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Effect of aging process on microstructure and properties of 7A75 aluminum alloy
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Abstract : Effect of different aging processes on microstructure, mechanical properties, conductivity and exfoliation corrosion resistance of

YE Ling-ying’

7A75 aluminum alloy was studied by means of optical microscope, transmission electron microscopy, tensile test at room temperature and
electrical conductivity test. The results show that the conductivity of the alloy after two-stage+reaging and non-isothermal aging treatment
can be increased from 36.9 %IACS of T73 to 39. 8 %IACS and 39. 4 %IACS, and the maximum exfoliation corrosion depth of the sample
center can be reduced from 723 pm of T73 to 620 wm and 555 pm. This is mainly because the cooling process of two-stage+reaging and
non-isothermal aging treatment can promote the precipitation of fine dispersed phase, which makes the area fraction of precipitation phase
in the crystal of two-stage+reaging and non-isothermal aging have higher than that of T73 aging. At the same time, the content of Cu in the
grain boundary precipitates is increased, the size is increased and the distribution is more discrete, which reduces the exfoliation corrosion
sensitivity of the alloy.

Keywords:7A75 aluminum alloy; aging process; microstructure; mechanical property; exfoliation corrosion
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Y EARKE S — R, A 4% 173 i
AT 304 33 AT A R 1 L T R RS B 1 8 ol 1
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Table 1 Chemical composition of the 7A75 aluminum

alloy ( mass fraction, %)
Zn Mg Cu Mn Cr Ni Ti Fe Si Al
5.82 2.63 1.68 0.02 0.20 0.01 0.02 0.16 0.06 Bal.

FES o AR ol P ] — 3 DU DR i i
FERTHDEI AL, H5RCR A Fischer SMP 350
AU oA, B I AE HVS-1000S 7 & fhef B 3
AT, AR AT 300 g, IR ER 15 s, HL G

R2 HAIZRSH

Table 2 Aging process and parameters

Aging treatment Aging treatment parameter

T6 120 Cx24 h

T73 120 Cx5 h+177 Cx8 h

120 C x5 h+177 Cx24 h+120 Cx24 h
120 C x5 h+200 °C x4 h+120 Cx24 h

120 °C x5 h+200 C x4 h+(200 C—100 C ,
V=20 °C/h)

Two-stage + re-aging

Regression re-aging

Non-isothermal aging

Rl B A0 6 5 SRR S O 0, = TR AR
HKJE N 50 mm, HAH 10 mm, 7£ DDL100 % # 7
TR AL b AT L5, PR E B 2 mm/min, B
3APATAE A B A A a5 25 2R K il
(EXCO, Exfoliation corrosion ) ik ¥ £5 7 1] 1 FF
BPERIE R TAEmE , )T 30 mmx 14 mm, F TAEH
FHZE B, AR AT MG K kTR,
A 4.0 mol/L NaCl + 0.5 mol/L. KNO, +0.1 mol/L
HNO, M AT iR, AR S iR T
YEHETE AR LA 19 mL/em?® | SRS E] S 48 h, 0
Ji& i 55 2% 1) VY 2 % IR E B GB/'T 22639—2008 ( 5 &
ST i (0 3 9 R oIy k) AT . SRR I Y
JE 77 1) OB RE ] 4 e AHAE i, >R FH DM2700M 2451
R MRS . 75T F R (TEM) 3200
FJEE R 80 wm, WK 63 mm B F, 7 RL-2 B 0UEE
P A RS A A T R b A 3L | B IR BE A - 30 °C 22
A, TAER RSy 20 V., & &S0 M Z 1 FEL-
TecnaiG2 20 #i& it i 45 b 347, IF I BC 45 A9 R 34X
(EDS) AT B 04T, I L 200 kV

