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Effect of pre-ageing temperature and retrogression heating rate on
microstructure and properties of 7055 aluminium alloy
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Abstract: The effect of pre-aging temperature and retrogression heating rate on the mechanical properties and electrical
conductivity of the RRA treated 7055 aluminium alloy were investigated by hardness, electrical conductivity, tensile
properties test, differential scanning calorimetry (DSC) and transmission electron microscope (TEM). The
microstructures under various RRA treated samples were discussed. The results reveal that, near peak aged state, the
pre-aging treatment is more applicable to industrial processing due to the slow retrogression heating rates in 7055
aluminium alloy middle thick plate. After (105 C, 24 h)L/m“> (190 C, 50 min)+(120 °C, 24 h) treating, the 7055

aluminum alloy possess a better combination of both strength and electrical conductivity than those of T6 and T73 state.
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Table 1 Heat treatments technology of 7055 aluminum alloy

SRR 7055 5545 42(7.682n, 2.12Mg, 1.98Cu,
0.12Zr, 0.055Fe, 0.034Si F1H: 4% Al, it 2r %, %) 30
mm MR 3 MBSO RO AL 7 D) 100
mm FERFHIRFE, 76 LTD-RD JTHIYJEL 15 mmX 15
mm X2 mm FRIRFE, IR T (470 'C, 1 h)+
(480 C, 1h)llaba, ZIE K LRI T T R
UNGAR IR 1E 20~70 C (I 250
FIN, Al-Zn-Mg-Cu 41 FZHT R VA& GP X1
TERZAHR,  FCAAR o 5 S I ) 2T HOE KOG R Y
I AL E AE 80~100 ‘CHY, GP X AR 450 ) ) F2.2%
PEMEKSCZR, 10 ' F y AHAE 100~160 C s A A TFEG
TERC. DRI, SEFEAN R TR 50 2 LASRAS AN [l R i
IR o SRS 80 FE S AR R ok 2 W& 1,
SRCAF ] [l ek ] HEL A AR (4 (e U 7 B 28R i i A 7
15k Re B R R AR LA, [IUE B PR I AR AS 43 )
FridA: R-xmin, RRA-xmin, 1 xmin AAZR[AHH]
[H. RRA T 2R WL 1, TEM 4123005 i WL 1
A, B. CHID fH.

7E HV-10B /N fip 44 FCA IR RE A
Bk 29.4 N, INZASIE] 15 s; SKH 7501 i S HAX
THEARFER 3% 7F CSS-44100 R K ML B & o
SR R rERe, W% GB/T228-2002 Frifk, HX
FEJT N L1

Hot treatment Pre-ageing Heating rate Retrogression Re-ageing
HT-65-1 65°C,24h
HT-90-1 90 °C,24h
1 ‘C/min 190 °C, 50 min 120 °C, 24 h
HT-105-1 105°C,24h
HT-120-1 120 'C, 24 h
HT-65-3 65°C,24h
HT-90-3 90 °C,24h
3 ‘C/min 190 °C, 50 min 120 °C, 24 h
HT-105-3 105°C,24h
HT-120-3 120 'C, 24 h
HT-65-100 65°C,24h
HT-90-100 90 °C,24h
100 ‘C/min 190 °C, 50 min 120 °C, 24 h
HT-105-100 105°C,24h
HT-120-100 120 'C, 24 h
T6 120 °C, 24 h
T73 (120 °C, 6 h)H(160 C, 24 h)
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Fig. 1 Schematic diagram of ageing treatment routes for RRA

treatments
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Fig. 2 TEM images of 7055 aluminum alloy after pre-ageing: (a) (65 ‘C, 24 h); (b) (90 °C, 24 h); (¢) (105 °C, 24 h); (d) (120 C,

