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0.07Sc¢-0.06Cr-0.06Ti-0.08Fe-0.06Si(Jii &7 %1, %). %f
FITAS 852 E4T (350 °C, 6 h)+(470 C, 16 h)¥2J1LiB Kk,
W B K G M8 BE AT B R AT N TARER, HELL R
20.3:1, 2% EAN 30 mm HEEE, RGN TRER
N 25 mm, KFER 160 mm [FIEE 4 A A S KGR,
FEAE SRR RE B3 &6 54 154 304 504 100, 150 mm
AR\ K B 3 A LA

1.2 R FHE

WAEEAT 470 C. 1 h [ENAALEE, SERPE R 2
CK-I-2 Iyl Ba Lk, mEEWE 1 iR, 8%
KIGIRFEHEAT (120 °C 24 h) IR AL FE, /K 5
mm FFAEEERE 8 mm & H AT R, BT,
T FAX 2% MHBS—3000 %5 5 A [CAEEE U1, BT

g d30mm
| I—
|2 2
d26 mm|
d25 mm|
g
g
(=}
-
iy E— ~
o
d12.5mm
B 1 AR ks 5
Fig. 1 Schematic illustration of Jominy end-quench (JEQ)
test
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Fig. 2 Cooling curves(a) and average cooling rates(b) at

different positions from quenching end
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Fig. 3  Brinell hardness(a) and strength(b) at different

positions from quenching end after aging treatments
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Fig. 4 XRD patterns of as-aged samples at d of 0 mm, 35 mm,

75 mm, 126 mm of end-quenched bar
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P it v A AR i S A (] P 5 7 B A AN [R] VA A T
TS AU LT R & 5 s FEREE T AL B C
D ri#t4T EDS 73t Haptrai Rk 1 frox. MK
ST LAE H, HAEEER v KT 1800 ‘C/min i,
B 1 /NE A A AIEARS, A B EREOR AT A
2 ¢=35 mm, v=202.8 ‘C/min I}, 7£FA4HBEY]
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Fig. 5
(c) 131.2 ‘C/min; (d) 120.6 ‘C/min

R A[EAENE AR G BUSE I EDS 704528
Table 1 EDS analysis results of solution samples at different

cooling rates

Mole fraction/%
Position

Al Zn Mg Cu Fe
A 79.89 1.49 1.70 11.15 5.77
B 94.41 3.56 2.04 - -
C 93.15 4.75 2.10 - -
D 76.94 - - 7.85 4.22
E 91.72 5.55 2.73 - -

131.2 ‘C/min B}, ghFA0HTH IS ZAHAR K, IR,
TEf A AT H T RSHECR /NS 4, 2 d=126
mm, v=120.6 ‘C/min I, §hki 34T H 58 AR AR
R, B 5()~(d)Fin. H EDS 2 4fral A, #)
A EECNR R A4S D ) S AR
& Al. Zn. Mg 3 FocR(B. C. E S)in. HkAf
W, AT 9 MgZn, #H 5 XRD 45 AR R .

2.5 TEM &R
E 6(a)~(c)FT7n NA S AR FNI8CR &4 T AE
MRS AT AR . B 6(a) TN, A EIER

SEM images of solution specimen subjected to different cooling rates: (a) > 1800 ‘C/min; (b) 202.8 °C/min;

T 1800 °C/min B, B4 BB Als(Se,Zr)Ri 41,
BEARNE MWL, BEAIEREM, &
v=131.2 “C/min B}, & A0 LAE 207 B K SR P 1l
FHUTE 6(b) AT, “FIJKELE 98 nm it . 456 SCik
FE 6(b)RE R AT AT N, A RSP A o P AT AH
%y FEEZE 120.6 C/min i, 4P g A EESE0,
KF] 134 nm A, [FI AT DUWEESEIEE 4RI 1)
Aly(Se,ZDRi T A T n SFETAHI I AZAZ O

Bl 7(@)~(D BT A& S TEA A 2 5 464 A
a2 AT AR A e BB 7(a)~(c) T EN, TEANAA
HUEEE N, b A ERY 5150 A 5 /N TR BRI 58 A0, MK
7(a) i) FL AT AERE 0T LUE H 7(a) 4l /N A 2
B AU, BEE R EER RS, SN A g
SRACHIZREIR L, GP XATRAEAE . MR HE R E T
1800 ‘C/min I, » AHATHBEADHE], LT WEEA B
(1 n AHMIAZAE ;s 24 v=131.2 ‘C/min B, & A [FFEAT LA
BRI ELR 93 nm K FRF#H, HAE 7(b)
HH T T RT SRR T DU A K SOIR P 18 o P
e My FEZE 120.6 C/min I, &HH 5 FHEFFR
SPRREIEIN, JAF) 150 nm KA, B 7(e)~(DFTR .

