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Effect of strain-induced precipitation on
subsequent hot deformed microstructure of 7050 alloy
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Abstract: The effect of deformation process on the precipitates and effect of strain-induced precipitation particles on the
subsequent hot deformed microstructure of 7050 alloy were investigated by optical microscope (OM), X-ray
diffractometer (XRD), transmission electron microscope (TEM) and electron backscattering diffractometer (EBSD) on a
Gleeble—1500 thermo-mechanical simulator. The results indicate that the deformation can accelerate the spheroidization
of the precipitates. The refinement and re-precipitation of the precipitates at low strain rate deformation, and the
dissolution and coarsening of the precipitates at high strain rate deformation can be observed. A large number of small
globular precipitates distribute dispersively in the alloy, and the size of the precipitates increases during the subsequent
hot deformation. The precipitates can pin the dislocations and grain boundaries, and misorientation increases in the
elongated grain interior. The ribbon deformed-grains are refined and many polygonal substructures form, which maybe
have a positive effect to improve the strength and fracture toughness of aluminum alloys.
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4, WERT 5P H i i R0 gk ok NSOk
FIN 7075 G4, SN G RA AL, AR
Ak, BbJa, B ATRBURLIIAT H AT A S DR 2 A eR
AR AL TE AL AR R, SO D AR T
IR Lo BOFIBFSURIL, £E 7050 Fa5 < rh 451
A FFIE T 2i(Equal channel angular pressing)!'*f1
AR5 AT H A BRI R A MgZn, FURL AR AEBRAL, £T4L
TERBE AR TE R SO REd = & 12 Pk . Al-Cu
GG AEmA I (Severe plastic deformation)id 72/ 4
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FIRASTE L RE P2 AT AT, AR g e
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7050 SRS (B 73 8 %) A Zn 6, Mg2.3,
Cu2.1, Zr0.11, Fe0.1, Si0.05, Ti0.02, Al 4&x%,
JRUERIRAS A T7451. R 480 'C. 16 h Fi1483 C.
8 h (KR AL, =IRKE, ARJE I TR E AR
10 mm. & 15 mm FEAEFE,  Flim D 5LEI77 . 4
HUBAL B2 56 4F Gleeble—1500 HVBLINL L HEAT, 75 7
FETRRE TP A B TR AT SR LA A Ay P 4572 T b
(R 5], LAY D BEAE 7 A il MRS (1 52 o AL
PRACEE T2 1: AR 300 ‘CARE 120 s JFr B =
WK T2 2 WFEIN#AE] 300 CLRH 120 s f5 R
DA AR 0.1s ' 48T, WAFEREM 15 mm FFKE] 6
mm, & FEK 60%; L2 3: WFEN#E] 300 CAAE
120 s Ja L RILLN AR R 10 s 1450, K FEN 60%:
T2 4 W FEINFAZ] 400 CORMEL 120 s J5 3L HP DLW AR 4
10 s A, REEEEM 15 mm BEE 3 mm, &
TEA 80%; L 5: WAEIHAZ] 300 CHRi 120 s
Jr LRI AN A 10 s AT, AWFERBEM 15 mm Bf
K3 6 mm, B JEIRFEZETHE 2] 400 CHRIE 10 s 7
LL10 s A0, A BN 6 mm FAKE] 3 mm, R
TR 80%; AERMUMIALBERLFE A, AR i %
¥k 2 Cls, WRFEARTE R RIS KA, DR I
A TEALR, [ Y — AR i 2

R4 A0 S i85 (OM), Philips APD210 %Y X 52k
TS (XRD), HL 75 B AT 5 (EBSD), JEM—2010
175 5 LB (TEM) R X HL 707 S (SAED) X A 1R AT

TR ZRFIAH 73BT o B AT 1R i 25K T B v 1Y) 4 AH
ARSI T, BikAoh Keller 77)(2.5%HNO;+
1.5%HCI+1%HF 7K¥##). EBSD Fl TEM Hi &5 fEAY:
st 81 R Y W AAE XU gk i e AR, HURIRCR 30% i IR A1
70% H R (AT 040, W 50~70 mA, LR
—20~-30 C 2 [al,

