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ABSTRACT The influence of aging on the hardenability of 7055 aluminum alloy thick plate was
investigated by means of end—quench test, optical microscopy (OM), scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and differential scanning calorimetry (DSC). The
results show that the hardenability can be improved by long time natural aging before artificial aging.
The hardened depth is about 78 mm after natural aging and only about 45 mm after artificial aging,
but increased to be about 100 mm after natural and artificial aging. During slow quenching, the coarse
7 equilibrium phase forms, and the solute concentration and vacancy concentration are decreased,
which lead to larger and fewer 1’ hardening precipitates, thus lower hardness after aging. The long
time natural aging before artificial aging is favorable for formation of stable GP zones at slowly—cooled
locations, and consequently more amount of dispersed and fine ' hardening precipitates, which give
rise to higher hardness and simultaneously better hardenability.
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1 EZEHMEREE

SEES kAR 60 mm JERY 7055 4844 HEL, Hik
2Ry (RS %) Sk A1-8.10Zn-2.08Mg-2.25Cu—
0.11Zr, Fe<0.07, Si<0.07.  MARF EHIBUR SR
25 mmx 25 mmx 125 mm B AR K IREE, —W4E R
10 mm, FA2% 20 mm F[UIRE, VEABEKAEHN, 75—
HUOET R 15 mm, M5 mm FBESFL AR & iR ke, iR
fE SX-4-10 RUFH Y I E 470 CHEFTREITE, f#
I 1 h JFEER BRI A E B EEmoKe A, Kikgy
H 20 C. FHAEESE AR HERR)G, 17 3 FEbadHE:
sy R A TER 120 'C/24 h; FAREPZ 4320 by
FAREFRL 4320 h+ A THER 120 C/24 h. ¥EPUS R
TREE R RII T, $5h8 BN A BoRAT B 1w, TR
HIEIFEG, W ORI IR AR F AL E AR Vickers B,
FERAMLER, WS F0LRIEE 1 B 5 AME,
EEMEAE AL E R RERE. R EEMNAAE HV-10B B4R
R LT, BRI BTN 3 ke, SHBUHR R TR
PELERERS /K 3, 23, 53, 78 1 98 mm b4 HA2 3 mm
F /ML R, AR R IX 5 MLE AR H
HESS

AE AR P RN 7] 7 B AR BURE & AT O 41 41
Mr, SARRESZAEE | 0B | #00'6)5 ) Graff Sargent &
(1 mL HF+16 mL HNO3+3 g CrO3+83 mL H,0) &
i, TR T AR TR R L L X 4 Tk (). @A
(OM) WigfE XJP-6A H&AH Wikse EiefT, 55 "M &
fEigsr (EDX) 7 FEI Quanta—200 F#i 4% (SEM)
b7, EEEE (TEM) 47 TECNAIG®20 Rl
B BT, MIEEE 200 KV EGERRE SE TS RUE 2y
0.08 mm F#F, BB ER 3 mm B )5 AT
. HEARN 20%HNO3+80%CH30H, &AW AL,
HEEEREHIFE 20 CRLTF.

2 ZTRER
2.1 A#lehsk

F la MESWEKSAF BRI AR HIEZR. 72 200—
450 CzZ 8], WEEHPHE TFE, KT 200 CIEHRE T M
A8 I TR T K i R G o, YELJRE T R 4 R T UKD
7055 §F 4 & Ve K SBURRIR BE IX 16 24 230420 € 171, it
A R ) 52 B A 2 0L XA Y - E 2 A R A 1b
Frs. AT, FEBImE/KIRZT 60 mm DL P ¥ HIE R R
TR, KT 60 mm RUSAEARK, SRR L. £
K 3 mm AA¥HIEZE N 1250 C/min, F 23 mm
%5 630 C/min, FRET—¥, & 78 mm LFEEZ
138 C/min.
2.2 FFEMdhLk
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Fig.1 Cooling curves (a) and cooling rates (b) at different

