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Abstract

This study investigates the microstructural evolution and mechanical property changes of 7075 alu-
minum alloys subjected to a delayed aging process after solution treatment. The hardness evolution
during natural aging after solution treatment for 0~40 days was systematically analyzed, and a 30-day
natural aging condition was selected as the representative delayed aging state for comparison with the
direct artificial aging condition after solution treatment. The results show that the specimen subjected
to natural aging for 30 days followed by artificial aging exhibits slightly lower tensile and yield strengths,
butimproved ductility compared with the direct artificial aging specimen after solution treatment.
EBSD observations reveal that all three states of 7075 aluminum alloys display a distinct fibrous elon-
gated grain morphology with comparable average grain sizes of 2.92 um, 2.91 um, and 2.99 pm, respec-
tively. KAM analysis indicates that the delayed aging process effectively regulates local strain distribu-
tion and dislocation density; the average KAM value of the specimen with solution treatment and arti-
ficial aging after natural aging for 30 days (0.69) lies between that of the solution-treated state (0.59)
and the directly aged state (0.76). Combined with dislocation density calculations (1.03 x 1015, 1.21 x
1015, and 1.33 x 1015 m-2), it is inferred that atomic clustering and the formation of initial GP zones dur-
ing natural aging influence the precipitation behavior of the MgZn, phase. Overall, the results demon-
strate that delayed aging significantly affects the microstructural evolution and precipitation behavior
of the alloy, providing theoretical guidance for optimizing the heat treatment process of high-strength
aluminum alloys.
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Al-Zn-Mg-Cu B E5RERA S M THMFIEREMERL, TZNHATREMA. EHEMPUER M
AR 1] [2]. FHIp2EERRMIILAL, HOBT & & R RS AT AR GP X\ g/ HHETEA A KB4 R 1Y
W, BRI RO F B RIHLEI[3]. S BRI EE T 26605 38 R A S RO 2L VR AL 22 1
SR SIE, SCENT AR SE . AR SLE R, BRIR B R A LA SRR E 4],

X 7075 A& T, HARRME N —MEZNEML TR, BRI, nfEk, HE2¥%ERA
WEIC T E RIS RO A S 4L4URI 28 BE RIS Liu 28 N [STF 70K B, 16 FEI R0 mir s n 5 SRS 25, mTeA
[F IS 42 1 4 ) AR B RN BEE o ZRRIE[6]%) 7055 & AEAN A H AR R (8] T A& 121°C/24 h N LR RUS )
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M-S B FETT . Waterloo S5 [7IWFFUR DL, FEN TN RGHT 51N BRI AL, AT LR 2 b FiAs e &
B R R B BNESE N [8]X TA04 B A B RIBTFLR B, AT XT8N 5 S8 20T AL A 7A04
B ERAERE, R AT A RRST BEINgn A AN 5), SRR S 7TA04 Fa 5 G E MR A0S
R IR IR L Ao AR S F A R RE, ORISR M2k . SOTESE N[O TR,
RSEIRI R T, A< AONT B R oT Ao Rz, dEmseBl /A R Re it . 78 7075 &6 a fwt
FEHT, Ma ZEA[101F TER B, BEA AR RO B E K, 7075 45 <At o Ao B2 A 568 B2 140 4 25 4
e, SBVERE AT TR, Al-Zn-Mg-Cu & gl i T IR EE & g, I RO R A BRSO MT H A DR EL A o7 A 2 2l
MR, REREIEORRIE . b A RSB B 2R IR KR 58 A AR IR (U0 GP X)), (248 3 Ed I D) FIL
7 AT A T2 AT AR R R i S N AR IS 37 s0R AR 0 Orowan SERIHLAI[11]. AHSCHT AT
R, Zm A RTIEE 208 2 nm [12]. @5 Zou 5 N [13] [14] R G H7 1 EVESRIL . &SRk,
Rt oAl ST H 9B AE Al-Zn-Mg-Cu & <50 B P (AR XS Tk, WA o A SR 48 S5 M 73R iy ot P P AR
SR, IX W F0 2 JEAR T hm it N I 250 B2, T oxek FE rh a7 1 AR I R8T R N LI 80X — 38R
IR AR RTE R D . R, 6 T IE IR I RO R T B TR A LS R IR AL S AT R B ) A
AT PP [ 5 25 F7 22V RE 5B Z 5 R HLAR SR AL E E W

