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Effects of multi-stage promotively-solutionizing treatment on
strength and fracture toughness of 7050 aluminum alloy thick plate

ZHANG Xin-ming, HE Dao-guang, LIU Sheng-dan, HAN Nian-mei, SONG Feng-xuan, ZHANG Rong

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of the multi-stage promotively-solutionizing treatment on the tensile property and fracture
toughness of the 7050 aluminum alloy plate were investigated by optical microscopy (OM), differential scanning
calorimetry (DSC), scanning electron microscopy (SEM), tensile test and toughness test. The results show that the tensile
property and fracture toughness of the multi-stage promotively-solutionizing treated samples increase when the last stage
temperature increases. When the last stage temperature is 493 “C, the tensile property and fracture toughness of the
multi-stage promotively-solutionizing treated samples reach the peak, the fracture toughness (Kc), yield strength (oy5)
and ultimate tensile strength (o) are 37.4 MPam"?, 500.6 MPa and 534.0 MPa respectively. Then, the tensile property
and fracture toughness of the multi-stage promotively-solutionizing treated samples decrease with the increases of the last
stage temperature, because the grains grow very fast. The tensile property and fracture toughness of the multi-stage
promotively-solutionizing treated samples are better than that of the single-stage solution treated samples.
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B & JEBELEIASTE /N, B G R RS AR B AR
IR G N Co TR SU s e e aE | I EZ Y N
2 M S(ALCuMg) AT AlZnCuMg FH%5) [E AN TE
g3, T HARARH SR —AH e T S AR T I i v B 2
PSP A N IS, AR TR E IR . HAN
SISO I, B PR TR B (K34 0, 7050 JEAR
R RS AR AR S, Wl ke s 4k
Bl—AE SR R, BRI RST S, AT
FH RS —AHRE— 20 BRI [l i o KO R, &
S WTRLEINE RO AR BT LA, Bl B v [ R
KA E A S PIEREEA . T4k, CHEN
SEOTE 2 AR I R O H 2 Al-Zn-Mg-Cu R4
G, FC AR v A BRI R I 22 A R R T AN i
Be, W G CEE AP R s REf B
WEFURIN, K H 2 Gl [ AL BEXT 7050 555 @ Aohs
PRSI AL LA SR ISR, (R R A T IR ) (1)
] Ribres SRl e o] (I =B a5 S e 2 T A A s
il FEE o) £ < W 20 1 s (R i s b

KRIAEE W2 PO HI BT 160 mm &
7050 FH A G AL JEEAR 58, S R T 4B (R s, R THE
KA ARSI L JEAR R BI TG R, Bk
JEAR PRI FAE BRI BE (T SRt — e 2% .

| N

SIS AR A 160 mm (1) 7050 FAEL R, HAKAE
FRAY IR 1 Fi7se AEARELBOM S 1/4 JAAEEAE 6
mm. JiEN 50 mg /M f, 285 7E NET2SCH-200
F3 #Hr T DSC 2 Hriiik, n#uksE R 10
K/min,

TR [ 5 B A 35 2 o, Horp SST Ky
2 I 5 Ab 3 (Single-stage solution treatment); MST A4 %
2% [ 35 4b B (Multi-stage solution treatment), FLFHiRIT
F£4(200 °C, 11 hy+(1 hBE%)+(300 °C, 11 h)+(1 h il
(400 C, 5 h)+(1 hFfi%")+(450 “C, 4 h)+(1 h Bfilr)+(Z& 4%
B B) o B A 2 R REL A o ] i TR A A T R
IRV, T AT XU I A B, 3 B R (121 °C 6
h)+(163 °C, 12 h).

FE AP AU« Pl e H RS BRI g k. 7
XIP-16A SAH B iEE NEAT SAHALMEE, IHAH
Imagel AT Ge it R4 M AE FF&5 52 2

F W E S ARUE GB—4161 ME, AEWAE R 1/4
AEHY 25 mm JERRAS, g% LT B bR Sk fu
REE, MEWREIYE . SR Sirion200 F14 HL A5 HEA TR

RS AH S RN 24 MR R E T T340, 5 Al
K AR A a0 2= I RERE HEAT 204, I sk
20kV.

