 28: 202—207.

AR, R, R M, SRR A SRR IR T
[7]. FHUELT 2, 2008(2): 57-59.

ZHANG Zhi-guo, GAN Zhong, YUAN Sheng, MA Ze-en. Age
forming of aluminum alloy[J]. Age Forming of Aluminum Alloy,
2008(2): 57-59.

HO K C, LIN J, DEAN T A. Modelling of spring back in creep
forming thick aluminium sheets[J]. International Journal of
Plasticity, 2003, 20 (4/5): 733-751.

HUANG Lin, WAN Min. FEM analysis of spring-backs in age
forming of aluminum alloy plates[J]. Chinese Journal of
Aeronautics, 2007, 20(6): 564—569.

GUINES D, GAVRUS A, RAGNEAU E. Numerical modeling
of integrally stiffened structures forming from creep age forming
technique[J]. Int J Mater Form, 2008, 1(1): 1071-1074.
STARINK, M J, GAO, N, KAMP, N, WANG, S C, PITCHER, P
D, SINCLAIR, I. Relations between microstructure, precipitation,
age-formability and damage tolerance of Al-Cu-Mg-Li (Mn, Zr,
Sc) alloys for age forming[J]. Materials Science and Engineering
A, 2006, 418(1/2): 241-249.

i A | 2= R e R R 7 = e ot BV = R o B NS
I Ak B e, A (0 T 2R AR b v 1 11 5 55 T
M]. bt A Ok R, 2006.

TANG He-ping. Wrought aluminium alloys and casting
aluminium alloys production and new technologies of heat
treatment, surface treatment, dyeing and coloring for aluminium
alloys and the latest standards of practice handbook[M]. Beijing:
Publishing House of Electronics Industry, 2006.

B, B8, TG, KEE. PHEERNROOE R A
FRIGHHTII]. WS HEHIAR, 2008(17): 85-89.

CHENG Wu-dong, GAN Zhong WANG Tian-xiu, ZHANG
Zhi-guo. Aeronautical
Manufacturing Technology, 2008(17): 85—89.

HEK. B THEARSH T WM. dbat: e Tk L,
2005.

FEA of autoclave age forming[J].

XIAO Ya-qing. Aluminum technology practical handbook[M].
Beijing: Metallurgy Industry Press, 2005.

TR, PRI ARG S WR M. bt RbE L, 2007.
ZHANG Jun-shan. High temperature deformation and fracture of
materials[M]. Beijing: Science Press, 2007.

(4miE fF18)