2 HEREpH
2.1 HERMAFEHEEE

%3 WA SRR T 23U 35 1 G R A
J12EVERE . T6 A HAT i i A B ATy 5 B 430l
IAF] 191.9 HVO0.3 Fil 663.5 MPa, {H H, 5 KALAH
29.0 %IACS, B 4% T73 b5, S % g % ik
=, M 29.0 %IACS L7t 36.9 %IACS, [R] B 4L
5 JEFRACE] 607.7 MPa, A CZEME AMS 2770H 45
YE R RILE By T73 4b PRS- Sk 5t fa] R ), i 1o 4T
K TGRS IA] SR B 120 °C x5 h+177 °C x24 h WK
IR b B T4 35 HEAT 120 °C %24 h A FEEIF R 3 &
PR SR E 2 39. 8 %IACS, MK 3 WM, 54
22 0] 5 P RO P H S R AR T 2 38,9 %IACS, L
X%+ P 5 b AT 0.9 % TACS, T Bg 2 15 J3F 2% )
AR R R AT T B TAE BT [R1E A 25, 2R X
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Table 3 Conductivity and mechanical properties of the alloy aged by different processes

Aging treatments Hardness/HVO0. 3

Conductivity/ %1ACS

Tensile strength/MPa Yield strength/MPa Elongation/ %

T6 29.0+0. 1 191.9+1.5
T73 36.9+0. 1 170.4+1.2
Two-stage + re-aging 39.8+0.1 154. 6+1.2
Regression re-aging 38.9+0.1 154.8+3. 1
Non-isothermal aging 39.4+0. 1 155.9+2.6

663.5+1.6 620. 6x1.2 11.7+0.4
607.7+4. 4 567.2+5.2 12.5+0. 4
518.8+1. 1 450.3+3.6 13.9+0.2
520.7+2. 1 454.6x1.7 13.2+0.6
523.3+1.6 456.3+2.3 13.5+0. 1

2.2 TEM AHZH

Bl 1k TA75 43 A 4 4 T6 Il T73 B Ak 35
¥ TEM B] 3 &, T6 & 19 & W A ( Matrix
precipitates, MP) £ % & n' 1, & A # ( Grain
boundary precipitates, GBP) % m 1, £ T73 &b
PS5 A0 A N AR E 2o D o AR S n A, 5

T EE N o M, WE 1(a) ~1(d) iR, TATS 48
G2 T73 A B JE & FEAH TEOR HL ) B0 58, AH 71
RSFH 53,9 nm, JCULTE BT 5 #7 ( PFZ, Precipitate
free zone) Ti FE 297 50. 8 nm. W AHEB R SF i
T6 2 19 5.3 nm 3 M %] 10.3 nm, & B4 5 th
68.2% T FEF 37. 8%,

B 1 7A75 5842 T6 M T73 BHELab ¥ 5 1% TEM B 3714
(a) T6-f#; (b) T6-FhN; (¢) T73-Fhdt; (d) T73-fN

Fig. 1

TEM bright field images of the 7A75 aluminum alloy aged by T6 and T73 processes

(a) T6-grain boundary; (b) T6-in grain; (c¢) T73-grain boundary; (d) T73-in grain

Kl 2 i TAT5 585 4 2 W+ AR 1m0 05 e
RO SRR SO TR TEM BI351%, 3% 4 450 1 %t
Frif RS E RGBSR XTI 1(c) (1(d) A
P 2(a) 2(b) AR, A 4 2 AU + PR R0 ALk B4 1 i AL

FHASE T73 B 254 3RE R HL TR N 58 , A0 P39 RS2 K
106. 0 nm,PFZ SEE 20 77. 1 nm, b AR R SF
1 10. 3 nm 3EH1E] 20. 3 nm, 5045 FEHUE  ARFLEL
i 37. 8% M F] 59. 1%, Liao %" Xf Al-Zn-Mg-Cu
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RLAL ATt TRl AsE, 2% 3] 7 AT H A A ) it e
B I i % B B A0 /N BT AR, DTG S BOBT S AR Y
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AR 0 e [R]AE HT A2 RST 258 21,7 nm, [
[ 51 - 255 Ak B B4 A T 4 K TRD A R 43 Rt 42
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Fig.2 TEM bright field images of the 7A75 aluminum alloy aged by two-stage + re-aging, regression re-aging and non-isothermal

aging processes

(a) two-stage+re-aging-grain boundary; (b) two-stage+re-aging-in grain; (c) regression re-aging-grain boundary;

(d) regression re-aging-in grain; (e) non-isothermal aging-grain boundary; (f) non-isothermal aging-in grain

