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ST 3 P T2 HUERC B Al-Zn-Mg-Cu & & HZUREEEIR . Z5REH: =120 C, 0.5 h,
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TEARZE 50 Hz S 71 BONEac RT3, = oM I g B A & 4 IR 57 IR R 43 T 20789 145, 239

F1 180 MPa.
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VAZS A 4 B R M T 5% L T B 280 4 A B 24 99)
PEo 5K B3 SRS R AR A S RS A M T AR 5 M RE TR
AT TOHIE, RIS AHE BOE NG B % . AL
WPE, (R AN G YA RRa A . R AL
T2 Al-Zn-Mg-Cu & e A ANERE RS2 A K
EITAT, (HA2 HArE X HuE S E A Al-Zn-Mg-Cu 56
SIS ERRF 75D o ik, ARSI DALIE RS
H Al-Zn-Mg-Cu fa&&/E NI R, XLt 3 Fh
IR T A G A S A IR R R, A ST 3l
I Al-Zn-Mg-Cu & & # A T 2 R4S K

LIS MELRH Al-Zn-Mg-Cu & &5 i, HAk
FRIT WA 1

£1 Al-Zn-Mg-Cu &&Ab /5
Table 1 Chemical composition of extruded 7050 aluminum

alloy (mass fraction, %)

Zn Mg Cu Zr Fe Si Ti Cr Al

631 212 214 0.10 0.01 0.01 0.052 0.001 Bal.

MAT R EAEL d50 mm X 150 mm )[R AR R 3
1T HE B, BIEN 30%, HGEEEN 420 C; BE
REEZ 477 CHEVEALFR 1 h FF4 60 C/KEE)S, BURE(LS
mm X 15 mm X 20 mm)iZFA7 i A0 EE o B 25040 8 1) B2 A
%2 fHl,

FEIS RSB B, I HV-T /N A iy 24 FR FE X
XHRFEREATREFE IS, #A7 3 kN, Jngfia 15s, fr
R AE ERE A R4 5 RS, SRPHME. Hifd
S GB/T228.1—2010 FrifEiEAT, I H SN
CRIMS FifHHL, SZIHEZE 2 mm/min, FEZHSLIGE 3
ANRREHEAT R SRS, BCP AR RS 1 1%
PERE

SR T R

Table 2 Aging system of Al-Zn-Mg-Cu aluminum alloy

#2 Al-Zn-Mg-Cu

Aging process Parameter

Two-stage aging (121 'C,4 h)+(177 'C, 6 h)
(120 °C, 0.5 h, WC)+

Three-stage aging
(65 °C, 240 h)+(120 C, 24 h)

(105 °C, 7 hy+(121 ‘C, 7 h)+

Four-grade aging
(157 'C, 4 h)+(177 'C, 6 h)

35 ST B RE SR AE MTP—1 TR X000 FE AR ek A3 1 X0
W L. FRARBONINIR S W EERR A, 1A
tboh 3.7, IR N-20~30 C, HIEAN 12~15 V, Hi
N 50~70 mA. 7E TECNAIG220 i& 5 s B g, i
LN 200 kV. %5750 4% GB/T3075—2008 46
J7EAE SDS100 HL ik fr] Al 57 S iRBaAL BadkAT, #fir
R BT I 9 IR 5L, B3N 50 Hz, N JJH R=—1.
HURFE (19 55 7 113347 SEM W%

2 GBREDH

2.1 BIRRELAFAE

SR A R A A AR R 1 TR H
Bl 1 AR, fE =R RORAT T, 5 —2% 120 CIF&k 0.5
h KA JEE 4y 152.5 HV; FIE 65 CHEATE — 4
T2, A B A TR AR B, < PO REE B8 3 T 18
(EREAGE RN 2 RO TR 240 h B, = 2RI 2L
DA EMEEIA R 192.6 HV, B E KR,
BRI . Rk, USSR R i A
FEIS 18] 9 240 h. 7£(120 °C, 0.5 h)+(65 °C, 240 h)iFf 2%
J&, B AR RAL R 5 = R (120 C)ikfEd, &
o T 55 ot o I 00T ] PR ZE K T 2 02 14 0, 7E 24 h 1A
FIEAGRTSE 215.4 HV.. U, TR Bl 5 I R0 TR 1 4E
KB B Rk, Rk, B =220 T 2 0fE (120 C,
0.5 h, WC)H(65 C, 240 hy+H(120 ‘C, 24 h).

