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Fig. 1 Isothermal age—hardening curve of 7B05 alloy at

120 ‘C( I —Under-aged; Il —Peak-aged; [II—Over-aged)
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Fig. 2 Schematic diagram of heat-treatment protocol in this

work
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AP BIFESRA . 1%E 410 SR I AR L3 6 i 2 )
GG TR TSR N T N P S I N s P 28T
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B3 #UEHE Al-Zn-Mg & &5 RIZF ) SEM 14
Fig. 3 SEM images of grain structure in Al-Zn-Mg alloy after heat treatments: (a) Coarse recrystallized grains under low

magnification; (b) Sub-grain structure under high magnification
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Fig. 4 TEM bright-field micrographs ((a), (c), (¢)) and associated (111),, diffraction patterns ((b), (d), (f)) of T4((a), (b)), T6((c),

(d)) and T7((e), (f)) materials (Diffraction spots in open circle and square are related to 7’ and # phases, respectively)
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Fig. 5 Atom probe reconstruction of ENA(a), SNA(b) and
T7(c) samples of 7B05 alloys (Clusters are indicated by 9.0%
Zn+Mg solute isosurface while precipitates by 7.0% Mg solute
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rate curves (b) of 7B05 alloys under different aging conditions
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Fig. 9 Morphologies of tensile fracture of 7B05 alloys under
different aging conditions: (a) As-quenched; (b) SNA; (c) T7
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Fig. 10 Relationships between electrical conductivity, Vickers
hardness and natural aging time of 7B05 alloy
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MR EAEANR, HdO/ do 3] T A7 s a2 B R

M1 AT LRI, KA B E H AR RGES,
7B05 &4 0., FF8: BT IR ARG EAE G/20 Fo A (3%
T2 BTN S 214 8 I BRS B KA A A7 T3 %) o Fl
IINA, BIFERITE R AL — € AR B E U IR AR T
WAL ES AFAEAT Oy, AR AL B A7 i SN R 7 4h,
X AR H AR RORA R, d0/do BEARLRFFA
ARG G TR T BIBRASX TAL e 3h s I &
it 3 AL ] &2 N Ve BURE Y Ee e o = S I =)
WIgGE I CHREAE %, (2 BEE ARG R, L
TR A SR N R, RS AN AT UL A AR R A
KA T SR EL AR K

B, e H XRD s 5 ANEUR AT 4,
K& IE R Williamson-Hall 777 WL 12)% A [F] B4R
TANEIHT HOIRZS (1) & A8 % FE AT I B . AT DU,
FE/NNAET, kI RS A g A % RO g i, 5
FAETBVERIAS LR 4%, Args % B A A,
ANFERE N ARG R TGN A 3 AR s &, A
B FE B IR R AR DR A R FE S, JRAE 13% 0
FIRFBAD, HABFAALE S T IS &4

AL 54T HORH PR A2 B AR R AL 22 St 0 AN [R] I 250K
A TB05 A& EIMA I AT N S B
BARAR R . F R EY], Al-Zn-Mg-(Cu)& 4 i
M “Ond/geid” WL RAE 3~4 nm A2 410, THifE
AT R S RS T, AR X —
FGF, BIRAASTERE, A E 2 LS i 7 g it
HrtH AT ESHE 3 . S N S5 i N RS & 4
Mo EAAAEI R ZE R, (T S EAER
7R —8E, eAR S TR T AT
N MRS EET, EBIERTRGHE, 27
LA B BT ARG, A T 4kELmaTias)), AL
G AT A FRAEAT AR B B N R E AL IR . X
SERT R IR AR, X ENT HURH A T BOBCR IR . 0 3,
FELAS 1 5 S nT AL A a2, 3% B . ) 5 Ak 25 8
(Back-stress strengthening, tHRIFHZN5HEL, Kinematic
strengthening). {H/&, Orowan ¥ —M7E %8V R A%
3%~5% /A fE TR B, AR, e R
RLARAE LT, AR AT A5 AR R A5 5| RS 1 55 ) 5 AL
(Isotropic strengthening) S HUAR T B F 584k BN £ F 1)
INTAEA L AESE, AT FYHIHT HAH ] A Ak R
FEER AT IE NS 18, 1K RN 13 BAAAE AR 5 5 kS
RIS RS RS, I AR K i B KR, A
FITAL B B B KA XML R ZL 348 [l 52 3K
BN 2 T B R 55 N TR RE ), L TE L
RAESGE o TIAE H SR RO s a7 454z 2k T BH
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PRSI AS B A RERE B R L e R /E A . IR i
TR MRS AN 2 SR AL AN R AN, BRI,
FLATGR 0 T A T AR 5 T e P ORI P 28 I
B, HEALE R g . FEAR VA R T AR
X B B R S ] A 5 T HEAT VA .
MIZHEREM KT, BT AN AT DL Rk
SRR, SRR E N A, AR E 2 U
IR AT, AT SEHLALE R A, PR
DL AR LK ok, IO FERE, T3l
PEARTE R I RE AR, SR A B R 2 T AR A A 2R
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WHEEAT T7 SE5eMWMELEEE, HXAZ
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Fig. 11 Strain hardening rate as function of stress increment
for 7B05 alloys with different aging treatments: (a) Definitions

of hardening parameters; (b) Comparison of different materials
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SNA alloys, respectively; (c) Estimated dislocation density
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G4 = MaGb\p (16)

