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B PERE YA 4L 5 PV B v] DLYA 2 p AH 0 R ST A 43 A
M A R R % Al-Zn-Mg-Cu & 4 IR RE 4B A5 A0
T L 2 [ A I UL B T A A P R Rk #
621 MPa, IEH H % 5] 10.24% ; 41 7655 N"i@ 1 120 CilR
LA N TR 77 20, R i PR g 32 7+ £ 723 MPa, ZE{H
RIAF 8.9%; 7E ML FLAM I, A TAE X AL AR A BT
P ELAGIR , 3 — 20 XA FLG AR 34T A 58 4 T 45 & A
B DR — o LA R, — D7 TSR A oA, 5 — 7
THL 5 AE N AH I HT HEAZ O, 3890 AH I FEAZ 2R, 3RAS R
TOZm /NG o AH 33— S8 I AU B SRR
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TR BRI SR S
2 AEMMEHT
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[i] 5 & N FE A% ) Zn Mg Cu iX 3 Fl & & e E BN
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B G T b PR AR 220, i AR 1) Zn 19 B 508 8%, Mg
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Mg i & L 8:3, Mg/Cu i = Lo 2.85:1, WA =02 FIA
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Zn(wt%) + 2Mg(wt%) + 5.7Cu(wt%) = 20% (1)

Zn(wt%) 8
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THA AR B S & T R R 8 Al-8Zn-3Mg-
1.05Cu. AR5 LLAE B B 58 K L, 8 0 Se Al Zre T 1 )
AL(Sc,Zr) ] LME R FER STTERZ A% 0, DAL 2R A ditoks R
SO S IN T 22 5 ALY B ALTI AR, 78 44 R Rl

Ay, F 25 8 R R R . BRI AE 0 R Z AR N
Sc TivZr BAEME TR . Frixit &M mn k1
B

3 LW

SRR FEAE SG-5-12 U 1 e B 2R A4T, 1) 4%
SE NG 1 FH 22 #473 HT4% (differential scanning calorimeter,
DSC) 73 Hr A 4 I AH AR R FE , iR 4 DSC 45 SR e 35 214k
A T2 9 450 "C/8 h, A8 FH SX2-4-10 48 AP 2k 471
A4k &b B . {F A DK7735 e W) AL L R~ R
100 mmx>33 mmx10 mm KK 77 FEARAE A ELHRFE. 5
S Xt A 4 85 B AT IVEL AR B, 7E 450 C R B FE
10 mm %L 4 mm JE I, F4 EL 5 R TE 450 'C T
LRI 30 min J5 K JE AT AL ¥ FL AL B S AR A 1 )R
92 mme WYEL 5 1A D) K B8 3508 10 mm A ATRR
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IR AR A S IR R T SL8 T 2R, W
1 Fra . AfHH SX2-4-10 46 b Al GZX-9146MBE %1 it
ST SR AR AT s N TR b B . A SR At
P RGBS LAk A0 % S5 5 48 A Keller 57 i ok, 5 F) FH
Olympus Y. 2% &4 5% F1 ISM-6700F 14 B & Sl 6t &
SFE AT B IS . R R 4RES 22000 )5
FH K VR 73 K HEAT LA G 40 22, 15 FH 10vol% HCIO, #
90vol% C,H,OH & TE-30 ‘C %t EBSD 43 #1 #f i i 47
Ak 2 4 , T ISM-6700F 44 FL 1 5 sk 8 o il B 4T
EBSD ] . ¥ TEM £f & B8 22 50 um /&, #§ A 25vol%
HNO, 1 75vol% CH;OH & R AE-30 C N 2EAT XU AL FL
Yt £ TEM B, Al FH FEI TecaniG220 7437 5 5 1 5 4k
BEdHT TEMRAE, P IE N 200k V. ff A Ultima IV

#=1 Al-Zn-Mg-Cu & & EN L ER S
Table 1 Chemical composition of Al-Zn-Mg-Cu alloy ingot