24 h)
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PR T mr g . Forb, S AT RS RTA AR
SH I 1.94 nm 1 1.7%(65 “C, 24 h)#hn# 4.74
nm Fl 2.6%(120 °C, 24 h).
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Fig. 3 SAED patterns of 7055 aluminum alloy along [001],; from samples pre-aged under different conditions: (a) (65 C, 24 h);

(b) (90 °C, 24 h); (c) (105 C, 24 h); (d) (120 'C, 24 h)
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Fig. 4
measured at different heating rates: (a) 5 C/min; (b) 100

DSC curves of pre-aged 7055 aluminum alloy
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Fig. 5 DSC curves of (65 C, 24 h) pre-aged 7055 aluminium

alloy measured at heating rates of 5 ‘C/min
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Fig. 6 Hardness and electrical conductivity of RRA-50 min 7055 aluminium alloy under different pre-ageing temperatures and

retrogression heating rates: (a) Hardness; (b) Electrical conductivity
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S IEvA LT ER:

Table 2 Tensile properties of RRA-50 min 7055 aluminium alloy under different pre-aging temperatures and retrogression heating

rates
Condition o/MPa 09,/MPa 0/%
120 °C, 24 h 651.6 5833 16.8
(120 'C, 6 h)H(160 C, 24 h) 557.0 513.0 15.4
(65 °C, 24 h)_3C/min_, (190 °C, 50 min)+(120 °C, 24 h) 587.2 548.4 15.2
(90 °C,24h) —3Cmin (190 °C, 50 min)+(120 °C, 24 h) 5942 557.5 15.8
(105 °C, 24 hy 3C/min_, (190 °C, 50 min)+(120 °C, 24 h) 617.5 585.8 16.1
(120 °C, 24 hy 3C/min_, (190 °C, 50 min)+(120 ‘C, 24 h) 601.3 569.5 16.3
(65 °C, 24 h)1W0C/min_, (190 °C, 50 min)+(120 °‘C, 24 h) 604.7 584.6 14.7
(90 °C, 24 h) 1W0C/min_, (190 °C, 50 min)+(120 °C, 24 h) 613.2 593.2 14.4
(105 °C, 24 h) 100 C/min_, (190 °C, 50 min)+(120 “C, 24 h) 620.2 604.4 13.6
(120 °C, 24 hy 100 C/min_, (190 °C, 50 min)+(120 “C, 24 h) 632.7 616.1 13.2
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Fig. 8 Hardness (a) and electrical conductivity (b) of retrogressed treated 7055 aluminum alloy under quick retrogression heating
rate of 100 ‘C/min

B9 AFEITUN R 7055 456 B 3 °C/min JIFASAF R TEM 4

Fig. 9 TEM images of 7055 aluminum alloy retrogressed at 190 “C for different times under different pre-aged states: (a) R-0 min,
(65 °C, 24 h) pre-aged; (b) R-50 min, (65 C, 24 h) pre-aged; (¢) R-0 min, (105 ‘C, 24 h) pre-aged; (d) R-50 min, (105 °C, 24 h)
pre-aged; (e) R-0 min, (120 “C, 24 h) pre-aged; (f) R-50 min, (120 °C, 24 h) pre-aged



%24 B 5 W T, A TN G R R B A 7055 B A e LSRR RERTE R 1149

JUSF 38 N Is 2 4% o (2 FHRBY B, POt AH ) [l
FIHH A B K R R I R A2 1), 0 A ] PR i AR 26
T A RO A LG B R RS2 B RN R 2R 5
M o

ST (65 °C, 24 h)FI(120 °C, 24 h) TR 4 il B2 >k
Ui, BTSRRI Bl 0y, DR i e
FHEY Bt S HUA R VR GP(ID) RAJER n'
AHELZ g AHAE BT VT35 BT ) — AT o A (BB B
XSGR A T 1) T AR TF LR, AT
BEAR TR ILIE 9(a)s (b)+ (e)FI().