240
Aging 240 h at 65°C
2 )
N [}

2 160 !
=
el
=

120

—— Second stage of three-stage aging
8ot —— Third stage of three-stage aging
1072 107! 10° 10! 102 103

Time/h

1 =R JE A 4 1 iE AL it 28
Fig.1 Hardening curves of alloys by three-stage aging

2 FTs NN R I A B 5 A 4 AR P &5 SRR
R B 2 /TN, 0 305 & 4 OB R (e PR,
9 1682 HV, =N )E6E & MR Em, HEAN
2154 HV, IR e A 170.3 HV.
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Fig. 2 Hardness of alloys after different aging processes

22 AEMEBRNFRHMEEE

R 3 R NAFIN S A S mEiRb i rEms. W
R 3 ATLUE H: &S5 RN A PIR R E N 477.7
MPa, JERSEEE A 445.8 MPa; & =230 )E, &
G (R o FE A R O B S KRR w0 A
640.2 MPa Fll 598.4 MPa, [A] i K KB E 2 11.7%;
DY 25 I 2808 4 4 PR R B2 S oy T N RS A 4 ) R
FE, AHHARK RIS A 12.9%.

#F 3 Al-Zn-Mg-Cu &ETERFR R L2 1 =) % hi
PERE
Table 3 Room temperature tensile test properties of

Al-Zn-Mg-Cu alloy at different aging processes

Aging process oy/MPa 09,/MPa /%
Two-stage aging 477.7 445.8 10.5
Three-stage aging 640.2 598.4 11.7
Four-stage aging 483.5 456.8 12.9

23 AEMETORR

B AN R AL R R T RS 3 p
o M3 ETAEN, A4l T g e W AR
T R A M. I G G & R 1 2 B2
ZF S ) B W R D B IR, W KN —, RS
FZARKOLE 3(a)); B 3(b)H =2 R4 Sk o
FE Y E B E R O, WS RRERR, KD
FHMs B 3(c)H DU 3808 G 4 i T T 2 1) 5 Y 2
mn TR, R HOR BLRR, KW A A A /)
B, BT DAY 380 B 4 AR K R B

24 AEHEHER
I 2 T AN 20 A < (0 R RUSE 7 A B Y

B3 AR TZM Al-Zn-Mg-Cu 84 & W T3
Fig. 3 Fracture morphologies of Al-Zn-Mg-Cu aluminum
alloy under different aging processes: (a) Two-stage aging; (b)

Three-stage aging; (c¢) Four-stage aging

221, TRIHA T 2 AT S5 b B X Al-Zn-Mg-Cu #5454
PEREISEINLEE, X2 3 B L2454 Graff
Sargent i7f)(1 mLHF+16 mLHNO;+3 gCrO;+83 mL 7
TRA)MTARE AT S 0lUS 1A & AT AR S5, 45
Rl 4 fron. B4 o AR AR IR —
FH, XS ZAHEEAT EDS(WLER 4)ReRE /- Hrmr a1, Hg
o EER KRB AlZnMgCu M LA K 2% Bt M (4o
Al,CuFe #f). Kl 4 FTLAEH: 5= RAHLL, =
o VU AR 38 AR S, RN UG58 A1
RS9 10 pm, =20 3805 5 AR 20508 3
pm, VUL 58 AR RS 5 T74 WRCE L.
TEA SRR, BR T A AL AR I\ B
PRIREREE —AHZ A, 3 A B 288 Ak B N AN [ ROST ) it
ACARUTIERTH o 083 IOT AR A 2 UK R SE — Al
O, TR BURLER AT e ORI S ot . KSR ZAHIM)
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FAAE BT W EOR S (9088 RT AN 5T, AT gt
TR T EN &R i 2= 7 1% .

B4 AREENTET Al-Zn-Mg-Cu 54 41 SEM 4

Fig. 4 SEM images of Al-Zn-Mg-Cu alloy experiencing at
different aging processes: (a) Two-stage aging; (b) Three-stage
aging; (c) Four-stage aging

F 4  Al-Zn-Mg-Cu 54 MRS —AHI% EDS #1455

Table 4 EDS analysis results of coarse second phase in

Al-Zn-Mg-Cu alloy

Point Al Zn Mg Cu Fe
A 30.69 23.44 25.32 20.55
B 77.34 15.28 7.38

C 92.94 2.87 2.54 1.33 0.31

K 5 s AR 2 T2 F Al-Zn-Mg-Cu 54
(¥] TEM 14 % (100), H8 T RTHHERE, B 5(2)F(b)Fim N
TR (121 'C, 4 h)y+(177 ‘C, 6 h)Z Al-Zn-Mg-Cu
REERER R, A EER BRI HIAH,
S8 BT B 2500 BT T R e AT AR 2 M, AT