(Wt%)
Zn Mg Cu Sc Zr Ti B Al
8 3 1.05 0.3 0.3 0.1 0.02  Bal

. ) Solution treatment
Homogenization Hot rolling

450 °C/8 h 450 °C
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Time/h

1 g TR

Fig.1 Flowchart of experimental process
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Sc 3 B It Z I i ALy (Sc, Zr, Ti)AH BELAS 1 &k i K
KU, M SEM-EDS EIHA] LLE i, 3545 & & dn AL A Cu
BT ATEL S . TR R B4 A DSC 45 Bt & & &t
AT 8 SIS FRE B 1 A3 S BT L ASEREL K PR 58 A VA N
A hil20 15 3 g4 ] TMatPro S AE RS A BB
AT I I 2185 56 &1 DSC 2k . IMatPro
A R TR, AP 0 g M A BRI = A
BB PR, IR AE429.6 CEe i NFEAA T . Al-8Zn-
3Mg-1.05Cu 5554 A 42 1) DSC il 28 o A7 75 2 AW 4

AlZi;MgCu

/i
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ALTi
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\ -

Al,(Sc,Zr, Ti)
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2 B5344 10 OM.SEM [ Fr R EDS JG 3 [ 434
Fig.2 OM image (a) and SEM image (b) and EDS mappings (c—i) of as-cast alloy: (c) Al; (d) Zn; (e) Mg; (f) Cu; (g) Sc; (h) Zr; (i) Ti
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Fig.3 JMatPro simulation calculation diagram (a) and DSC curve (b)



8 ]

TR B s A R BB IULAC K Al-Zn-Mg-Cu &4 Wit 50T 4L

* 2065

W&, 73 531 9 469 F1 624 °C , 3% 2 AN HE 73 5] g o #E ) 3
B A Y AT S DSC I 2
S ¥ AR I RS IR PR AR R IR T 429.6 C LA B DLIE
NFEAA, HAE I BElE B 469 “C LA LAR 1y #H ™ B it e,
o 28358 P A 1) v TRD L E ) 450 CAE NI AIHGIRE
4.2 H&HIERE Al-Zn-Mg-Cu & £RHLA 5t aE
FL T 20T OB R E s Fa R, 18 mT LLgg
Ht—E W TR RORE, T BN S &3 T R
IR FLA FE RN, BT DUERTG S AT #ELIT 48,
ZJEHHT Z 1B EL . XA FLE A 4R K R AT

it :;‘50@11{"

T AREE , IRAF R e A P4 B IR PRIV 2L, K 4 9
LG A 42002 490 °C/10 min [EV4 J5 162 440 OM 1E
J FI SEM-EDS K, )\ OM HE F o m] LA H L 28 3ok [ 95 Ak
G I A 2R 3 B R K I R S8 4 T 45 i 1 a-AL SRR, 55
BEHEETHEN S5 THIE AR E B AT,
b, [ A5 1) SEM-EDS 5 #4575 41 2R 1) SEM-EDS AH Lt 7]
LA H Cu IR BT I B -

& 5 M [ I AL S () XRD EHE , Z - — B R Z
o [ A F S A L2 N a-ALME . 6 G4
S AP G EBSD 455 . ¥ 6a & & EU &,

50 um

50 fm.” 50'um

B4 & 42490 "C/10 min [ 4L H 5 ¥) OM . SEM [} A1 EDS 7T 2 [f 11 1
Fig.4 OM image (a), SEM image (b) and EDS mappings (c—i) of alloy after solution treatment at 490 °C for 10 min: (c) Al; (d) Zn; (e) Mg; (f) Cu;

(&) Sc; (h) Zr; () Ti
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Fig.5 XRD pattern of the alloy after solid solution treatment
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(kernel average misorientation, KAM) & g % B W b J52 [
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T it KL () & 3 B 30 1) 56 4 P 445 i DX 3 Py R 3 B 1) 22 4
70N BRI DX 3 P R PRI, R A T SR A A R
T AE I 30T & 9 P ot S P 50 ) 3 ¢ £ X3 R) A6 46 85 52 22
1 N B R B S5 1 (R R 58 4 B A6 A X 38, B
re DL FE R R 58 4 P A A DX S A7 LE ] DA & [V s

HRT A A e 2 U0 BAT AT I R 10 R 52 4 1
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W] B RS TR

El6 & 4:1E490 "C/10 min [H#4R % T (f) EBSD £
Fig.6 EBSD results of the alloy after solid solution treatment at