XFF(105 °C, 24 h)FI(120 C, 24 h)FRIFREE 5,
[R5 [T Vo R B by 32 b AT 11 R A sz 8 (O
4(a)F1E 9(c)~ (d))o HIT(105 °C, 24 h) RIS RFE AT
HOAH B R e MERL(120 °C, 24 h) TN RCRE S A, HL
M AR SFN, BRI, (105 °C, 24 hy T 25k S kT
FHIFIFE RO, RALFERE PR, B 2fH145(105 C, 24
h) TS 40RE it 7E R-0 min s PR AAFR 73 25 5 BRI 3,
HATHAH AR AR 9(c)RI(d)). £ PRI
Ji, (105 °C, 24 hy Tk et s i i o (R A R PR
(120 °C, 24 h) TS RS Tl T i A

2 BPT&, (105 °C, 24 h) RO S ECRIE T &
TG R, XA O AR T R Ak S il 7%
PR RREE o DRI, TR TN AR R, FE A ANE
T AV 0 FA T IS 20 1) 7 27 1 B RS Tl v R DG I B

.

it

FN

1) fEPRENASAT T, 7055 51454 RRA M4
Sk e R TIUN OR B2 R nfi 4 e 7E 1~3 °C/min (1)
B MHTHEAME T, 7055 #5454 RRA & 1241k
RE B TS Z50R BE (R G IS i Jm 9, (105 °C, 24 h)
()TN 25500 i 22 (] U P I 25 A 38 I 0 2 P R e i o

2) 7055 ff5 4 RRA & HL S 23 ORI [H] U n 4
MR, AR R AR R ) BT o AH (R [
PRUL IS RI 5 AT, PE 0k B U 0 A it 1 H B e T o vy
TR S o

3) £:(105 C, 24 h)—Mi" 5 (190 °C, 50 min)+
(120 °C, 24 h)F) = AL 5, 7055 B &b
SRIE . JERERSE R T 535000k 617.5 MPa.
585.8 MPa. 16.1%#138.2%(IACS). T 7055 #3454
SRR [T B R R, e ml P %
TS AR ORUE 53 JE AN HL 28 (9[RS, SE3&E FH T 7055 405
G R Tk AL = b B

REFERENCES

[1] PARK J K, ARDELL A J. Effect of retrogression and reaging

of  Al-7075-T65[J].
Metallurgical Transactions A, 1984, 15: 1531-1539.

[2] SRIVATSAN T S, SRIRAM S, VEERARAGHAVAN D,
VASUDEVAN V K. Microstructure, tensile deformation and

treatments on the microstructure

fracture behaviour of aluminium alloy 7055[J]. Journal of
Materials Science, 1997, 32(11): 2883—-2894.

[3] XIAOYP,PANQL,LIWB,LIUXY, HE Y B. Influence of
retrogression and re-aging treatment on corrosion behaviour of
an Al-Zn-Mg-Cu alloy[J]. Materials and Design. 2011, 32(4):
2149-2156.

[4] MARLAD T, DESCHAMPS A, BLEY F, LEFEBVRE W,
BAROUX B. Evolution of precipitate microstructures during the
retrogression and re-ageing heat treatment of an Al-Zn-Mg-Cu
alloy[J]. Acta Materialia, 2010, 58(14): 4814-4826.

[S] OLIVEIRA Jr A F, BARROS de M C, CARDOSO K R,
TRAVESSA D N. The effect of RRA on the strength and SCC
resistance on AA7050 and AA7150 aluminium alloys[J].
Materials Science and Engineering A, 2004, 379(1/2): 321-326.

[6] CINA B. Reducing the susceptibility of alloys, particularly
aluminium alloys, to stress corrosion cracking. U S Patent:
3856584[P]. 1974-12-24.

[77 TALIANKER M, CINA B. Retrogression and reaging and the
role of dislocations in the stress corrosion of 7000-type
aluminum alloy[J]. Metallurgical Transactions A, 1989, 20(10):
2087-2092.