2 IEER

2.1 HERIKTS

1 TR AARFIRA T 7050 4545 4210 TEM 4.
HP 1 R4, B 4AE 300 CHRE 120 s Ja, A
IR BT HY AR, G20 BT AR ORE 52 PR EEAR
b5 BT A RIORL S ER O B ERTE . il P ORE ST
20~80 nm, KARLLHA 2~4; SRS LRI BTN
FkL, AR 35 RKAR LB (WL 1(a)). £7E G4
1300 CLRUR 120 s Ff LA RN AR THOR AT IR R %
H 60%KIARTE g, Fiokr LABRTE N =, 3 A th s s &),
Wil 1) 7R, B O AHRURL £t B W 22, kA
AN, RN AR (0.1 s~ AR AL AT AT H AR BRAL A1
rits Wil 1e)fs, A AR S s,
Rk AERIAL, DO N AR (10 s ) AR AR AT H AR
BRALIF SRR K. Trit, BARTARMENT HAHBRAL . F
M W AR B RIS e SO N AR 5 34T

L) A B 1(c) b ARTE R 4 5544 (100)
s T PR 328 X HL 1~ AT 5 (SAED) 1S K FEAT 5 BE bR 58 7
B, AR AL 0L T (FCC) S5, kg %
a=0.405 nm. MgZn, AT FNE5H, 5’72 /NT7 (HCP)IE.
T, WS HE a=0.496 nm, ¢=1.402 nm; # JENTT
SEHTAH, RS H AL 0=0.522 1 nm, ¢=0.856 7 nm!"™,
(AP, AE 1/3{220% oy A7 EAFAERTS B R0 B
7-MgZn, FHRIRTSS, TIAE 1/3 {220} 4 K1 2/3{220} o) 17
FEAEATHBE SR 7'-MgZn, A EIRTSFISO, 58] 300
CATEIS RN T /TR 1) n AHFDEAEZS 1 /Al
F 4 SCHR[16], B 1(d)rh “x” £ B TS BEXT Y. GP(T)
DX PIATHE,  FLATS BEALSS, R AITE 300 CAZ RIS Hefk
D R A GP X,

1(e)FT7m WA G 44 400 “C AR 120 s I LAY
AR 10 s TR FEh 80% A (L2 4)f TEM
B FTLUE BT AHE R D, RSP,
HAFAER R BIRCIRAT AR AS FE LR b FATT 407
BRIEAT HHAH; 110 300 C AR ST H AR & S it e
42400 CHAZTE( 1. E 5) e, i e BT SR K
TERT AL 1), S5 1) b, A Aok A G
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Fig. 1 TEM images of precipitates in 7050 alloy under process 1 (a), process 2 (b), process 3 (c), SAED pattern and schematic

representation of Fig.1c (d), process 4 (e) and process 5 (f)

ISFRIRL AR 22 40~90 nm, FIURL AR, (HAT s
W2 TE 1), BkiAmds), v iLNAR S
T 68 5 SRS TR P T AR TSR s Ao AT
HHEEEW.

Kl 2 itz ok 7050 F2 5 AN 2 F 1) XRD i
¥ 25 45 XRD % oK HY B Mg Zng FH AT S (L P
2 Hisk(a)), UCIALEACET ] B AL B R T MgZn,

FHTE A [l B EAA T PSS 420 300 CHRE 120 s
Ji s MgZn, FHFIATHEAIN 5 (LK 2 hi2k(b)),
eI A2 MgZny KA, B 1) Wi
AR NERTE kL 2E il RSB 4240 300 C
0.1 s RASTE G, MgZng FHAT SR U FRIAR X 3 A 48k
(LK 2 il (c)), & 1(b) & WIAT L AR RIURE % 2 18
USRS, T2 MgZn, K, RI#VE
JEARRE T MgZny AHIIMT o TR &5 422 300 'CHI
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Flfk, M6 10 s HARTERS, MgZng AT A 3
FE RO 2 ik gk(d)), i SR I AR
WA 5, MgZnp R AT AT BN s
1(c) T LA s AT H AUk 2 BE ek /S, (HR AR R K
Ky ROFHER. 300 CRAZ ST H 4% 400 Cr AR
A0 s AB(1E 5)Z S5, MgZng AHIIRT SR
A RIS 2 itk (e)), FWITE 400 CHRASE L
FEAT HARR AR Bk s B 1R BT H AR R
Frak s RN, AW EFFIK. XRD Al TEM 4
(RS 25—, U B AV T B AU 3 MgZn, AH I
M, fEEnE 400 CARTE fa b R T4 b