positions from the water—cooled end
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RO, (HARKEE BE R RS I 2 TR . B REEUE
TR R I — 18 TR X T ALREAIEA + A
THFRE, 43 IAE2 60 mm 124 40 mm 55 FE PIAE BE(E s
TR, TG HEARAS. 729 45 mm RLp, A T30S RRE
BEERETHA + AL, HXT 45 mm B, J5%
HRE FEME P S TR, & 2b FrR AR A AL B AR AT
F 3 mm ZhEEE A BB RE B B A AR AR AE . 7EZY 25 mm
PAPY, 3 FhERH]BE T 89 e EZ R A K, £ 25—80 mm 78
FEL P, [ ARES 05 R BE A X HOE I S i 1 N T 80R B AR
+ ALEG KF 80 mm B, HAR + AU R
AAXF B A e, A 800 eI, 78 B 7K S ez 4 o B
N LB Rt BEAHXHE /D, 29 86%; T H SRBZUHT B
R+ NTHABIZR 89% F1 90%. ZHl e Tk
10% Ab#yBEES A Aes R, IRAME 2b AT LIE H,
NTH, AREEOR SR + A LHEGREER 33 B IR
BESM N2k 45, T8 #1100 mm. BAR, 7E AN TEEGETFIA

HAREE B R E T 7055 554 EAR B,
2.3 £\|AR

Bl 3 AV HIEARXT AR, A E RS K
AT RS G, FERHIEA 1250 C/min 4b, fkL
HLEW, SRR TE, SRS b S R A LA
LU Ak (ND) 388 3. P4 di dioh A R #L vl
(RD) #4424 150 pm, ¥k (ND) 29 50 pm, #rEE
(TD) 5 100 pm, 2RFIR. 7E 138 C/min &b, Fehrdl
LU IR, RS i R A B2 R A TR E A X
4y, /£ RD-ND B _Erriiges| — 8B aaiiRa 8. )5
AR AT, IX %R ] ¥ JI R 228N, Tkt
FEAAT A S T ARECES 2, AR IR R F O S T 5
W T ik 2 2 A SR BN
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Fig.3 Influence of cooling rates 1250 ‘C/min (a) and 138 ‘C/min (b) on the metallographs (RD—rolling direction,

TD—transverse direction, ND—normal direction)

(Graintbolindany

(@
\/

$
gt
&
L3

3

¢

B4 FRE®RIERNERE SEM R
Fig.4 SEM images of the sample before (a, b) and after (c, d) corrosion cooled at rates of 1250 ‘C/min (a, c) and

138 C/min (b, d)
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JRHIE . BRI Ay 1250 C/min B, FIWEEEIFEH
KEHEE Fe fIE Cu W4, KEHELH T 17 2R
345 (F 4a). B 4c NEMSH SEM B, BT, #5
WIEMN FEEBEEE, fA0EET EMm, FIAT
BB SRS, BHEER 138 C/min B,
FER THUKH (A ah, . SR SO A b 5 w)
WEERIR 2 1 g RHSE/NG ) ~PAAH (18 4b). ZES M,
XE ) PHER R ZU LI 2APRS . BRI, X
n PR B ARAH T R ER B ik, B R 2 BamAl
T, Pda A SO i A Gk (B 4d). #esh, BRI B
S EATHE n A BEUN TR A 0 AL e A
ARPREERERN TR, G8xEa Al AP EEE
FEAS, EVEMRA T 0 P, ERES S %
HFIEZRALE, Wk NRIREOR 7. LA K A B
b 0.

B 5 hWBHIEAE N 138 C/min B, FEFTEA 1
PSR SUR EDX 255, B 5b f ST E H,
B SR A RS Al Zn, Mg A1 Cu Jo#, HEs
oY 78.80%, 12.39%, 4.02% #1 4.79%. il 5c
FI RIS, Zn, Mg #1 Cu 3 FocRAEMSF LK

RS BT, AR g PR TR T Al
1 Cu JT&.
2.5 BJiESEER

Kl 6 MRHIER Y 1250 C/min BHEER A THUS
# TEM B f. 7EEMNMEBONE KB, TEAR B XIEE
KEAILARL (B 6a), B TRAEZEL, Fkfid o F
R AEMELUBAZAT e, VA TR DR B AE B i i, [
TEfa N S A EFEARBARFK n EEAHRFAE. WU
At EATH RS n AERGTA/NS S, 29 30 nm, EERIRIESE
SHATIRAS. SN =R BRI UTTE SR AL AR, T S A BT
B WA TCUiErT i (PFZ), HyEREZ )y 25 nm (/& 6b).
HEEE T WA R, TR TE R R0k (B 6¢),
MR (001) MR ATHIERE (SADP) AT40, o WRaAH
FATBERGR, GP KAARSS, X UL A 3R AI L, o'
WA . EHT ARSI ZE S, BA REFEL
YEH, BB It b AR 1