%4 GBP.MP # PFZ R~ AR ER S
Table 4 Size and area fraction of GBP, MP and PFZ

Aging treatment dgp/nm Wppz/nm dyp/nm Sup/ % Sopp/ %
T6 39.0+12.3 43.9+6.8 5.3+2.6 68.2+6.2 40.2+5.5
T73 53.9+16.5 50. 8+6. 8 10.3+3.4 37.8+8.2 24.7+6.9
Two-stage + re-aging 106. 0+5. 6 77.1£9.2 20.3+3.9 59.1+11.3 29.5+5.8
Regression re-aging 103.9+13.5 106.5+3.6 18.5+5.4 55.3+16.2 41.3+£12.3
Non-isothermal aging 105.5+15. 8 78.3+4.4 21.7+2.6 60. 1+£13.2 28.5+8.9

T6 . T73 KL L + Pk %4 1] U= Pt 2 A A 45 ik Bt
S PR RS FA T Zn Mg A1 Cu 434 5 DL an &l 3
Fs . XFEERE B9 PFZ Al PR 254 T 26 3 4 0 7 HD Rk

SN I 3 B I B T T A R
T6 511, Cu 45 h B 1 BEAT T, Zn 1 Mg 069 5 57
BB, 44 T73 AR, OV
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JE R U R BT, Zn 76 & SR I DR BT 5Ok B
FHEE T T73 , A+ I 2504 B 5 4 1 195 Jo vk 3 ik
AkgEya N, R & B Cu F Mg & R ER R, 1
(1A P s 25 5 00 48 + 5 Bsf 90 Ak B AT B, 90 I AR B
i, Mg A1 Cu W& BG5S T73 BFRLAL BEAH 2248 K
fHE Zn W& BRI, AR 55 IR I 2L BRA 4 PFZ
VA TR FE AR HE T AL B Zn Mg Al Cu 7E A
FHH AR BT RR B e Al 3 Rl sk b B AR AS £ | DR
XU FEAEMNA R R4 T &4, SCHk[ 18] F

FERIITE 190 C—100 C PRI RS REH, & A H
(1) Cu & WA 224k (BT RFFAEBARAK -, A i AH
FA R Zn A Mg, 3R ) 25 5 0T B0 AR
a5 RO PFZ 2 1] 1 JE fh H A A A 2
S AR A [RIAH 22 [ LA (9% B, I PR 0 o e 7 ot
TR, Eid EDS 345 0 k24 a4 4 RS T
Fsh, mFES ATH,T6 SR Cu FERIE, N
1.24 at% ,4 Fpd B RCALFR ) Cu =43 500 1,36,
2.24 1.79 F1 1. 49 at%.

3 Zn Mg Fl Cu 7£ GBP )4t il
(a) T6; (b) T73; (e) BH+FRE; (d) FUAFREG (o) AL
Fig.3 Distribution of Zn, Mg and Cu in GBP

(a) T6; (b) T73; (c) two-stage+re-aging; (d) regression re-aging; (e) non-isothermal aging

RS5 EEETERPLEEH GBP i HTER
Table 5 Energy spectrum analysis results of GBP of the
alloy after different aging treatments

) Element/at%
Aging treatment
Zn Mg Cu
T6 3.87 1. 68 1.24
T73 6.23 5.45 1.36
Two-stage + re-aging 8.40 6. 05 2.24
Regression re-aging 6.07 4.23 1.79
Non-isothermal aging 5.31 3.89 1.49

2.3 [Eiiikae

4 AR T2 A HUS A& 4 78 EXCO Wi
R A R TIE S, t & 4 AT A, T6 2512 il 36
F148 h 5 BT RV kR R K 7
o H B0 MR AE R 4 2 RIS S, T73 VL

S+ PR A5 R U A50OR A A5 di s Ak Ak B R 1R
1036 Fl1 48 h &, 1R 2R 1T b A R B R B
e ] 0B 255 A B AR O S o e g A R A
i, HOR O T73 WK+ F B 3R Al 55 R I 3% 4k B
R

TR HL A 172 AR AL B T 3R 22 0 5K, XEAR
(7] 250 A PHE AR P S ol S A TP, S5 SR a3k 6 T
7RNo T6 ZSTEIRFEFL A 172 2424043514 ED 2%l
EC 9%, 2 HAl 4 FPOASTR T 2R R 0k e
F 172 2PARRE R S A 345 3 T — e B R 1 ok 3
T73 UL+ T3k [ 1 P 28 R A 45 T sk 304 3L A
IRFELE 172 PR AL B P AE 034 PC R, i A ik
FE U I A RAFAE 22 5, TT3 OB+ P B 5 4k 3
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K4 KR TS HG S 418 EXCO IR HiE A [RIE fa) id 26 m e 5
(a) T6; (b) T73; (c¢) MEL+FMEL; (d) BAFEME (e) AFZIEMEL