¥ [E K brifE GB/6497—14 BE, (EAFLE R 1/4
AEHUSFE D 2.5 mm BIBORE, B0 TR L nl &
RFE, 7E 44100 W77 RESEIOAL F AT R 2E
Ak BRI .

R1 7050 W E S RELRL 2T
Table 1 Chemical composition of 7050 aluminum alloy plate

rolled (mass fraction, %)

Zn Mg Cu Fe
6.32 2.08 2.20 0.04
Si Zr Others(single) Al
0.02 0.12 <0.05 Bal.

F2 HMOBEHTZ

Table 2 Solution treatments of samples

Sample number Solution heat treatment

SST1 473 C,2.5h
SST2 473°C,5h

SST3 473 °C, 10 h
SST4 483 °C,2.5h
SST5 493 C,2.5h
SST6 503 °C,2.5h
MST1 473 C,2.5h
MST2 483 °C,2.5h
MST3 493 C,2.5h
MST4 503 °C,2.5h

2.1 7050 55 &AL A DSC MK R

I H 160 mm J5 7050 545G 1/4 A HAELZ
IFER) DSC SEEMNASS R 1 Fros. MR T
DSC &4, & a7k K T 484.3 C H I FEI
ZOLE 1) O TR IS RF 26 PERE, s
R ER B, AR T 484 Co

2.2 ARIERLIERT 7050 $8E & HRH5EE FIHTZH)
E3:0E=A1)
B 2 B 7 R BB 8 5 K — N80 )t DA %
Wradt e, A 2 AT, PRI R 473 CHY,
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Fig. 1 DSC curve of hot-rolled 7050 aluminum alloy plate
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Fig. 2 Tensile properties and fracture toughness of aged 7050

aluminum alloy plate solution-treated under different

conditions

B [l BT T (R 184 0, SO P e AR R 28 3 ik
/No 2.5 h SEK ] 10 h i, AR PR e AR (00.2) A
487.7 MPa [#{X5] 466.1 MPa, [&MKT 4.4%; Hifrsn
[ (ow) M 514.0 MPa [£{ik %] 482.0 MPa, [£1X T 6.2%;
Wi PE(Kic) A 34 MPam'? (53] 32.4 MPam'?,

BEIR T 4.7%.0 AORFFRIEREY 2.5 h i, BERAT
PRGBGSR BRI, TR
PEACIEHI N, 7 483 °C ik f s {H 35.1 MPam'? &
FRRRAR: T2 g s hI R, B [ iR s — 4
TEERIPEEr, SRBEFIWIR I M e B i n, 75 493 °C
A S i, IR (002) 4 500.6 MPa, Hif s
(ov) M) 534.0 MPa, Wigd#ItE(Kic) M 37.4 MPam'?, fij
JEBHRAG. HE 2 a7, 2R e — g
LS RN ) 5 B [ (R AR R BNE, bl 22 i ] v 45

I PRy 58 SN T 2R LAV P B0 ot s 1 2 i
[ A B 5 — 2 oA 473 “CL 2.5 h I, 5 473 °C,
2.5 h FRELIEEAHLG, A 400 e IR EE B (0o0) N 487.7
MPa #1521 492.5 MPa, Hihi 5% (oy) A\ 514.0 MPa ¢
5] 520.0 MPa, WiZ P (Kic) A\ 34 MPa-m" #8215 %
34.9 MPam'?, 27 T 2.6%. 4% Bk EwHRn—
254 493 'C. 2.5h IFf, 5 493 °C. 2.5 h g [EGALL,
B 41 i IR (602) A 473.0 MPa $5%] 500.6 MPa;
PRI E (0v) A 490.0 MPa 45 21 534.0 MPa; W47
PE(Ki)M 34 MParm'? #2515 37.4 MParm'?, #257T
10%.

