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Effect of two-stage ageing on microstructures and
properties of 1973 aluminum alloy
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Abstract: The two-stage ageing on the microstructures and properties of 1973 aluminum alloy were studied by means of
transmission electron microscopy (TEM), hardness and conductivity measurements. The results show that the
temperature and time of the second-stage ageing have a key effect on the properties of the alloy, while the temperature of
the first-stage ageing has little effect on them. The best two-stage ageing process for this alloy is: (120 ‘C, 6 h)+(160 C,
16 h). Under this condition, the hardness and electrical conductivity of this alloy are 191HV and 38.0%(IACS),
respectively. The microstructure of this alloy is that the nano scale precipitates disperse inside the grain, and the
coarse-discontinuous precipitates occur along the grain boundaries. The precipitated-free zones (PFZ) appear on the grain
boundaries. The main precipitates are 7 and #' phases, and with minous GP I zone.

Key words: 1973 aluminum alloy; two-stage ageing; conductivity; precipitation

Al-Zn-Mg-Cu RE&2MmE G4, HTeRE

THRE SRR, H TR Z

e LS EEANBEE < 5 TN S5 O T P A
AR A ) I T Tl Rt
THAEME, G 25 v DR s m i
SRPSE, RPN R R LA ZE R A LN
JE§ e ) 2 B e T A e AN AL RIS, Oy

M T O I A (T 7XO) P2 T O 4 5 e 24 1
. kT Al-Zn-Mg-Cu RIS SNHN A T EE
M T RKEIIRFS, FEE PN TSR,
I 233 R 21 2R R RN i P A R 12 X
BT EEEAET075 F17050 240 5 4 A ) v

EEWB: EREHAIIA IR BINE (2006AA03Z517) 5 PR REAM T L2407 18 SCHAE L4 ¥ Bh T H (2010ybfz024)

s HER: 2010-03-23; EiTHHA: 2010-06-21

BIEER: U, Bz, - M 0731-88830264; E-mail: wangmp@mail.csu.edu.cn



530 A G A R

2011 £ 3 H

1973 455 G2 S Wit — Rl v ReAS & 4,
AR ARG mies o 4, AEEPA R,
HIIRAERDUHIN L2 B AR 2l
137 S B (TEM)JESOMSE . 1 X HL AT (SAED) 73
Mr WA S AT T B, WSO ) I R
1973 B G e PE e A B LA R, DL e
UG ACRAS N U AH P ZE R, DS 205 b g2 i ek 2
RERE, RsERRArE LA e R pE B AR .

1 X8

SR RER -0 8 1 2 I EATN 600
mm 1] 1973 SEGEER, Bl S AELBAOM « Ak 22 i
73N Al- 6.27Zn-2.30Mg-1.78Cu-0.11Zr(Jit &3 %5, %).
[l v b BRI SA3(470 °C, 1 h), SR KV S AEAN[R] I 2%
SPE AT I RS . R — R R 6 h
— SN AR EE Sy 5 1004 120 AT 140 °C; ik g
BT TE] Ay 0~48 h, IR FE 43 71 24 150160 1 170 °Co
K HV=5 B/ Gty 4 R S V1R B S i, R
AN 2 kg, I A 15 s KH D60K +4>
Jog W (SO P P R AR . R P PR XA
TEM Ffih, WA VAHIR): V(=37 ¥ i
i h—20~—30 °C, HLJE 2l 15~20 V, HL%i K 80~100 mA.
KH Jeol-2100 AU 5 BT 445 G A2,
LR 200 kV o

2 FHRE55M

2.1 —REREX & &R AT AN
201 G N R R 6T 4 WU I A R P i)

AT SCHRIR I, G R E) 4 6 T 24 h
N, AR a2 REAH ZEA K, (ETT L RESRIZ
GrOrm%IE, W6 h h—gui ). PRk, fEmt
TGN G g, B G L
TEEX A R RE e 16 1 fras ol 1973
403 WIAE 100, 120 AT 140 “C—2 %% 6 h, #RJF1E 160
CHAT I 25 B PR v 26 (1) A8 Ak i 25« tH L 1)
ATRAEH, U —ZRER B 100°CH, Bl I 24
HEAT A 4 R 58 AP 1 b — 25 i 25 FEE 4 120 1 140
CI B S NOK, FEASRE WEAE H IAE — 2 2% 8 h A,
H 193 HV. —ZINRARE A 120 ‘CIE, 5L IS
305 h A BIEREUE(E, 2904 199 HV, ZEK 403k
N [R5 AP R B e T — N A0 48 140 CHIY,

FE b A2 2N 3% 4 h I IE R IR, HAE A 194 HV.
1(b) iz A AN []— 2 280 B 1 Tl 5 30 10 A8 4k
2o I 1)TLLE Y, LS AR R — G 50
PIARAN K e AEARTR— RS T, 5588 4
Mgk ErbE.