AP RSN 7~10 nm, FEIHAG, @SIHTH g
FRAAL, BAES G, HWERLUE i, £E
— R RES L 5(c)RI(d)), &b N 3B BN 5’
M A, BT AR RSN 1~2 nm, 177 HAT AR S
AEH L, AR T g AR SN ES S0,
A5 Z g0t RO LU AR BE AR, TEUtvE s thairiess s Y
I A (LB 5(e)FA(D)HI TEM 145 4t 2448k,
AT H AR5 RS 5~8 nm.

VAR K G B b T — R AR e RAS, IRk 3
Tk R I R A T A AR I A3, AT RSP R
JEE R I AR BUR B AT 1 38 —AH . Al-Zn-Mg-Cu %
B A RO R A AR TSN N a G AN [
BAR)—GP [X—n'fH(MgZny)—y #H(MgZn,) >, I 2%
R, GP XTERS I Y, 3252 Mg Jo 3 1% .
W5 5 B 2850 P P vy DA B 25 R PR B, GP X
Zn LERMEEIZHA S, G4+ Mg, Zn iR K&
AR 't T A EIAEAE R Al-Zn-Mg-Cu REA & A
A RN S 280N LA R e e FEE PR DG . i N L
REESE—Tb e, g M E# Ry n A, HoR
AR E5 T AR,

1E 120 CHEZHIHT, TR, A& dh Py
FEOAE RE LN GP XA Ao X F g 3
VUL RS A4, TR BRI S, & A1 g
MIEAS, n MK KFHL. WT =SSN E4,
BT 350 R ROR P A 65 °C, AR I R Ik AN
JERR, SRAE RN, AEREZ 1) GP X FI4H/) '
FH, AR KA A1 g AEAR, AR5 =gt ol
TR R A KB GP XEEAS AN /A, HJEA I
g3 n ARG IR ARy A, A KA dERAL . X
— 7 T 4% 3 B = G0 30 1A 4 i PO BT HA AH BB 4
AN EERETR S, IXEEHT H ARG PR AR B BRAGAE 5
F—IT, HT R BOERRKE . W S
il p TR EE LN Mg, Zn 0, FEVEG RS
CHIRL e AR I 4 TULEH, 5 g
VUG AR LG, =0 U5 G 4R ORI 58 AR
TRFZWR D ZRE UL, I RN G A
GamANT A EE N g MH. BT VIR S E SR
P R AREL /DN, DRl R 88 R e P 2 v T N RS
GEM; =R A SRS N A EE N A7, 3
SRR E ST M, H g AHRSEA/ N SR,
1P = N RS A 4 1 R R B

2.5 AEHIESFSIERE
K 6 Pt NI 57 73 fi DA SRAT 3 Al AN [F] IR 2
WEEEM onaN KAHZ WE 6 FTUEH: X3
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AiEHK, . BRCLEXN Al-Zn-Mg-Cu & &4 4300 715 M RE ¥ 5 1715

B5 ARANMTZTR Al-Zn-Mg-Cu #1581 TEM 4 5(100) o T HTHAERE
Fig. 5 TEM bright field micrographs and corresponding SAD patterns for (100)4; of Al-Zn-Mg-Cu alloy experiencing at different

aging processes: (a), (b) Two-stage aging; (c), (d) Three-stage aging; (e), (f) Four-stage aging

T P SEBEARZS 15 2 (05 57 75 iy OB o S A6 ) PR A1
MR R, RN S & &R 7 R M BLE 145
MPa it fEMFISZ JI26AE T, DU Ras & e ik
JiZF e AR b T RN RS K, R IR AN
180 MPa. f£ 3 I RCIREGET, =HNBEEE
IR o7 TR R B, R T7 R 20N 239 MPa.