AHEFECL I 7 5 AR R 30 KA I AU IE RN R T ZONRT SR R, R G005 3 e B
T RAE B Ak R TN 22 5 o I L AR PEREIILA. (L B 0 b Kb tR AR RSE et
BE— B3 T Taylor fLHE SRR K Kocks AT HH 5 AL X 7 Fofr FA Kb BB A0 1) 988 P DR BEAT "€ B0 #T,
e e B eI RO B R S AU SR O T T AR B R IE A T 2R =

2. SEBEAH AT A

AT SEIGH RN 7075 856 S5 RN, BN 35mm, HALERAFIFEL | o A SCHFFCEE
Ji SEIR I RO R e J12A R RE RS, D BETE 1 2 A T 22k, —FhAE 475 CIEYE 75 min Ji5 BLEELE
120°CH R 24 h, —FPfE 475°CIEVE 75 min JG15HT 30 KIS FHAE 120°CH R 24 h, HHAGE T ZK 1 Ais.

Table 1. Chemical compositions of 7075 aluminum alloy extruded bars (mass fraction)

* 1.7075 BEEHERMBUERS (REDH)

G4 Si Fe Cu Mn Mg Zn Ti Cr Al
7075 0.04 0.17 1.76 0.04 2.28 5.28 0.05 0.21 Bal.
JE
(475°C/75min)
i 2 i 2
(120°C/24h) (120°C/24h)
K
K#& K&
EEDE

Figure 1. Schematic diagram of heat treatment process
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Figure 2. Dimension diagram of tensile specimen for the 7075 aluminum alloy
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3.1. 7075 RE N EE S hE ke

Kl 3 5 7075 B a E ORI AU BL(0~30 d)pItEfb iz . AIE 3 ATLLE H, & 7E A A 5 ) aa
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TR SR T 22 137.5 HY, RIS ETEFE T(FEN Zn, Mg Co)JHIaT BUTF K UK & 515 1 14175
(B GP X), XHhiffizsah =tk BEATHAEH . Bl I 80 (] 1) — B2 8K (96 h), BERETRIE EFH=E 1375
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Figure 3. Hardening curve of 7075 aluminum alloy during the natural aging stage

& 3. 7075 26 & B AR R A RE (L 2%

DOI: 10.12677/ms.2025.1512237 2229 PR R


https://doi.org/10.12677/ms.2025.1512237

WK &

4 IE 5 B N T 205 %5 E AR 2L 30 h FEHEAT N T RORE S B0 N AR 2. 7 2
F RORAS BB AR e a5 SRR, 7075 A4S A AN T 2 )5, HItreRn =
5o B EEAHESE, 7075 A E4 120°C/24 h PN TR AL, HPrhisRfEiAE 681.0 MPa, Ji& 5@
9 619.0 MPa, JEfHZ4 10.43%. SULAHLL, 2008 FARRT 2% 30 K5 FHEAT 120°C/24 h N LB 20 FE
HPUHisafE AN 668.0 MPa, JiHR5EE N 604.1 MPa, ZEMHZFEN 11.76%. X—45REKMH, BHIREIRI R 30
KI5 FFHEAT N A 255 B b AE 704 580 B A e AR P A BT R %, (HSE R4S 3 T 4. R 1 SRR 2K 30
d X P BOG BT H SRR B T B SR AE

Table 2. Tensile properties of 7075 aluminum alloy under two aging processes

® 2.7075 SRE MM T Zh Rt aE

MR B hi 98 JE /MPa J& IR 5% /M Pa HiE 1 % /%
H SR 2% 30 d + 120°C/24 h 668.0 604.1 11.76
120°C/24 h 681.0 619.0 10.43
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Figure 4. Stress-strain curves of 7075 aluminum alloy under two aging processes
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3.2. WIMLBLART 7075 REE N FMEERNFNT

MIE S HETLAE H, 7075 A S F A A7 AR K& A U 26 AR T 2 RIS B5 1R 7 1) 70 A
7075 #5Er 4H IRRL R SR AR L Al,CuoFe AHNEE . 3 H R AT A 0BT 7075 BR s &5 HE pe bt 2 ik
K S MR 5. 45 RRW, BASE 4. B + ARNR30 K + AT RO E R G B %
N T AR 3 —AHERSF20508 4.80 pm. 4.95 pm AT 4.86 pum, [HAE 2514 0.82%. 0.89%F!
0.85%. XFEL=41E %0, RERFEN K TEX 7075 #8640 2 ERe T fe = AR e, (HXT 3R il
KPR 50 E RN, =FEHE ELTFEER.

