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Effects of two stage solution on microstructures and
mechanical properties of 7AS55 aluminum alloy
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LIU Wen-hui, ZHANG Chong, DU Yu-xuan

(School of M aterials Science and Engineering, Central South University,

Changsha 410083, China)

Abstract: The effects of temperature and time of two-stage solution on mechanical properties of 7A55 aluminium
alloy sheet were investigated by optical microscopy, TEM and SEM analyses and tensile testing and electrical con-
ductivity test. The optimal two-stage solution treatment is 450 C, 90 min+ 485 'C, 40 min. The mechanical proper-
ties G,, @.2 and Oreach 648.4MPa, 629.6 MPa and 11. 9%, respectively, after aging at 120 C for 24 h. The results
show that the first stage solution is crucial to the mechanical properties, and the optimal temperature is 450 C. The
extensive recovery occurs after the first stage solution at 450 C, which reduces the driving force of recrystallization.
Consequently, higher alloying elements supersaturation in matrix is obtained at the second stage high temperature
solution and only little recrystallization happens. As a result, a better precipitation strengthening effect in subse-
quent aging is attained.
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HBE(TEM) M % H 41 21, 4£ CSS ~ 44100 L 7
IR SEEG AL BEAT I S B Al B bz A S v e
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Table 1 Scheme of two-stage solution
heat treatment Lo(3")

One stage solution Two stage solution

Level Temperature  Time Temperature  Time
(A)/ C (B)/min (C)/ C (D)/ min
1 440 120 470 40
3 450 90 480 30
3 460 60 485 20

2 GRESH

K 2 13 P4 A A 4 2 AN TR R ] 35 A 2R
I 2505 10 07 2 P 58 R0 25 BR 25 0 P 8 15 i 13 300
B 1 PR AAFEEE IR S 48 T6(120 C, 24 h) I
I GAHEE  Hob I 1(a) < (o) Ml(e) Bindr il h
440 C, 60 min; 450 C, 60 min F1 460 ‘C, 60 min
HR WS G T 6 IR 5 42l .

HmE 2 A, £ARKUEEE LZE, ik
FE 01 B8 25 5 Ut BRI AL [T A 38 ] DA 365 4 1 )
M BE . TASS B A A AR AT WU ] v A BRI, 2R
— 2 [EI L EE R 450 I #0722 P RE 3 4F T 440
1460 CHJ . Hrp 450 'C, 90 min+ 485 C, 40 min
ML F L 120 C, 24 h I3 B L B A8 1 e B
4, Hoa . g fl 8431k 2] 648. 4 MPa . 629. 6
MPa HI 11. 9% . M IFEAS SEH0E 40 Ab BRI 45 2R (3R 3)
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Table 2 Influence of two-stage solution on mechanical properties of 7A55 alloy

Experiment | MPETALUTe Time Temperature Time o,/ @.2/ §

(A)/ C (B)/min (C)/ C (D)/min MPa MPa %
S1 440 120 470 40 635.2 593.7 11.4
) 440 90 480 30 629.9 598.2 10.5
s3 440 60 485 20 634. 6 609. 4 9.0
s4 450 120 480 20 632.3 605. 8 10.7
S5 450 90 485 40 648. 4 629. 6 11.9
S6 450 60 470 30 635.0 608.3 12.0
S7 460 120 485 30 582.2 578.4 8.0
S8 460 90 470 20 642. 4 602.9 12. 1
S9 460 60 480 40 630. 0 597.5 9.5
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1 440 C, 60 min; 450 C, 60 min; 460 ‘C, 60 min A1 S3, S5, S7 BG4 T6(120 C, 24 h) iR 1) 4 AHZH 2L
Fig. 1 Optical micrographs of specimens aged at 120 C for 24 h after solution treatment at
440 C, 60 min(a); S3(b); 450 'C, 60 min(c); S5(d); 460 C, 60 min(e) and S7(f)
(S3—440 C, 60 min+ 485 C, 20 min; S5—450 C, 90 min+ 485 C, 40 min; S7 —460 C, 120 min+ 485 ‘C, 30 min)

T3 KEENES SRR
Table 3 Effect of factors on

mechanical properties of studied alloy

Factor Intuitionistic analysis Significant factor
0 A2B>CiDy B2D;
.2 A2B2C3D1 A2B2
5 A2B2CiDy CiA2
Integration A2B2C3Di AB

AIG, PRIER AB(— 2 ]l B R0 ) 1) o) 45 4 M
PR B2, HL2R A EUW A M5 i d5 4 1 [ 3%
KPR K 450 C, 90 min+ 485 C, 40 min .