Bl 7(2)~()FT s R SE I S TEAS [R] VA 1 2 24 1
TR SRR ES . BE 1), v>
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Fig. 6 TEM images and EDS analysis of solution specimen subjected to different cooling rates: (a) v>>1800 ‘C/min; (b) v=
131.2 C/min; (c) v=120.6 "C/min

BT S R H R B AR TEM (%
Fig. 7 TEM images of aged specimen subjected to different cooling rates: (a), (d), (g) v>>1800 C/min; (b), (¢), (h) v=131.2 ‘C/min;
(©), (D), (1) v=120.6 C/min




230 B 2 W

255795, & WA Sc(Zn)i ) Al-Zn-Mg-Cu & SR ALZ 71 5 ML AR 520 269

1800 ‘C/min B, &5 ERISE M4/ Hiks:, WA M
X PFZ [AFAE, FIOAAAER 7 S IR Aly(Se,Zn) ki,
JRSFLE 30 nm 247 . BHE W EERI R %, MR
TAHMAK RGN, AR AR ANIELE, PFZ MITERE
AR A HHER FFFZE 131.2 C/min I, PFZ % ¥
218973 nm; 4AHHEZFN 120.6 C/min I, PFZ %
FEZ149 160 nm.
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3.1 A RN AN T B

PRI RE R AR RO 2R — N ST A% AN
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HAT LARIR

I = cexp[—-AG" /(kT)]exp[-Q /(kT)] (2)
Kb ¢ NHEEG AGT NIERZBOERE: O NIERIET
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Q)T A, MRS T ER L mIRE T, B,
TN R B2 A S AL A T exp[-AG™ /(KT)] Fl
JE B LR R T exp[-Q /(KT)] Wi 4% BEST
RO TS, TELBERE AGT WG A 1R R
b EE AT ), BEEIR RN, 1A BN,
R HIAG™ HMESE K, exp[-AG /(KT)] FRHMBE 220 ;
IF BR80T PR SO i O BRI AR /NP, 24
HBE ETH,  exp[-Q KT B4R, TR
HERIRRWE 8 Fin. il EHE/N<250 C)If, B
AR FEZ exp[-Q /(KT)) ], TEAZT/IMEIR]IN R
T HUREN, TAEBRAL B E(>370 C)RY,
T2 exp[-AG™ /(KT)) F2i], JE T4 sk 3 KB
G IR R, RENRRERRE M, 2
SE A IZHMECLE G, T TEAZ 28 Bl 2 98D

Wik 6(a)fiR, %4 d=0 mm, v>1800 C/min K,

Temperature T,
B8 R SEEmRR"

Fig. 8 Relationship between nucleation rate and temperature’
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BTG FE R TE IR BT BN AR, 3 DATE Ak
faE iz, Bk, MECLHIUER 7 MH: 24 d=93 mm,
v=131.2 C/min I, Ff57E- IR BIE KR,
KT IGFEAZ BRI AEKR, B AKEY
98 nm MK 5 A, WK 6b). % d=93 mm,
v=120.6 ‘C/min, ARSI, 3007550
IR, RN TR KRR A i iU, A
S AT EHEREMNE 134 0om, W& 6(c).
[FI R HE R, SRR R, R, EB A dn i
TFRKR, CEKRMR oA, SEEEPR
FRNA—.

T dR At B8 AR P B E I = R G H
At G, Xy HHEETIAG ZAEK, WinT
MgZn, HrtH KN 77, FTbh, fEumyid g, ik
TEEKKR, K 5 fos. [EAESRZ, G321
e 9K g Aly(Se,Zry bl 7 AL A Lk, R 5N
MgZn, BT th %0, (HIERGEHE I RSP, NS
AL(Sc,Zoki T RANERH, ERJH B AL, H
mAedeE, MBS, WE 6(b)~(c)FTRN.
3.1.2  AEIE AT I T H 5

SRS, CEREARIEAT 120 'C. 24 h I R
H, (RS RAEBE, Txxx FG & T S
WP i AT [ AR (SSS) - GP [X — ' Hl —n(MgZn,)
o TERBAIIAE £ GP X, GP X & Wil
WA E PR, 5 Al JEPRE 4308, F e
PG H o Bt I AR5 ] R B R0 B 1 T, GP
X AT DME AR ST I B KR, ety 5 54
A A, AN, RSN a=b=
0.496 nm, c=1.402 nm®, [} R A 2k L FE K ol 5
FIEREE, BT T SE AT n(MgZn) A, n AR
NTT RS, MBS ECN a=b=0.523 nm, ¢=0.859
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nml, (ERTHOSTR, ARSI Ag R
SR E T S

Ag =KL | < 5)
Vat Ceq
}"* _ _2_}/ _ Zj/Vat (6)

Ag  kTIn(c/cyq)

X b NEIRREER, T NASHRE: v NUTIE
JEFARR, PR TR coq AEEETENETUREE: ¢
REAR TR EE sy NUTIE 5 R 8] R S T e
FTLL, AR RO R Ag AT BOAE X S 3R A G
WIRIKIE ¢ HR. USRS SR, w2t
(I BRI AL 2 RN, KT i
VS Sy N S 2720