Fig. 4  Surface morphology of the alloy aged by different processes after immersion in EXCO solution for different time

(a) T6; (b) T73; (c) two-stage+re-aging; (d) regression re-aging; (e) non-isothermal aging

AR EC, [01)-P I 250 BRARE J Db R B2 I, JEg ol
SFGN ED G, AR SF R RO BEAY U i I o e A
4, EB ¢,

5 g AR T2 85k RS 5 46 R BURTE 34
T6 1A PO B 1l ™ ) By i HE HE R, LR BRI K ™ A=
USIANPIETY S ES N R e S 21 N N S

FE 172 A2 4b th S 80 H LA 1) R VR B4, (HK
FEAF UL R 52 8 R 3 R S (a) TS (b) AT
T4 A E T AL L R B A S TAL , R 27
o TV SR T DB S A PR, B S (e) ~
5(£) K T73 FIALGL+ P RCAL 3 JE B AL, ks 4%
JE P PO AU, 5 (g) A1 S (h) b [R1IE A
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Table 6 Corrosion grade of the alloy aged by different

processes after immersion for 48 h

. Corrosion level in the  Corrosion level at 1/2
Aging treatments

center of the sample radius of the sample

T6 ED EC
T73 EC pPC
Two-stage + re-aging EC pPC
Regression re-aging ED PC
Non-isothermal aging EB PC

RAb BRI B JE A, AT DL IR R R A T
AT AR et HR BT S TA ) ) et 0 4, SRR 43
SEAh A S SRR B E R S i, T S(D) M5 ()
A L Ak Ak BRI B b AR, 5 [0 A R Ok

Lo S AR B A AN [R) T2 I A A B R R I S ol
A R TR BE 4N 7 o, T6 FEIUHE e Fil 1/2
AR A B R KB T TR B2 43 391 2 785 il 555 pum, T73
DB + P Bof 255 A B SR PO AT 172 AR b i e R
JEPRIREE ¥ L T6 A%/, Horp T73 FE 0 rf0s il
1/2 AR A ) Jie KB P R B 4 1) R 723 i 438 pum,
XU+ FH- IS 250RE % 10 5 R et R 82 43 i) o 620 A
220 pm, [EIAFERFRAE 1/2 2420 Ak 5 K8 il i i
L T73 FXLGR + T o] 5w Bl b e, AERAE A o0 1Y
UREER 3G K, 882 wm, Il 45 Yl B 00 Ak B4y R
/N TEIRFE O 172 2RAR A0 B R R IR E 53 531)
k555 F1229 pm,

K5 AR ZRRAE S SRR EMIES  (a) Te-IFEHG; (b) T6-1/2 2425 () T73-iXFE Ly
(d) T73-172 485 (e) W+ FFIIRARRE Ly () WP+ FEI-1/2 F425 () BIAFIR-RRE G
(h) UAFR-1/2 248 (1) ARSFRIEARAE G () ARERMAL-1/2 42
Fig. 5 Exfoliation corrosion morphology of the alloy aged by different processes (a) T6-sample center; (b) T6-1/2 radius;

(¢) T73-sample center; (d) T73-1/2 radius; (e) two stage+re-aging-sample center; (f) two stage+re-aging-1/2 radius;

(g) regression re-aging-sample center; (h) regression aging-1/2 radius; (i) non-isothermal aging-sample

center; (j) non-isothermal aging-1/2 radius
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Table 7 Maximum corrosion depth of the alloy aged

by different processes

Maximum corrosion
depth at 1/2 radius of
the sample/ pm

Maximum corrosion
Aging treatment depth in the center

of the sample/pm

T6 78511 5559

T73 723+10 438+8
Two-stage + re-aging 620+12 220+10
Regression re-aging 882+14 260+11
Non-isothermal aging 555+9 229+7

3 itk
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PR B 7 B 255 BRF TR0 () 38 n 5 A v Cu A9 ¥ 32 B
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