25

B2 7050 fHf SAEAE TE N XRD i
Fig. 2 XRD patterns of 7050 Al alloy under solution (a),

process 1 (b), process 2 (c), process 3 (d) and process 5 (e)

22 REMAHTL

Kl 3 flrs A 7050 55 AN A T 244 T AR TE
k. I’ 3@ LE 2. 3 4 TG S BN
N—NARMZE . B 3T WL, 7EARTEIR A 300 C
MWARHR 10 sy R 60%I, AAREYI, AR
IS 7 B AR PR3 G T 5, > N ARIR BN A, 44
AR TE S IRAS AR TR RRFAE , S A8, 77 2k 228 MPa;
AT 300 'C WASHA 0.1 7' K R 60%HH
ARTEAIY, ARt Bt AR 3 R Ty, A F]
AR 5 SIS AL RFAE, 5 KA. J1(197 MPa)
I T A AR R YA AEARTEIRLEE 400 °C AR
HE 10 s TR NER 80%M, LEASTEHIIAI AR R /)
AT A PR3 R s B W 5 5 RS A T AR 1
FRAE, YRR S 140 MPa. & 3(b)fis Al L2 548
TR G N —MNAR 2k, Mhekkm], it
SR H A A 4 R AR T I A AR S B R S AR 1
ik, MBS B R N )ik 2] 172 MPa, B 5
T L2 4 AR A AN JI{E (140 MPa), [AIIf4345

SARTEIIAS I J SR A A 38, B A
7 it OO I 1 () 2 4 1 IR AT e 2
IR, BB A AR A 0 A AT 4 — 5 5
i, S BRI AT B ) R, A
RS I Bk SR T
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Fig. 3 True stress—strain curves of 7050 Al alloy under

single-pass deformation (a) and two-pass deformation (b)
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g R A /NRTER [y ) LLE R EBSD S, Kl 4 fior
4 7050 HaAFARE T 2051 EBSD K. Elrh
ZEM 0> 15° R KA FESR T, HIH S 4 s 2°<<6<<15°
HNABER A, HAE AR E . G 4aA(E 300 CRIE
(LE3)a, AN BILAL, B 5 458 AL ) $r
KARLT, i AR KR /D B R A R 22 1%
MV, A5 2 FEE 1 DX IR At A /NS
(UL da))s Al PIBLI ZE 3800 R T (R B ) ZE 268K
(LE 4(b)). Biaageit 400 CER(TE 45, AR
D AN 2 NP L R SIS R h e £ I E VA ITY A )
I HL/N B S D, A TR RGERE T
B A H AN S S SR (UL P 4(c))s R ) R ER )
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Fig. 4 EBSD maps of 7050 Al alloy after different deformation processes: (a) Process 3, grain boundary map; (b) Process 3, grain

orientation; (c) Process 4, grain boundary map; (d) Process 4, grain orientation; (e) Process 5, grain boundary map; (f) Process 5,

grain orientation

ZERER, [T oA P 0 H SN R I 1) 2 (UL T 4(d))
MRS G4 N SHTH 45 400 ‘CER(LE S))a,
MK 4@)F 4(e)rT LG, fERRIER SR, &
SR A)EILUNEEAE_ ARSI, PR
L1 58 EAR /N, AR ST it 4D v 5 /N A R ot Bt
AR KA FERL TS, AR, N R S R
U JT I 40 A, HEIRZLZURN SRz P 4 Ak 50O W S
BRI 4(e));  HaoRLIAIA7 AL W 8 PR I ) 22

7050 B GAEANR LS4 R (WASHAR 10 s7)
BICIEWESAMHALRME 5 Pros. 78300 CRE, KT
K 60%IN, FEARZA LU I b7 K R R AR T2 AT
AR LA, HARAIL L], REERTR
LRI AV E Fe #HF1 S AHOWLIE 5(a)). 7t 400 C
A, N EN 0%, FEARLEAER % (P ok,
L T S P B B 2 2R R SR ILIE S(b))e 4R

TMAE 300 CH % 60%48 5 fHE4T 400 CALTE, M
JE R 3R 0%, FeAAT R AR AR A, AR
S ANRARE A (L 5(c)). HH I S(b)RT S(c) mT LABA &
HF H s 7050 FR G G 200 AR S AT S R ACH 41K
AR, SAHAHZIE R S EBSD KI—3, A9 IR4
LN 2 .