[ AL BEET J5 7TAS5 A4 SEM 5 F1AH M fig
TN HTEE B A 2 FK 4 Fios . SEM ML
REDE AT 45 R IH: e 2(a) A b) (E T H)
FELEPIFI RS IAR, AR o — 26 4) A AH A A5 5L )
I3, XA F N AlZnM gCu A K& Fe . Si f
ARJTUAH; — S A /)N 1) A LA Jk R R VA A ik AR AT
) A1ZnM gCu . 7 x x x B34 4 [l 5 Ab 216 H 19
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B2 [HWARHETE 7A55 &4 1 SEM %

Fig.2 SEM images of 7A55 alloy after and before solution treatment
(a) , (B) —As-received; (o) —450 'C, 60 min+ 470 T, 0 mim; (d) —450 €, 90 nrins 485 C, 40 min

&4 A EDX SHHTAE R
Table 4 EDX analysis of second phase

particles (mass fraction, %)

Number  Zn Cu Mg Fe Si Al
a 29.5 250 14.5 0.5  30.4
b 3.1 320 57 140 61.1
c 6.4 2.5 10.7 26.8  53.6
d 479 1.2 6.8 43.9
e 3.7 360 19.1 0.4 40.7
f 25.4 232 12.5 0.5 35.4
g 30.4 5.7 119 52.7
h 7.1 2.5 13.7 352 47.4
i 29 300 151 0.4 45.2
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(d) o o B 1(d) (S5) o i H &5 i B 2 d /D 1A,
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Kl 3 fili7n kg 450 C, 90 min+ 485 C, 40 min )&
2120 'C, 24 h &A1 460 °'C, 120 min+ 485 C,
30 min J5 £ 120 °C, 24 h 5 2k #kb B S FE 5 10
TEM % . f1E 3 o] FHH, S5 FEwW)E&H %214

TERIE AL (B 3(a)); ST FEWINSE & #45 /H
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1N R ETF=EZE A28 3 AN 1Y AN P4 N 1 1 e 4 T B
IR P4 e T AR BF IR . &5 63k 2 19 ) 2 Pk Re
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Bl 4 Jis AR S I B T A i s 3 .
Kl 4 Al & H, 4 S5(450 C, 90 min+ 485 C, 40
min) AP 5 A 4 B S R BN T4 S6(450 C,
60 min+ 470 ‘C, 30 min) AH 5 &4/ . WH L
450 ‘C, 90 min+ 485 ‘C, 40 min Nk HLZ 450 C,
60 min+ 470 ‘C, 30 min I3[ 5 484> .

3 AFIAEB G TASS 54 TEM %
Fig.3 TEM images of samples after different heat treatments
(a), (¢) —450 C, 90 min+ 485 C, 40 min, 120 C, 24 h aged;
(b), (d) —460 C, 120 min+ 485 C, 30 min, 120 C, 24 h aged



+ 1532 ¢ o [ (0 4 i

2006 £ 9 H

Kl 5 Fion A4 450 'C, 60 min+ 470 C, 30 min
F1450 C, 90 min+ 485 C, 40 min X2k [H % )5 54
120 C, 24 hIN ZCRFE K fr Al HJES . HIE 5 7]
B, TAS5 &AW R e 5 AR TR I R B
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Fig. 4 Conductivity of studied alloy after

different solution treatments

10m KYKY 2500 0O«

5 TRV AR EEH R A AE 120 CI 2% 24 h J5 1)
TAS55 &b DB
Fig.5 Tensile fractographs of studied
7A55 alloy aged at 120 C for 24 h after
different solution treatments
(a) =450 0, 60mins 470 T, 30 mim
(b) —450 ‘C, 90 min+ 485 C, 40 min

90 min+ 485 C, 40 min W HIFIE 2 T 5(a) F
£ 450 C, 60 min+ 470 ‘C, 30 min M%), HIE 5
(b) FHIFNE HAN /NS, 4450 C, 90 min+
485 C, 40 min 2L E A 784>, Mo — A EKAE
T B 2 H 4 i EiR .

R L B A5 AHIFIT FR I B XU [ v
HIEE K 450 C, 90 min+ 485 C, 40 min, AELERL/
BIFF A R R T, 7 AR A v PR O iR i T
A5 I sk A2 BE A8 3RAF L 8 v AT HH SRAL Y

3 4t

1) 75 TA55 BBESBM R EHEE, 5 — g
TS SR AR 2 Re ) BRI 3R . 7E 450 C
AT S — I RS R AR T R I R &2,
TRART 4 IR EN ), B iR SR A T
IR A o R RN B[R] B, AR AR ) B
G, NI AE RS 0 B 0k F2 A 7 28 5 g BT H 5
RN

2) SRR BEAE 450 CI A AR BOK 1 [H]
R, HE MRS, UG — g s Wi R
450 C.

3) TAS5 5 A MR [ B A R ] 5 7l B Ry
450 C, 90 min+ 485 ‘C, 40 min . 1% W 2% [ %5
J 120 C, 24 h W5, JLE A Iy ek 2
T 0= 648.4 MPa, ®.= 629.6 MPa fll 6= 11.9% .

REFERENCES

[1] W, TSR, EE AR, S RS SR
PUR Bk e [J]. rheE Tolk K% %4k, 2002, 33
(6): 592 ~596.

ZENG Yu, YIN Zhrmin, PAN Qing-lin, et al. Pres-
ent research and developing trends of ultra high
strength aluminum alloys[ J]. Journal of Central South
U niversity( Natural Science), 2002, 33(6): 592 = 596.