490 °C for 10 min: (a) orientation map; (b) pole figures;
(c) KAM diagram

G &R, [F B A R T B RO R A o A AT

17 R4 L i 225 A [R) S A 1 s A B S A 4 R fif
PERERNZE . M T LU, 7EAH [R] 0 A I ) 26 4R F
[ VA IR 470 “CHEINE] 490 C 5 A 4 10 i IR 5 5 Fn 4
PEIHG N, M AE 490 CIEHLT , I RN R] A 10 min %E K 3]
30 min Ji5 , & 4 08 R o FE B AR I 2B M 0, &2 0
490 “C/10 min [&] V5 4B IS I ZR-E J1# VERE B I, i o
[k £ 616.7 MPa, i IR 35 5 24 458.61 MPa, 4 fii 36y
15.6%. HTARTAEFSERHIER, BEEa&048R
A R 15 FEANIBE X O 5 SR BOI R T T 1 R
PEREIL Ao
4.3 B3UE Al-Zn-Mg-Cu & & HIRLA 514 RE

8 NE 443t 490 ‘C/10 min [H VA 120 C/30 h i
3G 1 STEM AT TEM R A, Ho 1141 8a. 8b i STEM K, M
Pl 8a i LUF HY , SOWLEH 2 H 23 A1 5 VF 22 A0 /IN IE oK
/IS diohi, AFE 8b 1T LG H I oA 14D s 1RSI ks P

54 %
700
600 |
< 500 |
(=™
= 400}
2300}
wn
200 | ,
——470 °C-10 min
100 ———490 °C-10 min
5 ——490 °C-30 min
5 10 15 20 25
Strain/%

K7 AN SR A 0 D < PR 777 2 Hh 2
Fig.7 Stress-strain curves of the alloy after different solid solution

treatments

HE ALSc BT H M 8c 1175 43 HF G DL KON 2 Fr £ B
A% 46 1] 8d B 7 B W X 35 5 AH A AL(Zr, Sc) A #r
HHE 9 SO X 45 ¥ v 43 HE L, ] 9a i RT DL
L G XU A S IO SR T T A R g A1
XF M RSE AT Geit, 45 o A RS 23 A 76 4~10 nm
2 18], 2% R ~F A 6.40 nm (& 9¢) , 3% /T HAl Al-Zn-
Mg-Cu & 42 8] A I SRR ST, 8 BEAH /N ) g AR AT DA
2 LS 57 485 1132 3 AN T AR R T4 & AR . [
9b.9d AT 1] 9a B A B ) v 4y HE I AR 5 L h
L) Ja 3 A B, A8 B TUART AR A 43 BT (GPAD B R 7E
HRTEM B4 56l b v S AR . wl LS Rt A
B, 5 FEARAH L, X Ly AHGY KR T B A R A B
AR o X ERH AT EE AL 3R DR AR S N AR o AR S AR
[F) FTHT 2R FC AT 0%, 1 3R B AR L 4B /NI i A 5 A 2 )
EA v B s AR, 3R B A AT DS IR b At Al
Zn-Mg-Cu £ 4 5 & A 5 1020

K10 A#HRHZ T 490 “C/10 min [ ¥ 5 78 A 7] (15
FE R ORI 24 h )G SAF R AR 26 . v LA tHAE I 28 [)
AR, B A ) 280U B T v, R A v R S T s i B
K. B RRE N 100,120 140 “C I, & 4 i 5w 5 45 )
N 644.4.665.5.645.8 MPa, %iE {H 2 53 5 A 7.4%- 7.6%-
9.2%. JUFF Il EEXT LR, il 5 50 54 4 W M 11 5 1)
AR TMIALE 120 CHF A T & S Mbih s ik B i s,
LT 2550 A 2SR B T TR A 4 o 285 A Ak 3 ) L T
120 Co B11 NE 4 A 120 C 4R 5 5317 24,
3036 hINf AL BR S M4 IR A 2, W] DLE A RH Bt
1558 5 e 256 353 i 55 o 280 ) 388 o it S 7 o S BRI
TEHEAT 30 h B 504 R AR B 0k 1) B i, Jee AR5k
1% $1] 729 MPa, Bt 47 5 5 1k ) 552 K 1) 775 MPa, S ik
F110.37%.