2.3 FEERLIEI 7050 $5E €K E AT

3 Jis ok 7050 B GBI A [ B E SEM &,
IEIFRARE 5 AN E EE, /] Image) A4
TS PR OEE AR 2, L R wnls 4 .
M 3(a) T, FELSHOM O OCEE —AHVR AL
H1, ik EDX 2T RN 3), HHOCHE A0 22
J& AlZnMgCu AHF1 Al;CusFe A%, M 3 Al 40, £
TS O T IR B A RAELAS IR B s/, EDX 40 AT
ATATRLORES A 2547 ALCuMg A1 Al,CuyFe #H,
M HAELS T AlZnMgCu AHTH s XL 3(b)+ () Al
(d)FT %1, 473 ClEw HIEEE IR 2.5 h ZEK 42 10 h
B, AR S A S AR HE 3(b)
Rl(eyrIn, FAZL AT A 2.5 h I, Bl [
(RN, & AR R EE —AHE W >, HIE 4 Pt
TNFERRLE 493 °C g [ R IS AR AR SR AR 2
Lt 473 CHGEE I FEC 24.4% . BiE 2 st
WG —JOR IR S, S a TR A
WKL 3). ST ELE 3(b)FI( RI411, 242 ek [
WG — 2k 473 CL 2.5h I, &4h iR
TAHRIS R EL 473 )CL 2.5 h PR [EE MK, I 4 a]
A, HEADT 4.6%. M2 YR R — 90k
493 'C. 2.5h I}, HaTHRARMIREE ZAHM B B AT
493 'C. 2.5 h BLZL ] I 2 35 PR, Lok T 30%.
WL gL, 22493 'C. 2.5 h FAZL IR &4
& ALCuMg A Al,Cu,Fe A, TG4 493
‘C 2.5 h (M2 g saAb il i & 4 b 32 220 R Al,Cu,Fe
L, AR ALCuMg AH; (.22 G Ak [ 1) fi
Ja %A 503 CIH, BB RERAS LA 3(h)),
HH LB 8 P S R DR TR JRa 8 [ T AR DX DA B 5 = SR
f1AH o

2.4 AREBFLEXN G EHEmALNEND
7050 FAE AN [H] [ s Ab BE S 19 PR AS S AL 23
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3 ZAFEELLBLE 7050 B FAR S AR

Fig. 3 SEM images of 7050 aluminum alloy plates solution-treated under different conditions: (a) Rolled; (b) SST1; (c) SST2;

(d) SST3; (e) SST4; (f) MSTI; (g) MST3; (h) MST4

Imagel #AF, 5 H A EPTARRIFR &5 5 DI AR R LA
K SRS 2], W 5@ FI(b)af %, 4 Fge [H i
FE 473 CHF, Bl [ TR frss i, 745 5 30K
W I Sa)FI(e) T A1, g [ S I TR] R 2.5 h

I, B D R A v, R B R 2GR
AR AL BRI, BB 22 2 Ak ] 55— L T 4
A, TR B KUK 5(d)~(g). MWK 5140, £
LA — o 473 C. 2.5 h & & prgs
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Table 3 EDX results of second phase particles of 7050 & 5
, 58
aluminum alloy plate .E § 4
Mole fraction/% 8o 3
Point Sz
Al Zn Mg Cu Fe EE‘ P
4 7086 249 1165  11.99 S8
Q
B 73.84 17.23 8.94 0 Eiﬁﬁﬁﬁﬁaﬂfﬁﬁ
c 67.17 1695 1182  4.06 cTh 888358 2%
D 7028 1413 1121 438 Sample
& 4 gx = :5‘? l‘f 1 050 1A =] S ""‘: 1:{/\"
P 53.47 2405 2247 Bl 4 ZANE AL B S 7050 4545 <85 AR 25 *Dﬁgt.]]ﬁ
Fig. 4 Volume fraction of second particles of 7050 aluminum
F 74.5 17.43 8.07

5 SAFFEFALIE 7050 554546 T4 i 4HAR

alloy plate solution-treated under different conditions
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Fig. 5 Optical micrographs of recrystallization microstructures of 7050 aluminum alloy plates solution-treated under different
conditions: (a) SST1; (b) SST3; (c) SSTS5; (d) MST1; (e) MST2; (f) MST3; (g) MST4; (h) Volume fraction of recrystallization grains
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o7 10.5%, LR 473 C. 2.5 h B4 5
IIEHR 13.6%, Wi HH LRI 22 i b ] L o2 ]
FEAS T 19.8%: Zgumfbli s fm—2h 493 C.
2.5 h i, G&THEHIEN 16.5%, LLHgLH %
493 °C. 2.5 h W) PRl 70 BRI T 33.8%.