[8] WANG F, XIONG BQ, ZHANG Y A, ZHUB H, LIU H W, HE
X Q. Effect of heat treatment on the microstructure and
mechanical properties of the spray-deposited Al-10.8Zn-2.8Mg-
1.9Cu alloy[J]. Materials Science and Engineering A, 2008,
486(1/2): 648—652.

[91 LIJF, BIRBILIS N, LI C X, JIA Z Q, CAI B, ZHANG Z Q.
Influence of retrogression temperature and time on the
mechanical properties and exfoliation corrosion behavior of
aluminium alloy AA7150[J]. Materials characterization. 2009,
60(11): 1334—-1341.

[10] PARKJ K, ARDELL A J. Microchemical analysis of precipitate
free zones in 7075-Al in the T6, T7 and RRA tempers[J]. Acta
Metallurgica et Materialia, 1991, 39(4): 591-598.

[11] NICOLAS M, DESCHAMPS A. Characterisation and modeling
of precipitate evolution in an Al-Zn-Mg alloy during
non-isothermal heat treatments[J]. Acta Materialia, 2003, 51(2):
6077-6094.

[12] XU D K, BIRBILIS N, ROMETSCH P A. The effect of
pre-ageing temperature and retrogression heating rate on the
strength and corrosion behaviour of AA7150[J]. Corrosion

Science, 2012, 54: 17-25.



1150

A G EE R

2014 £ 5 H

[13]

[14]

[15]

[16]

[17]

LI G F, ZHANG X M, LI P H, YOU J H. Effects of
rate on microstructures, mechanical
properties alloy 7050[J].
Nonferrous Metals Society of China, 2010, 20(6): 935-941.

UNGAR T, LENDVAI J, KOVACS I, GROMA G,

KOVACS-CSETEENYI E. The decomposition of the solid

retrogression  heating

of aluminum Transactions of

solution state in the temperature range 20-200 C in an
Al-Zn-Mg alloy[J]. Journal of Materials Science, 1979, 14:
671-679.

ENGDAHL T, HANSEN V, WARREN P J, STILLER K.
Investigation of fine scale precipitates in Al-Zn-Mg alloys after
various heat treatments[J]. Materials Science and Engineering A,
2002, 327(1): 59—-64.

STILLER K, WARREN P J, HANSEN V, ANGENETE J,
GJONNES J. Investigation of precipitation in an Al-Zn-Mg alloy
after two-step ageing treatment at 100 and 150 °C[J]. Materials
Science and Engineering A, 1999, 270(1): 56—63.

SHA G, GEREZO A. Early-stage precipitation in Al-Zn-Mg-Cu
alloy (7050)[J]. Materials Science and Engineering A, 2004,

(18]

[19]

[21]

52(15): 4503—4516.
KANNO M, ARAKI I, CUI Q. Precipitation behaviour of 7000
alloys during retrogression and reaging[J]. Materials Science and
Technology, 1994, 10(7): 599-603.

VIANA F, PINTO A M P, SANTOS H M C, LOPES A B.
Retrogression and

re-ageing of 7075 aluminium alloy:

microstructural  characterization[J]. Journal of Materials
Processing Technology, 1999, 92/93: 54-59.

BUHAA J, LUMLEY R N, GROSKY A G. Secondary ageing in
an aluminium alloy 7050[J]. Materials Science and Engineering
A, 2008,292(1/2): 1-10.

W, FKE, URERE, BRORL TRON Rk A nl U A
HXP 7150 B WAL LU ERERE R T]. hE A AR
2E4R, 2013, 23(5): 1174-1181.

FENG Di, ZHANG Xin-ming, LIU Sheng-dan, CHEN Qi. Effect
of pre-aging temperature and retrogression heating rate on
microstructure and properties of 7150 alloy[J]. The Chinese
Journal of Nonferrous Metals, 2013, 23(5): 1174-1181.

(%RiE  ZFiR4D)