K 6 N 7075 #88 EFIRI R T 20RE 0 TEM ElE . 15 6(a)~ B 6(b) 3 A%t B F 4RI 2% 30 KA
TR0 [ S B N TR R S BbT AR RO TS . I Imaged BUME B8 xE TEM BUZ T
FRIRARRAT G A . S5 REIR,  FARRT AL 30 K FF N A 0B b A4 H AR 1P 3 RS9 4.5 nm, 17 [
oI5 BB N I OB S AT A AP RSN, N 3.7 nm, REAAEE SR .
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Figure 5. SEM images of 7075 aluminum alloy after solution treatment and under different aging
treatments: (a) Solution-treated state; (b) Solution treatment and artificial aging after natural aging
for 30 days; (c) Direct artificial aging after solution treatment

Bl 5.7075 s A B E R A ERSAEER SEM Bi%: () BIAT; (b) EiRE B R
30 RIEBALRE; (o) BIAREEALRZ

7075 e IO AR AL 2 BT R A TR SR AT AN AR (Mg Zino) X (2 8818 Sl I BELAS
Pt AR 5 ARIRES B M & e A Re . Si e gt Bl rl R, 22 5 ORI AL 30 RIAb B Jm F AT
NI FEa AT AT B RS BOR, X —BLR AT REZ (1T B SR I R B C ) S 34T AR (- GP
DOFE R EE N T RO rh it — P KK, B A A R BLAS RE U iRss, SECLRER T EE A B
TR 7075 fad . SULEIMT, BORIIMT HAR RIS X AL A AT SLAN,  JEIMT3RTY 1 7075 a6 &M
IEVEARTERE ), R TAEM . 1X0 7075 40 & S e AR MR R 5 B 10 T2 A4 7 S it 1T AO0LZ T (B i
e

Figure 6. TEM images of 7075 aluminum alloy under different aging treatments: (a) Artificial aging
after natural aging for 30 days; (b) Direct artificial aging after solution treatment
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Figure 7. EBSD images of 7075 aluminum alloy after solution treatment and under different aging treatments: (a) Solution-
treated state; (b) Solution treatment and artificial aging after natural aging for 30 days; (c) Direct artificial aging after solution

treatment
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Figure 8. Grain diameter and KAM images of 7075 aluminum alloy after solution treatment and under different aging treat-
ments: (a) (c) Solution-treated state; (b) (d) Solution treatment and artificial aging after natural aging for 30 days; (c) (e) Direct

artificial aging after solution treatment
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H AR 2% 30 R F N A 280RE i 0T 35 KAM {E 36 %5 0.69, 1M [ 5 B4 N 1B 280RE il 17 38 KAM {32t
— DI A 0.76. KAM ME I FTFR 05 5 N B i 230K, RSN KT sy, O 78 B RO AR A7
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B30 RKFFN TE RSN 1.21 x 105 m™2, 1[G BN T 80RE A S 1.33 x 105 m 2. A48 % B 1
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04= aMGbp'? (1)
Her, o AJUEFE(EL 0.3), M A Taylor [T (M=2), G ABIVIFLE26GPa), b A{HKE(0.286 nm),
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&, AR L, B Kocks Ziit i REiHSHA Hogtk 6, [11][12]:
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RIS O M AR N o 454 EBSDY KAM SIS % B o0 el ST 401, 19 I B 8 N I 28k
i B BRI KAM EAALE R, B Rm R fE: 4 AR R 30 KRG AN LR FE & KAM
EANALES 2 ERR [V J5 B N TR0, EARFFR R SR B [F B, R AP B . X R, & 41
SR 2P ST I R R 5 A e R 2 ] [ P P 4

4. g
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