2.5 WROMER AR
SRV AE R, 7050 404 4 SRR R 1 14 1A

v

6  ZAFIVEALBLE 7050 BT I ES

R 6 fizs. M 6 mlgn, MOb RIWrR ok o 5
W SR i T 2R PR VR 5 B 2R 7 2 XS LB ] 6(a) ()
(e)F(g)mI 4, HREMEFRT, 473 °C. 10h 5473 C.
2.5 h AHEE, WEERIMIELAT LLBIIE ; 483 'CL 2.5h
Gy, FEONPIE MR, 5 473 °CL 2.5 h AL,
AT LB s 2 gk I RS — 0 493
‘C. 250 I, HEZEWAPEHKR, 5473°C. 25
h PRI EAAHEL, UTAR T ER] B, 2 e R

Fig. 6 Fracture surfaces of 7050 aluminum alloy plates solution-treated under different conditions: (a), (b) SST1; (c), (d) SST2; (e),

(f) SST5; (g), (h) MST3
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Ee il in, £ 483 C. 2.5 h By AH EL 1) 55 K
& 6(b)s (d)~ (DFI(h) AT %N, [ IR, #50)
REERURANANA]; g [ I, 473 °CL 10h 5 473
‘C. 2.5 h HHLL, BB RIERBERI R/ N Y, 10 v
B AR TAIXTRER ;s 483 °C/2.5h 1 473 °C/2.5h itk
PIE R U, WE IR A AN o XL 6(f)
RIMFN, a2k 493 °C. 2.5 h 2 Zaibi s,
g 493 °C. 2.5 h AL, WK, KW
PN BT LU EE R, 1058 T I A R B —AH
KR, B EDX ZrAral %, Wrees oA ok
T ETJE RN ALCuMg A1 Al,Cu,Fe #H, [FlHf
FHZ AT B —Ee EAA G S e R (W3R 4), T 2 ik
R T — 2% M 493 °C 2.5 h N, #0E5 h ik Ax ikl
KEE A LF-# 2 Al,CuyFe Ao

F4 7050 FEA WO AHMIRERG b 45 T
Table 4 EDX results of second phase particles of fracture

surfaces of 7050 aluminum alloy plates

Mole fraction/%
Point
Al Mg Cu Fe
d, 72.04 2.05 17.60 8.30
d, 48.71 20.46 20.84

3 o5 e

7050 FE A SACH TR, T RYOY
ARG e fE, Horb o 2058 D8 35 Aok 45
P UL RO BE —AHI . ST AR i P e A )
LS PFZ 5 FEU 5 o ok gl b RO 58— A 2252 [
DR FE IR, VR ORI 80 R B e s AR TTE A
PFZ %S, b5t b A o B 22 S5 R 55

FEARSZIG T, L6 SR AN [ F [ o1 B (L3R 2) ek
JKVESRJGHE4T(121 “CL 6 h)y+(163 'C. 12 bR, 15
B 7 AR iR SRR RIPE(OLIE 2) A 2 TT 40,
1 473 “C g AT, [EEI M 2.5 h ZEK 2] 10 h
HFEd, AE R T RS S B iR A, X
TR LT, SRS A RIEA
ANAZ (WL 3(b)~(d)), 1M FFEY i 7> HOZ i (LK 5(a)
HI(b))s T4 i dtobr b5 B A4 ] () S T — Rk KA FE
1, 2GSy KA RSy, P AT 4 R
BERALE A A TR BIE BRI Y [RIIN B 4 1R T4 o 40