24 y>1800 ‘C/min if, 120 ‘C. 24 h I AbFE )5
GaERN T KE 5 GP XAEAREHTH 7 AH.
WE 7R, BEAHEZ TR, mE 4008, &
ST MgZny A E 223G, FAR E R EE ¢
BN, BN FT Ag BN, IR P K,
NS E OT o AH I k>, (H GP IXATIAEAE,
Wk 7(a)~(c)Fia~: HE 7(a) TRTFAERE AT LLE
PR B S AR S MgZn, R BRSO pafik
Fs 7E AR AT LK MgZn, 575 B 240 7
VERFEEAZAZ A, R I 5, 4k 8 K A
I PFZ X, B 7(d)~(OFrr, B AE AR,
bFKK, S8 PPz 2748 %, Ho &R B PFZ M
30 nm FEALZE 160 nm, & 7(g)~() TR

3.2 REANREIHF MR

AR SCSER A L R IS B RN L A &, &
120 C. 24 h BT RUR R f5 & &R A TG, A REE
A, Wil 7 Bis. o GP IR /A 4 S SR AR S
R S, B SRIER, — BN e AR
BEAF FTRL, AERIBREER p AR B IR
KR HRTHN, SrHE— B LAIE R 1 )7 W8
g, FHE TR F7 0] R R AT
Ar, =af™r" @)
e o mMon NEEG IRTFRIERSEG r i
Fifkte. AL, Ar, RS R r K.

H1 & 7(a)~(c) AT A1, A EERI N R, R4
AR, R RO W R 98, HERE £, S5 Az,

N, NESTE G R AN, BT DAG 4 (1 R R 5 B el

AEIERE T ESFE g KA, W
T(d)~()o AT XEERH KA, S04 5 R HAEM
i, MECAEIEYNS, W ERL T RTZ PR, BEAE A
B 3G A AL RE SR DL ) g3, B
FIEAE, WA, HRfstsad ki,
PR, SRS AT A . LA Lk i 1
RN ST Ar W] Fom A

AT = ﬂfo‘sf1 )

Kb BTG R IIRRUS G r AR
BEAE AT r HK, PRI SV A Jko s, RS S 5
Bsl, SmARINIRTS. R RS — i, AR5
SRR, SRR, 1 0 A4k, (EARAR S FokE o
i VARRE o ol (0= 5 N B ) B (7 = v £ A ]
KR ARAAE G A SR8 B R T R R, HERH)
WM S Bk M S, 82 S 5 o e A
HEuR, KR TR, BRitkz 4, fEG A
FE BT H PR oy A R 20 R e R A L e 95 I )5
F, i PFZ % FE RN ZE 160 nm, SFEGERIAH AT
BI57, XA 4 0 1 S RE AV SR AE A0 25 U R
FTOAgE ERTR, BEEAEERDN, A&, 55
FERMZRk N, il 3 s

4 ZEip

1) BEEREHEZE v JKT 1800 C/min FREE
111 C/min, &4 ZM 150 HB Ji/NE 133 HB, #
From T e Ak B AN 2255 A 430 MPa. 373 MPa
1 13%, FBFEZ 375 MPa. 296 MPa il 7.5%. [FIH,
v KT 131.2 ‘C/min &40 LIHERE, WEREN
93 mm. FEWFFURIAHEARTEEN, PR A A
v BBk E S 4 2R ARNN

 1134.58788+31.46179d
0.34355d -1

2) BEEAEEE TR, 24 v>1800 C/min I, ¥
BAFEM AT n KAHIAECE, BEE A HHE R,
2 v=131.2 C/min I, &N LU RIPFEIRST 2008 98
nm KR 5 A 2y RS 120.6 C/min K,
fm A SPETARIG RT3 0, 183 134 nm £ 4.

3) FHEWEHER FFE, 24120 'C. 24 h IR0 #E
&, G4 g s>, PFZ ik % 160 nm.

d=5).
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Effects of quench rate on mechanical properties and
microstructures of high strength and toughness Al-Zn-Mg-Cu alloy
with Sc¢(Zr) addition

LI Fang-fang', XU Guo-fu"?, LI Yao', HUANG Ji-wu" %, DENG Ying"?, YIN Zhi-min"?

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Nonferrous Metal Materials Science and Engineering, Ministry of Education,
Central South University, Changsha 410083, China)

Abstract: The quench sensitivity of the Al-7.01Zn-1.39Mg-2.25Cu-0.07Zr-0.07Sc alloy were investigated by the Jominy
end-quench(JEQ) test, X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron
microscopy (TEM). The results show that, with the increase of the distance from the quenched end of the bar (d) and the
decrease of average cooling rates from 1800 ‘C/min to 111 °C/min, the hardness falls to 133 HB from 150 HB and the
tensile strength falls to 375 MPa from 430 MPa. When the critical average cooling rate is about 131.2 ‘C/min and the d is
93 mm, 90% of the maximum hardness can be obtained. As the cooling rate reduces, the microstructure change as follows:
the # equilibrium phase forms in the grain boundary and grained at different positions from the quenching end in the JEQ
process in sequence, the number of #’ strengthening precipitates decreases after aging, the width of precipitate free zone
near grain boundaries reaches up to 160 nm.

Key words: Al-Zn-Mg-Cu-Sc-Zr alloy; quench sensitivity; mechanical properties; microstructures
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