[2] Lo, HyE mtkREpl = a e WM BN sI&
WEE[T]. WA B4 )E, 2001(7): 34~ 38.

LI Hong-yin, ZHEN Zrqiao. Research on developing
high properties aluminum alloy[ J]. Hunan Nonferrous
Metals, 2001(7): 34~ 38.

[3]1  WEIRES. 5w < B ORI 18] /Y 22 PR3 AH S A
[J]. HHEAAEEHR, 1999, 9(1): 79~ 86.
ZENG Su-min. Disciplines of multiple factors affecting
solution treating of aluminum alloy[ J]. The Chinese

Journal of Nonferrous Metals, 1999, 9(1): 79 ~ 86.



916 & 9

HOBTHI, A

KR E A FENT TASS Fa &4l 25 ) 2# Re g

* 1533 -

[4]

[ 10]

Hahn G T, Rosenfield A R. Metallurgical factors
affecting fracture toughness of aluminum alloys|[ J].
Metall Trans A, 1975, A6: 653 ~ 658.

Deshpasde N Q, Gorhale A M, Denzer D K, et al.
Relationship between fracture toughness, fracture path
and microstructure of 7050 aluminum alloy (Part 1 ):
Quantitative characterization [ J]. Metall Trans A,
1998, 29(4): 1191~ 1201.

Morere B, Ehrstrom J C, Gregson P J, et al. Micro-
structural effects on fracture toughness in AA7010
plate[ J]. Metall Trans A, 2000, 21: 2503 ~ 2509.
EVER, R HAl B0 T S O] R AR o
MgCu R AR MERII]. P EAGSEIR,
2004, 14(3): 398 ~404.

WANG Hongbin, LIU Hurmin. Effects of heat
treatment on microstructure and mechanical properties
of ultrahigh strength spray deposited AFZn-MgCu
aluminum alloy[ J]. The Chinese Journal of Nonferrous
Metals, 2004, 14(3): 398 ~404.

Futt, Bt WY AFZnr Mg Cu & @ 1) B4
LA T]. &JEY¥IR, 2004, 40(8): 827 ~ 832.
WANG Hong-bin, HUANG Jirfeng. Microstructure
evolution of ultrahigh strength spray deposited AFZir
Mg Cu alloy[ J]. Acta Metallurgica Sinica, 2004, 40
(8): 827~ 832.

TR, XES, BEHER, & DHREWER TA4 e
LSS PRSI T]. A 48 2, 2004,
14(7): 1211~ 1216.

NING Arlin, LIU Zhryi, ZHENG Qing chun, et al.
Effects of progressive solution treatment on micro-
structure and mechanical properties of 7A04 aluminum
alloy[J]. The Chinese Journal of Nonferrous Metals,
2004, 14(7): 1211~ 1216.

XA FY, x| #, TR 70494 A S EAF T R
SPAEB T ZHERR[T] . BESMIER, 2003,
31(1): 25~ 27.

ZHENG Yarrling, LIU Jing, LI Zrwei. Study about

[ 11]

[ 14]

[16]

T6 temper heat treatment institution of 7049A alu-
minium alloy forgings[J]. Light Alloy Fabrication
Technology, 2003, 31(1): 25~ 27.

TREMK, ¥hEA, bl BEER kR IR
SR[]]. B4/, 2005(6): 34~ 36.

NING Ar lin, JIANG Shou-sheng, PENG Bershan.
Mechanical properties and electrical conductivity of
aluminum alloys[ J]. Light Metals, 2005(6): 34 ~
36.

G, FEY). SEMALLEIM].
HipR AL, 2003: 30~ 46.

LI Songrui, ZHOU Shan-chu.
ment [ M ]. Changsha:
Press, 2003: 30 ~ 46.

Zwickan E C, Freiberg U T. Possibilities for the cal-

Kb gk

Metal Heat Treat-

Central South University

culation for the heat treatment diagrams for industrial
AlZnMg( Cu) alloys[J]. Aluminium, 1999, 75: 90~
96.

DL, BRAEAR. sEALIE % 7075 G S A9
REMIRZ ] J]. 4@ #AAbH, 2000(9): 16 ~20.

LIU Werhong, CHEN Kang-hua. The effect of pro-
motively-solutionizing treatment on the mechanical
properties and structure of 7075 aluminum alloy[ J].
Heat Treatment of Metals, 2000(9): 16~ 20.
Ludtka G M, Laughlin D E. The influence of micro-
structure and strength on the fracture mode and
toughness of 7 X X X series aluminum alloys[ J].
Metall Trans A, 1982, 13(3): 411 ~414.

Robson J D. Predicting recrystallised volume fraction
in aluminum alloy 7050 hot rolled plate[ J]. M aterials
Science and Technology, 2002, 18(6): 607 ~ 619.
Robson J D. Microstructural evolution in aluminum
alloy 7050 during processing[ J]. Mater Sci Eng A,
2004, 382: 112~ 121.

(4wiE L)