Kl 12 AR A2 5T 490 C/10 min &V A1 120 ‘C/30 h
[ R T 2 A HE s R B T A5 . AP 122 ml LR
B AN AR AR — SR T &, 1X 3B
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500 nm

K8 490 ‘C/10 min [E A1 120 C/30 his} %45 & 41 STEM A HRTEM &%

Fig.8 Images of the alloy after solution treatment at 490 °C for 10 min and aging at 120 °C for 30 h: (a) STEM image; (b) high-magnification
STEM image; (c¢) HRTEM image; (d) Fourier-transform image

¢ 50 nm

Frequency/%

Precipitate Size/nm

9 490 °C/10 min [ F1 120 C/30 h N R 546 145 70 H1 3 TEM BB AR RS Geit 70 i f s A2 1]
Fig.9 HRTEM images (a—b), statistical analysis of precipitate size (c), and strain map (d) of the alloy after solution treatment at 490 °C for 10 min
and aging at 120 °C for 30 h

PRI RE R RN A TR AN SR . DI v 12a (R BOR I, AT UA BTS20 91 88 A A 56 R]

EAELOGE TR, EAa o s ARAE WK RE US4 RO PR AL 7, T MR R F) 35 — RHAE

YL, R WS & R R E AR IENE . B 12b TR N RGO AR RSO
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700 e HH7E 500~700 MPa, & 4 814 P 7E 4%~12%.
600} Al LAE A TAERT &I A SEA R AN E 4 T2
< 00t A Iy B A 1 1 2R R

= 400} Al-Zn-Mg-Cu REEH @A LT LR AL - 5 5
8 300} SR (o) VA SRAL (o) LA SR AL (o) LA DTTE SR AL

” 200} LI (o), BHRHIRE o ATHH AR FR
100} ——120°C24h 0,= 04t o+ 0,+ 0y @

——140°C-24h ™~ . . .

0 SR — TP ER S VA HEE 2 KT ot N 1K X = A - 8

Strain/%

10 AN [F IR 23T E T B 40 PR 80 - 38 T 2

Fig.10 Stress-strain curves of the alloy at different aging temperatures
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11 AN [ 2050 T TR 5 < PR 2 - AR i 2

Fig.11 Stress-strain curves of the alloy with different aging time

4.4 SW5tE

IR S0 B Al-Zn-Mg-Cu R48 &4, T
KB ARG S F TSR 3 T2, BOR AR IR o
B SO A R ] A T 7 FORBETHA R ) 2 e Y
A2, BIBARGESHEEHERREGEN
PEReXS Lo, Hoh UTS Adduss e . H BTk AH S 400 L
T IRFHPERE NI & 4 PLbi s K 22 TE 650~800 MPa,
IEPEAE HPAE 8%~15% s T K AL G hn 07 s L& 4

i L IRAL o, 7T 1 Hall-Petch 22 AU iHSA Y, BfR AR A
Py I N

Oy =0, T kd'"? 5
K, o, 4k AL JE IR 3R, 9 50~90 MPa k4 H 0, A&
A& JET 7000 RE AL, — BRHA=0.12 MPa/m" " d 2y
A RL 1)~ 2 RST S B 6 [ I A & I 41, 454 Nano
Measurer # A 48 1T 43 H SR 3 RS 2978 23.53 um, H
T 2R FE AR A (120 °C) L 48 A 4 1E I R FE vp &
RS LA 2 24k WA RS I8 4% 23.53 um. K
DA E 3t i N A (5D HmT 43 H a0 o x4 R
TR N 74.74~114.74 MPa.

G & EE A T A R (6OPIFRIR

o, = MGbes%S«/Z (6)
A, M=3 A R G A e I BT U &L, )
TARAEEI G=26 GPa; b AR ERI KN, KT A G4
N 0.286 nm; e NS NAE s NI RIRE . TEARS 4
H, Zn Mg Cu 3 i 3 2 70 360 i R 5 2 o sk 80K,
PR 5THR 20 14 2.9 18.6 A1 13.6 MPa/wt%!® . 1 G & X}
(] 75 B A J5 A i P SR T A T T Rk S5 e ot
R AR A AR, 22 B A5 H 3 b o 2 0 5 B A R T 40 il
N23.2.55.8.14.28 MPa, it 93.28 MPa. Ko, 5 o fF
NG 4 [ A SR, N 168.02~208.02 MPa, IR#E A & 44
i 490 °C/10 min [&3% f5 1) i il 58 5 2 458.61 MPa, Jil 2
0, 1 o, PIAS HHOR 56 4 45 i 5 803 K 56 4 BV iR Rk A
1) 70 2% G 23 T % 55 = AHD X 58 B 32 7+ (BR it N o) N