N T 3T B2 e 7 IR AT N IR,
XF 3 Pl RCIRAS & 42 1E 280 MPa INE S T 9% 55 i ¢

(T 134T SEM JEFEE, 25l 7 B

MBI T(a)s (o)~ (e)JE55 W FESA AT DUE H: R4
TR T AR RIERTH, 7RG S DRV R IR 2 — A1
Wbasra i N, I TR TR, AR N
HEFE T HALT AR AES, DI, 9557 R0 — Kk
PLFRRER T,  TPRH R B8 A S a0t & 9% 95 75 i
BRI, AP TSI AE JLR I, KSR M
TS 57 B AR . ME 7(b)s (d)s (DRLY™
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Fig. 6 o0,,x—N curves for Al-Zn-Mg-Cu alloy at different

aging processes
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Bl 7 REIRCT 2R 55 W SR

Je X 57 WE SO BT At I 2800 57 Wi 19 57
RESCANWIR, , = 2RI 20 98 55 I 11 PR 98¢ 577 W S ) L
VU 5 i Bk 200 57 Wt 11 FR) i 57 RESL IR B /DS, i 57 WL TR
B 08 PRI L 2 v ST 27 R BB A AE X SR
B DT HE SR BB/ 55 REYT R HUTEBOR, R,
] 7(d) e 7 T 24 50 PR3 55 0 T R 2 IR A 28 = S
ROAE B 5 0% 57 R 8L e 1 3 B = i R iR &
SO TERE R . BEAh, SRS ST AR R
P53 ARAENT Al-Zn-Mg-Cu REA 4 K195 55 M B

BERM, X 8@a) (o) ()T 3 FhiF & T2 s
AT A R RE AT, A B = 0 R T2 i N A
AR 5 SR ECH B A R T E A
Al-Zn-Mg-Cu fh & &VERE S, XA T
fig, ARG G SLR TN AL, HREY

Fig. 7 Fatigue fracture morphologies of Al-Zn-Mg-Cu alloy at different aging processes: (a), (b) Two-stage aging; (c), (d)

Three-stage aging; (e), (f) Four-stage aging
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JEE A T MTILIS S AR H AR BT L RS
AL PSR, e ST AT a1 (PFZ )k 7= FELBS ' H
HRGER, = R i AT UTEE AT i (PFZ)
o B, ZRE U ERHT, =Z TP

=)
H

ﬁﬂ'_x‘/fio

3 Zhip

1) RN RS & < I b o B A e IR 98 B2 20
477.7 MPa 1 445.8 MPa; 4 =2 b G, &40
PURL A FE AN 8 IR BE 3 A RIREESR &1, 05l 640.2
F1 598.4 MPa, [RIFHMRK RIS 11.7%; VUL
BEEMBREN ST RS E85RE, EMK
RILFE 12.9%

2) IR DU I S A SR OR E YR
MR FHELZ, HRSEKR: =g 8esa4
TV RMCK B R M, RN g BT A, HRSF
#NT R DRI A B A

3) =R R 2098 T R R I RSO I R T
WEER R, EMZ N 50 Hz. SN ATH -1 Inak 24
T, SRR =G ORI I RS A A TR 5 R
PR %A 145 MPa. 239 MPa A1 180 MPa; — &It}
RS & & U 57 TERE IR AT
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Effect of aging process on microstructure and mechanical
properties of 7050 aluminum alloy for rail transportation

DENG Yun-lai"?, LI Chun-ming', ZHNG Jin*?, ZHAO Jiu-hui’

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Light Alloy Research Institute, Central South University, Changsha 410083, China;
3. State Key Laboratory of High Performance and Complex Manufacturing,
Central South University, Changsha 410083, China)

Abstract: The effects of aging system on microstructure and mechanical properties of Al-Zn-Mg-Cu alloy for rail
transportation were investigated by hardness measurement, tensile test, transmission electron microscopy, scanning
electron microscopy observation and fatigue performance tests. The results show that after the three-stage aging (120 C,
0.5 h, WO)+(65 C, 240 h)+(120 ‘C, 24 h) treatment, the tensile strength of alloy is 640.2 MPa, which is higher than
477.7 MPa of the two-stage aging (120 ‘C, 4 h)=(175 C, 6 h) and 483.5 MPa of the four-stage aging (105 C, 7
h)+(120 C, 7 h)+(155 C, 4 h)+(175 ‘C, 4 h). The two-stage aging and four-stage aging samples have the larger number
of second phase particles and larger size. However, for the three-stage aging samples, whether it is the micron scale
second phase, or intragranular 7’ precipitates, their sizes are less than those of the two-stage and four-stage aging samples.
The crack sources of three kinds of samples in the aging process fatigue test all start on the sample surfaces. The fatigue
limits of the two-stage aging, three-stage aging and four-stage aging alloys are about 145 MPa, 239 MPa and 180 MPa,
respectively.
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