AT RAAE B LN 1.2X10"° m™s, @ T g
WA . s2Br b, fEEARRSES SRR, B
BT St 2 R AR EHE, VR s EEdE
NFERPY e 5 (A B 7, AR AR 5 A 11
] S e T U O OB 1m) T B A R AL AT
W, KA BIAMNZR % (Dynamic strain aging,
AN, Dynamic precipitation) RN, {EA7 4512 AT
Uity B R TR o IX e i TR A RE e X A A
FEINARANETHL S, NG AL s iz sh R /), $2 4t
AT SR ROR . B ORI A TR E R A e e
KA T EEED, B PLC R, X295 R 5 A A
MEAEM, AT BAT 2R Bt T g5 12, 4
B AR R R BN BRI SORN AAAE . BTk, RA
a2t 2 N0, AT B AR S S S AR N )
(R ZEIR AR

Op =0+ 0y +04is + Oy + Oyea (17)

XA oy AdA%EEHE 1A Hall-Petch R85 ¥4k,
TIHR: Oy~ Ogis > Ou Ogq PHNEIESRAL, HI4E
SRAL. IR SRAL LA KBS RAR I R AL DTk T A
SRS RS 5 410 B R E Ay«

Oy =0)+0y + 045 +0g (18)

#ie6N175018), f:

o —0y = Ao+ Aoy + Aoy + 0y, (19)

AR, &R i B AR R ST U
WSV, AReFHEMIRARE, Wik Ao,
N T EFE T, Aoy, NI, (HILE
A TTRR ML/ T K ] SRR (20 40 MPa). 1R
VT H B Aoy, ~ 70 MPa. RBLZERK
TS s AT A BB A I AR I R A TR ) F/MEL
Ogsa = (0p —0y)—Ao — Aoy —Aoy, =110 MPa  (20)

HE A, 7E FARERGEE 7TB0S A4S, o
AR OB SR T AR R A BOR, X R AR
T I o L H 0 T Ak e 0 i B EERUR . ZhAs B
AR R BRI (S AR IR 2 WA, %
BRSO NASTE A & IR E Ty W IRIRE co AT
NI E p, (B IE T B2 p )k 5L, R

O-dsa:f(‘é‘paTapmch) (21)

FEAE N AR R SR SRR, BhAS AR N R
WRCR 2 HEBVEAS TG0, Bl o, HO8E KT &K

2
4 Z5ip

1) Al-Zn-Mg & 4:4:(480 °C, 1 h)[E ¥ K AL HE
J&, FURTBCE (L) 23 °C)2x KA B3 A i R A%
SN TR AR T ORI R BRI T B & 5%,
T e U A il il SN RSP RN I EES A LS
R, BIEK KRS B AR R A 2R EIC R, JF
TEZ) 1000 h JGEEARFRE . BEAE E SR 2L R RE K
BRI 22 o R A T AR, BRI Zn/Mg EE
(RIZHTIE K .

2) Al-Zn-Mg & 4 7E(120 C, 72 h)i 264 T Al ik
FIREREWEAE 117THV, B IR (] 4 2R e, A RE
BRSNS BORE . Te A1 T7 56T
WA LAOAR ' AR o ST AR R, Hr A E
FEART T4 6 & RN BE

3) T4 & Al-Zn-Mg & & IR JERSRE R 213
MPa, $ZilL T6 A& 4 221 MPa, FHEA M5
TEMPERE(Z) 25%). T7 SEERERT To &

B =38 R BEMEARTEAT ACAARTEL, EATHI S 4
BIFE 13% /545 - T4 AP LAY ) 20y 32 B
B, 1M Te Al T7 A& AP E R AW,

4) TEEAHA RIS BT AR AR R, BB AR
FUAAESIAENT AR B R AR, glEs R L .
AR RS R, A4Sl B 20 R IZHT 4 32 54
B, FECESIN TRLRE S PRE N BN A A
X T DAV IR AR 1 B AR S B & &, — 77,
B AT AL T O AR A, Rk b i [ 9 R 7 e
AL R AR, IRE S S MM SR —T
T, SRVEAR TR AR (1 50 25 AR I 240382 R A Rkg n
REIEEh P ), RSN . ZHWEEEERA
B I A S B0 TAE A e .
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Cluster-growth Kinetics, plastic deformation and fracture in
naturally aged Al-Zn-Mg alloy

SHI Kun-kun'?, ZHAO Xiao-long'?, ZHANG Peng'?, KUANG Jie'?,
ZHANG Jin-yu'?, LIU Gang'?, SUN Jun"?

(1. School of Materials Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The clusters growth kinetics and the deformation properties in natural-aged Al-Zn-Mg alloy were investigated
by electrical conductivity, microhardness and tensile tests. Multiple characterization methods including SEM, TEM, APT
and XRD were applied to reveal the microstructure features. The results show that through the natural aging of about
1000 h, the high number density of solute clusters forms in 7B05 alloy and are responsible for the natural aging hardening
effect. Natural-aged Al-Zn-Mg alloy exhibits better strain-hardening properties and uniform elongation than their
thermally treated counterparts. The presence of shearing-resistant precipitates in thermal-treated alloys results in rapid
accumulation of dislocation loops around precipitates at small strain whereas at large strain, the dislocation dynamic
recovery process is dominant. In natural-aged Al-Zn-Mg alloy, the dislocation recovery is inhibited by solutes and
clusters, meanwhile, the dynamic strain aging effect raises the resistance of dislocation movements, both leading to a
greater strain-hardening capability.

Key words: Al-Zn-Mg alloy; solute atom clusters; atom probe tomography; growth kinetics; strain-hardening properties
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