B, SRk, Hall-Petch 2AUrI 40, BlEEE &
BRI, &GS K. 47k 473~503 C
O P SRR BT I, G (R TR ) B P ] R
JEM BRI, 4 483 CHHARIEAE, SR)5 FEAIK,
T 5 <0 FRD 58 PR D I ] P 8 D8 5 AR o [l
ORI FEE X 5 4 FRDRH KB AR 7 285 it o R S R
Wi [T S (B e T T [ B i O AR, R
SR AR AR BE(L I 3(b)Fle)), FRARHHK
55 A BN 4)s GG PERLOCEE AT
Wb, FLIRATEAZR D, FLIRZ (RS, Ay
JEE WD, Wi PR It P i B S(a) R (c) T
B, B IRFR 45 b 2 B A [ di P P 8 e 38
P& SRR A A5 R W e B A Dy T
FHE M S Wi 24 . A B AR T 483 C I
WA, G EmmE o B0E it g 5), H
THRARR S A BN & SR Re e, A
W B Ik 1 v B L R R ARG T, A 4
PR A BCSURIBE R, TG A rh AR AR O SE A 4
XTHB AT ) Al,Cu,Fe AH IRV R B2 511~ 510 °C, it LA
G PR AR EE —AH BRAICRR LG BRI 3), &4
ZUPIIVERRAR o 5 <0 100t 55 5 [ et 2 PR 84 o v FAeA1
i Hall-Petch AZXATIH1, &4 150 SRLIN HAR d
S HEEIREOCR: T-Gah al RS A
fiff i 10 3 B RO H AR SR S AT B . AR 4 G
W i 2 (R 15 0 T s MR R B A AR AR S AT PR
T T L iR I S T PR IR 2IO8 T AT G 4 R i A A B
17 B Ol P (PRI, P A B B O R L
KK, BB s B A

7050 e B A 2 oo IR, Bl s — 2%
TEERIE N, PIAPEROREE AR D, L AN A
PIPERE N, MRS —GUR N 493 CHE, & 4a Il
PIPERR LR BIAR, 55— SR i 493 “CH,
P T T 5 0 B S R AT R B KK, R
R FE ST R . > 20 Gm Ak ] s i — SIS
RIS [) 5 P2 [ AR TR B, 2822 0 smA 15 )5 1 7050
PO 4 ELAT LU A 1 I T s R W AR e AT . I
JREEAE T, 7050 F5-G <o e ] v ik R ) [ 52 R p i
FERAH IS R R, e 1SR S S TR T
(fitRe, [R5 I R AL A 4 PR il R AR AEGIR B2 KR BRI,
BEA L i £ B 1 T i e R AR S w24
20 2 DA T B i — 2P IERL FEE AR ] 5 P00 [l v — 3
W, B2 2 PRI 5 IR T 45 A o B L PR g i
i, [RGB N, 222 b9 5 14 4
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THF 2 il 2 B e L PR A s T AR R T P2 ]
W, M JE— YOS 493 TR, A4k
KHFETF GG . [N, T2 g b P R fd 5
o PR B[]l TR o i 3 L B T AN S 46, AH
S P v AR R ] 0 A 4 rh AR SE AR 2
Huy NBISAR P e 2 gt S — N 493
‘C. 2.5 h I, FRARIHICEE A E 2T Al,CuFe
A, BIEs LS A Dk W R R SR R R B AR ok
Dt 6(h)). RIS ERE I TR BEATHIE] T 6
gk LR, BKTEETHHME’JJKjU?ﬁK {H 435 ST S KT
ZL L) N e 2F S ) BT A 220 IbAh, KSR
#wmﬁ¢ﬁ%&ﬁﬁ/,m@nélﬁkﬁm@m,
SR T SR SR RO I R, AN T R SRS AR AL
3 7050 B <o FLAT LU B2 T v S A P Wi SR A i

&,
4 e
1) 7050 B 4 R AR R 3 A B2 RO AR

AL, CuMg FHFl1 AlZnMgCu AH5), 7EBPER LR,
LG TFRIC R 7 I LS JAk S = A N £,
RGO, R B D IX SO R EE A DA
i) TEES I

2) [AFELEEXT 7050 45454 WAL BI A B
Wi, 22 S, s — RS, K
PR PERE B AR FL o R IR R 5 T,

i —HARLE K 493 CHF, A AR PR i 5
IS BIUEEAE, LTI (Kio)~ i IR (0 ) RN BT i
J& (0v) 73 511 4 37.4 MParm'?. 500.6 MPa #1 534.0 MPa;
i i — AR E R 493 TR,  H T PSS i B s R
B, SRR R, BRI R i ST A

3) 2 am Ak AR R T A 4 A ] I A (]
275y, WfE—E R LIdI gt Sk fe, ez
R IR s (R IS 75 4 10 [ v W BRI P e T %2
FHFE IR BE AN RS, 38 KT Rl P b 1D ] v
FE, Wb T e IEREUE; 182 g R n —
S0 PR FE IR ] 55 PRI ] 95 — B0, BB 7050 B4
RRORA SJeA LU P05 [l s B vy 4] B SR ) R R
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