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Re- ageing behavior of retrogressive precipitated phase
caused by severe plastic deformation

XU Xiao-chang, LIU Zhryi, ZHANG Kun, ZHENG Qing-chun, YE Cheng-wu
(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The microstructure and properties of an aged AFZmMg-Cu alloy associated with severe plastic deformation
were studied by transmission electron microscopy and hardness measurement methods. The results show that the precipi-
tates is fragmented and the retrogressive phenomenon of precipitated phase particles is caused by severe plastic deformation
at room temperature condition. The sample which has retrogressive phenomenon precipitates the secondary phase during
re-ageing treatment subsequently, and the reprecipitation sequence is due to the grain size caused by severe plastic defor-

mation. There is a critical grain size below which the reprecipitation sequence changes, the heterogeneous precipitation of

phase at grain boundaries would suppress precipitation of metastable phases such as GP zones and if phase.

Key words: severe plastic deformation; AFZm Mg Cu alloy; ageing precipitated phase; retrogression; re ageing
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Table 1 Compositions of tested alloy

(mass fraction, %)

Al Zn Mg Cu Impurity

89.0 5.1~6.1 2.1~ 2.9 2.0 1.0

BERE S RS LA, BFE d 12 mm )
Bebt, BELE R 17.36, RGTIEK d 5 mm x7.5
mm [ R AERARRFE .

1.2 SERTTE

SIHT T 6 B bR T2 A R AR AR A R
HEHN BT MALR, AT 20 T2,
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W 22 55 43§ 4 JEM-2000EX H 7 &5 3k 455 b 3k
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IR, AR AR R KA T & 90%, AR
fSEAT HAE A R [l TR A L O T R A A N AR
PRSI AR = A, DA n A 5 ) it A0 5 R
BB AT R iR g, BRI EE — IR

FCRET 180 °C, 24 h )ik I R AbEE, T B e 2% 0
KE 120 °C, 24 h [0 R AL BE . AR AH AR B
wl'> B S E SR E 180 C, 24 h KL %
Ab PRI FE RS AR R R AT, BT R R
W EEART 50— IR IR B, AR AEIX 2 RIS R AL 2]
Z AT HAREY, ) 120 C, 24 h K FR 4k
HASH B SE AR AT, MEEEASH R
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Table 2 Treating technology of tested samples

Sample No. T echnology of treating

1 Solution treatment (460 C, 30 min, water quench-

ing)

2 Solution treatment (460 C, 30 min, water quench-
ing) + ageing( 180 C, 24 h) + deforming at room
temperature( 10% ~ 90%)

3 Solution treatment (460 C, 30 min, water quench-
ing) + ageing( 180 C, 24 h) + deforming at room
temperature( 10% ~ 90% ) + reageing( 120 C, 24 h)

4 Solution treatment(460 ‘C, 30 min, water quench-
ing) + reageing( 120 C, 0~ 44 h)

5 Solution treatment (460 C, 30 min, water quench-
ing) + ageing( 180 'C, 24 h) + deforming at room
temperature( 90% ) + reageing( 120 C, 0~ 44 h)

6 Solution treatment(460 ‘C, 30 min, water quench-

ing) + ageing( 180 C, 24 h) + retrogressing(220 C,
90 s) + reageing( 120 C, 0~ 44 h)
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Fig. 1 Hardness —deformation curves of
samples treated under different conditions
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Fig. 2 Hardness —ageing time curves of

samples treated under different conditions
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Fig.1 TEM image of sample 1 after
aged at 180 C for 24 h
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Fig. 4 TEM images of samples after retrogresion treated under different conditions
(a) —Solution treatment(460 C, 30 min) + ageing( 180 ‘C, 24 h) + retrogression(220 C, 90 s);
(b) —Solution treatment(460 C, 30 min) + ageing( 180 C, 24 h) + 50% deformation at room temperature;

(c) , ( ) —Solution treatment( [ , 3 min)+ ageing( 180 C, + © deformation at room temperature
d S 460 C, 30 0°C,24h 90% d p:
((c) —Bright-field image; ( d) —Dark-field image)

B 5 RFEEAFRLMREIAGEEE 120 C, 24 h 4045 F N8 HE S BB
Fig. 5 TEM images of samples after retrogresion treatment at

different condition with re-ageing at 120 C for 24 h
(a) —Solution treatment(460 ‘C, 30 min) + ageing(180 C, 24 h) +
Retrogression(220 C, 90 s) + reageing( 120 C, 24 h);

(b) —Solution treatment(460 C, 30 min) + ageing( 180 C, 24 h) +
50% deformation at room temperature+ reageing( 120 C, 24 h);
(¢) —Solution treatment(460 C, 30 min) + ageing( 180 C, 24 h) +
90% deformation at room temperature+ reageing( 120 C, 24 h)
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