12 490 “C/10 min VAT 120 C/30 hif 205 A G i O30
Fig.12 Tensile fracture morphologies of the alloy after solution treatment at 490 °C for 10 min and aging at 120 °C for 30 h: (a) tensile fracture

diagram; (b) partial enlarged image
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900 S AlSZ3Mg105Cu W ALS1Zn2 Mgl 4Cu
® AL78Zn22Mg23Cu
A Al-89Zn2.42Mg2.45Cu
850 | z Al-8n-2 SMg-2Cu
i AL-866Zn-1.45Mg-0.97Cu
This work < Al858Zn2 nmﬁ oscu
800 | o > AL-778Z02.41Mg-1.02Cu
® AL9Zn2 5Mg-2Cu
o AL-94470-3.41Mg-0.89Cu
S 750 F Complex method o s
a Al-866Zn-1.45Mg-0.97Cu
o PETE T
-77820-2.41Mg-1.02Cu
751 700 B AW u Al1-1039Zn-2.02Mg-1 93Cu
= A « 7055
=) B AL81Z0-1.97Mg-2.3Cu
650 Yo ® Al867Z0-2.51Mg-2.5Cu
(] ~ A A1-81Zn-2.05Mg-2.3Cu
Y Al-642Z0-2.25Mg-2.02Cu
600 . @ Al1IZn-29Mg-17Cu
[ Conventional method ALL9T8Z02.04Mg1.76Cu
AL-75Z0-2.4Mg-1.3Cu
© Al736Zn-1.47Mg-1.51Cu
550 + A1-62Zn-2.8Mg-1.6Cu
500 pa—

4 6 8 10 12 14 16 18 20 22 24
Strain/%

K13 Al-Zn-Mg-Cu & &P BESi it K
Fig.13 Statistical chart of properties of Al-Zn-Mg-Cu alloys

250.59~290.59 MPa.

T2 4 76 22 i [ 728 b U5 B0 B 5 BE A, 1
RERLI R K, B2 SR o, T 22 A1,

B4 I PLIE SAL 4T 11 A 2R (DO

g, = 0.6MGbM @)
DYy

A, M=3 PR R G & A & BT DI &, X T

G4 G=26 GPa; b AR B KA N T AGEH
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Design and Research on Al-Zn-Mg-Cu Alloy with Ultra-high Strength and
Good Plasticity Matching

Wang Yanjing, Zhang Wendong, Xu Zaidong, Xu Rongzheng, Ma Huanchen, Tang Jinnong
(Shenyang Aerospace University, Shenyang 110136, China)

Abstract: An Al-8Zn-3Mg-1.05Cu alloy was designed according to the solid solubility of Zn, Mg and Cu elements in Al matrix. Then, the
hot-rolled plate was subjected to solid solution treatment. The results of SEM and XRD show that the solid-solution microstructure with only a
small amount of compound residue is obtained after solid solution treatment. Subsequent cold rolling, solid solution and aging treatment of the
alloy were carried out. The EBSD results indicate that the alloy obtains incompletely recrystallized structure after cold rolling and solid solution
treatment. The KAM diagram shows that the dislocation density in the incompletely recrystallized zone is high. The alloy after solid solution
treatment exhibits favorable tensile properties, with the yield strength of 458.61 MPa and elongation of 15.6%. The TEM results after aging
treatment show that a large number of fine MgZn, phases are precipitated in the microstructure. The average size of MgZn, phase is about
6.40 nm, which is notably smaller than that in the reported alloys. After aging treatment, the alloy obtains ultra-high strength and good plasticity
with the yield strength and elongation of 729 MPa and 10.37%, respectively. The strength composition of the alloy was calculated, and the
precipitation strengthening contribution value of fine MgZn, phase is 348.48 MPa. The calculated yield strength value matches well with the
experimental value.
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