3 SHSIE

3.1 TERFEMXT LA

Kl 6 A Al-MgZn, th — JCR I AH T
HF 6 FTLLE H, 75300 ‘CLATRRE, Bt B2 7t &,
MgZn, FIFERRIEAR I H S e b I, 45
300 CHF, MgZny AHAEARHE AR AR i 95 5 SRS K
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B5 7050 &A/EAFRE L2414
Fig. 5 Optical images of 7050 Al alloy after deformation by

process 3 (a), process 4 (b) and process 5 (c)
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Fig. 6 Al-MgZn, pseudo-binary phase diagram!'”?
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S, I AR B AT RS H R T R OR
E, T3 J7 5 45 AR e 28 AR RORL AT IR, AR
TE SRS P A AR A B W, WIERASTEAE T
) MgZn, BT H 8K 1 AG—W, BLIREN 11 BAR KT 1
MRS IREN 7, AR T IR RN, 7EAG BRI
(i) P BIT L B 22 B PR 5 A BORE, B AT MgZn,
FHIIHT e B La)~(c) T LAG Y, AR TERH W o T
MriiAHE3E, TROEGER M1 STARKE!" WA K48 1
A CESR LR A AL B UL T AT A RS . 28
TR T R ROE T B RR 1 T B S 8l ) 24 T
HAPE. PR TEAEAR A G R T RO R 41 2
B, AR FIAS TS, IX A SR ANAN IR 45 44
EARECR, 25 MgZn, FIATH RS UL T 2 (A7
M43 R A 4 T [ S R DR T O, R R
MF G (EHEEE A BRI K. BRIk, A2
TEREEE —AHIATHE

AR TR 2480 AR T A R e 2 AHORE BT B S R
SR B 1) RI)IB A, BN AR
AR TG FITGS TAT H OO g, B2, Bk
SIATNEE TS, AR AR AR AR Ja B th oL RSk
15~30 nmy; 50 o W AR 36 AR TR PR B AT H 0k £ it
WS, HT AT 20~50 nm. PRlE, AR %
ZAHENT HAHERAL . AT AT . JLRPI TR I
I AR T % ] USR5 4 IR AR T AT 78 AL R B[R] TR 3l T
BB R, HRREEESTAT, e 2,
OYAT IS ARG, U BB E, N
M-S B /NSNS AT s e s
AHRLLIMN, BEESIN LR, WA K
(UL 3(a)), ZIEAEREIE N, 28 ARz K IKE) 17882
Ko ARAEHTH A /NBURL R, RO, R
Ak, W AR AT H 5 AR A R
LA 5N

3.2 A ESEEHALRZI

SIRAPEAE R, AN LA
e PEROALA, AR AR IS SR R P AT AR L A
ETUAE AT IZ S, w2 TR AL s 8T A D
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EARSER Y, NTRATET 25, 74300 Crhy
A TN, RO SEIRE AT ERIEHT HAH, 7E
PAZTEAI I B B P A B, eI B T R BT
FHETHL, BHASIIZ ), AR B ) gk 21 (e (W14
3(b)), JEREANTSSALTEM B, (A A FERRAG, EHEE
in N Z B S5 R 4(a))s 300 CAIE G &4
GRLL g HR 2 400 ‘CATE, A4 ST HAHRURL )
AR e e AR R IR s A, A 3
AT AR RSORE 7 8 AN  F = AR sOR AT FLAE -, n L
B4 55 — Bt AR I ) 4k S (LI 3(b)), B HAH
W BRASAR G S AL AL AT, I ZE 5K (AL
Kl 4(e)F 4(f), P& ibn s BEARAE, FE AR i FAL TE
BN/ S, AT 2 Rtk JEH TS
S G AR RMEREE T 12 4 BG40, K 1(D
FRbT H AR £ ] S LT 1(e) R AT A R 22
Bt A RT3 A), RO A ERTERRL, 1 — &5 S 5
T BT HAHRRL AR TR 2R A

AR AT IR R SRR T
205 el 7050 B S B OB IS5 R, /N A i A
AR ECH 83.8%, AR T GETERMSEm, JuH
AW e, RIS 7050-T6
IPThr sy 603 MPa, JEREEEE A 513 MPa, fiiK
N 12.3%.

4 g
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2) WA ST RS S 4 400 CAIEIERE
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