B 7 A TR AR 138 C/min BHEESEEUS
# TEM Br. & 7a B, 728K F AL 2R
BHIRH n PG, 58 4b 4R —8 XEMEZERKE
R, RFARES), HPEERKESN 320 nm 245, wKMY
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Fig.5 Morphology (a), and corresponding point analysis (b) and line analysis (c¢) EDX results of the second phase

at grain boundary at cooling rate of 138 ‘C/min
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Fig.6 TEM images of sub—grains (a), second phase at grain boundary (b), and hardening precipitates in the grain
and (001) SADP (c) in the sample cooled at 1250 C/min after artificial aging
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7 AHIE#HY 138 C/min WEEFEEUGH TEM KK
Fig.7 TEM images of the sample cooled at 138 ‘C/min after aging

(a) coarse equilibrium 7n phase inside grain

(b) grain boundary after artificial aging

(c) grain boundary after natural aging

(d) hardening precipitates after natural aging and (011) SADP

(e) hardening precipitates after artificial aging

(f) hardening precipitates after natural and artificial aging and (011) SADP

1000 nm. FIRHIHERK 1250 C/min BFAHEH, A TR
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175 nm. & HRIEAER A, S TUTRET A,
st EAHLR B A B L n M, K2y 200 nm (]
Tc), XULHITER AR A 2T T n A A
in PR B A B B RS PR R AN, A A GP X,
B ' WA (B 7d), FIHEEREEAR. B FE A i

AlsZr YRHEORL THIAFLE, 1X SR T~ P A 2 BEL A AR 45 i 1
B NI AR + ATHBUS, SRy
TRER o WA (& Te f1 ), HEFHIET, o
SR AL AR B B R R, RO/, TR A B B
2.6 ETRIEHERER

Bl 8 AV A AR I EUR # DSC ik, &
g A R e S haRib R, AIE 6c LA Te
£ AL, WU RRCAH 2R ' WA, [ g A
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2 oos | sot, HV f4# Vickers B, C, REXRHEE. AT
H B, H ORI H 2R + A THPSOT A R AR = R 5L
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Fig.8 DSC curves of the sample cooled at different cool-
ing rates after artificial aging (a), and natural and
artificial aging (b)
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B9 Z5th T 3 Pheshascmil BE T R A BE 512 H
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N T B8

HV = 111.0 + 27.81gC, (1)
F SRES:

HV =128.4 + 13.61gC, (2)
HER + ANLEZC

HV = 133.7 + 19.51gC, (3)

ZHEBXR, B + ATBRRIE T 7 53RN 5
SRR R TR TLEE, 4R T A S R BE v, X SR
B T 4 h B THOWL 4L U 3 A K

Bl 10 WA LEH AR + ALEEUSH DSC 4
PR R, ST 0 YRRV AR Fr Ve (R 3 B % Vs T AR 5
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X7 AU B, 5 VSRR A R R R A 5 T e g T A
e RITIE AR R ARR O, WA 102 TTLLE H, HEH
VoA AR IR, V(R BE T, X UL 0’ WRAARR R
B, N THEUE o WRHE A MU Ve R B T H AR
+ NTHPSH, XU ER + ATRBURE o AR
SFEUB. X ELER A 6 MK T FPEASMT B A
10b FTLA Hy, HERHIEE A REAR, IR/, XU 7'
TERA AR B, 50805 T B FEAGAR . (18]
9). FERERHIERMEMA (KT 300 C/min), AT
BRUR IGTE R T R + AT, VissTES o
TERAAEY R, R R i 2RI IR
Bl (/NF2y 300 C/min), A THRUEIEEFR/NTH
R+ NLERH, VEMIRTE S o R & R AR, A
BEHAR, X S8 9 FhusE R —3 M 10a fl b e
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PNER:y ¢

T =191.8 — 0.00538C, (4)

S =-22+10.7gC, (5)
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Fig.10 DSC analysis result after aging
(a) peak temperature vs cooling rate
(b) peak area vs cooling rate
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K, T2 0 MIEMIERIIEEIREE, S 2 o MEfHIER
WETEAR. WL, 0’ WARAHVE R IR SR AR A
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0.9985 1 0.9885. [ 9 HHiRi EEH G HLM R 5K 10
HIGTET R & LR s 6 I A R A BN, 3=y 7
WA BRACEORER T SR ECE 41, B H5HRH
AR

7055 S RERERIL S &, EEOHE)ERERH
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