200
(a)
190 -
>
jast
2180
=)
= —100°C
170 - e —120°C
4 —140°C
160 L 1 1 1 1 1
0 5 10 15 20 25 30
Time/h
42
(b
40 -
§’
2L
<
2361
=
o
3 347 " —100°C
8 e —120°C
32F 4 —140°7C
30 1 1 1 L

1 Il
0 5 10 15 20 25 30
Time/h

1 2RI G R it XU N R F ) 52 )
Fig.1 Effect of temperature of first-stage ageing on properties
of samples during two-stage ageing processes(second stage

ageing at 160 “C): (a) Hardness; (b) Electrical conductivity
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B2 1973 Bia R A — RN L Z AR R S W DTTEAT ) TEM 18
Fig.2 TEM images of intragranular precipitation of 1973 aluminum alloy treated by different first-stage ageing processes: (a) 100 C, 6
h; (b) 120 °C, 6 h; (¢) 140 °C, 6 h; (d) (100 °C, 6 h)H160 °C, 16 h); (e) (120 °C, 6 h)+(160 ‘C, 16 h); (f) (140 °C, 6 h)+160 °C, 16 h)
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Fig.3 TEM images of precipitation on boundaries of 1973 aluminum alloy treated by different first-stage ageing processes: (a) 100 C,
6 h; (b) 120 °C, 6 h; (c) 140 °C, 6 h; (d) (100 “C, 6 h)+(160 °C, 16 h); (e) (120 ‘C, 6 hy+(160 C, 16 h); () (140 “C, 6 h)+(160 C, 16 h)
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Fig.4 Effect of second-stage ageing temperature on properties of samples during two-stage ageing processes (First-stage ageing at

120 °C for 6 h): (a) Hardness; (b) Electrical conductivity
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Fig.5 TEM images of intragranular precipitation of 1973 aluminum alloy treated by different second-stage ageing processes:
(a) (120 °C, 6 h)y+(150 °C, 2 h); (b) (120 ‘C, 6 h)+(150 C, 16 h); (¢) (120 “C, 6 h)+(150 C, 48 h); (d) (120 °C, 6 h)+(160 C, 2 h); (e)
(120 °C, 6 h)+(160 “C, 16 h); (f) (120 °C, 6 h)+(160 °C, 4 8h); (g) (120 °C, 6 h)+(170 ‘C, 2 h); (h) (120 °C, 6 hy+170 °C, 16 h); (i)

(120 °C, 6 h)y+(170 °C, 48 h)
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Bl 6 1973ty G AN N AT ZAEE A i SHITEAT) TEM f

Fig.6 TEM images of precipitation on boundaries of 1973 aluminum alloy treated by different second-stage ageing processes:
(a) (120 °C, 6 hy+H(150 “C, 2 h); (b) (120 °C, 6 h)+(150 ‘C, 16 h); (c) (120 ‘C, 6 h)+(150 °C, 48 h); (d) (120 ‘C, 6 hy+(160 C, 2 h); ()
(120 °C, 6 h)+(160 “C, 16 h); (f) (120 °C, 6 h)+(160 °C, 48 h); (g) (120 °C, 6 h)+(170 ‘C, 2 h); (h) (120 °C, 6 hy+170 °C, 16 h); (i)
(120 °C, 6 h)+(170 °C, 48 h)

B 7 1973 886446120 'C, 6 h)+(160 C, 16 h) I %5 % X H 7T 5 Erf
Fig.7 SAED patterns of 1973 aluminum alloy aged by (120 ‘C, 6 h)+(160 ‘C, 16 h): (a) [112]; (b) [111]; (c) [011]
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