TEEETEET R

E.%
MREEX
TUTELTEE TR RO
it 4l

G567 7% 520y (2017). 41-48

Al-Zn-Mg & @ DFFHEILIZ M AT THEAILEEED

AT G

HZ AR *
e

E RV A Sl NI ) i R

Journal of The Japan Institute of Light Metals, Vol. 67. No. 2 (2017), 4148

¢ 2017 The Japan Institute of Light Metals

Effect of quenching rate on age hardening in an Al-Zn-Mg alloy sheet™

Hideo YOSHIDA**, Takero WATANABE™* and Hidenori HATTA®*

The effect of quenching rate on artificial age hardening in an Al-6.0% Zn-0.75% Mg alloy sheet was investigated
by changing the quenching rate like water quenching (WQ). air cooling (AC) and furnace cooling (FC) followed by
pre-aging at 20°C and then artificial aging at 120, 160 and 200°C. In pre-aging at 20°C for 10080 min, the quench-
ing rate little influence the peak hardness at 120 and 160°C aging. However the peak hardness at 200°C aging of
a sheet quenched by WQ and AC is lower than those quenched by FC regardless of the holding time at 20°C. In a
long pre-aging at 20°C, many GP(I) zones are formed during pre-aging at 20°C even if the cooling rate is as slow
as FC. These GP(I) zones transform into GP(Il) ones which quickly transform into 5" phase during heating or ag-
ing. Therefore the strength of a sheet quenched by FC followed by 120 and 160°C aging is as high as those by
WQ and AC. However these GP(I) and GP(I1) zones dissolve by reversion during heating to 200°C. Therefore the
strength of the sheet quenched by WQ and AC followed by 200°C aging decreases. On the other hand. it is consid-
ered that stable clusters or unknown GP zones form during FC. which did not dissolve up to 200°C and transform
into ;7". Therefore higher strength was obtained in FC at 200°C compared with WQ and AC.
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Fig. 1 Influence of the additional elements on the quench
sensitivity of Al-6 mass% (2.5at%) Zn—1.8 mass% (2at%)
alloys. Specimens were aged at 120°C to the maximum
hardness after water quenching (WQ) or the furnace-cool-
ing (FC. 15°C/min)"".
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Table 1 Chemical compositions (mass%).
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mass% <0.01 <0.01 <0.01 <0.01 0.76 <0.01 5.99 <0.01 <0.01
. Solution heat 140
Hot rolling . 6 .
5 treatment - : -
400°C, 10pass e : Artificial aging Pre—aging : 20°C-10080 min owa
450°C-60 min ) ) 120
25mm'->2mm’ in an oil bath BAC
A 120°C S pie
v 160°C T 100 ﬂ L 1o
8 ® 200°C - s
L N FC(0.33°C/min) 8
VAC N g 80 R
q §180°C/mMm) °
ol g 20120, 10080 mi
12pass e min 5 40
2mmi=>1mmt > %
Fig. 2 Conditions of rolling and heat treatment for the 20
rolled sheets of an Al-Zn-Mg alloy. 0 ﬁ
120°C-1440 min 160°C-500min  200°C-50min
7. FOF, FEA20°C (2T 10080 min 00 J IFE 1] o> 1 il IF§ Artificial aging
Ky (Pre-aging) felz. A A b /3 7\_’5 i w2 7T 120°C-1440 min, Fig. 3 Effects of quenching rate and artificial aging condi-
160°C=500 min, 200°C-50min T A [ILf ’i}) (Artificial aging) % tions on the Vickers hardness of the sheet pre-aged at 20°C
fiti L7z 160°C (22 W TIZILE D 72812, 20°C T 120min for 10080 min.
BT %D 4. 160°C—500min A LIHERALER L 7 #
(s 72 N OREHZ DWW T, By h— Al S f*v"NIJ 140
L7z F 720 160,200°C TO N IRERD IR & 3 2 72 151 Artificial aging
KL Bk, 7R, Bhgy L 72alE 2. 20°C T 120 min 160°C-500min
L 10080 min T JHitE . 160°C & 200°C TREIEN] 2 2 2 Z 100
e F TR < P g L L + =~
TANLRERYAL L ol (IS 13B 4allihy) & fro7: @
X500, AT HRBIOMIT O 7. A7 2 b 2 ¥ —H £ %
W 7y~ 7 AY ORI & ZE0EAH5E, Perkin-Elmer S 60
# 3 od Pyris 1 DSC 12 & 273 AL AR B0 HT. 1AL - JEM- g
201012 & 2B M IS 1o 72 3 40
>
0
3. 8% R 2 3
Kb, ZEd L Wit 0 -
Fig. 312 /K& F. “Ein#f. Wi 1220 T 120, 160, 200°C
R e R ’ T 120 min 10080 min
'g’l’f[",t'll.fhx_l, A I,”.f 'A}) L 72 f’,{(/) Eyh—Ai&dx e B ¥ v o,
T 0 o ~ Holding time at 20°C
W D AR O M5 5. 120, 160°C EZh 4 TlE, Hid i . . s . : o
O IEAS K 0 95% CHEHE D FEEREE L & [ L ki Fig. 4 Effects of quenching rate and pre-aging conditions

on the Vickers hardness of the sheet aged at 160°C for
S00min.

H'. G EIZEN DLV E R D 200°0C IR TLE
_ ATE ARG, B EA L S EAYh o

7z 2 ofdlngix Flg.-hL/J\‘TJZ A L2 R[] 0> = i3 il IR 2 PO 2 AALT, SR & N TR A KL Tv b
160°C TN LHERD L 7235 5 b [l Ul 2 s L7z, —#EI2, BE BEAALI % (As quenched) OUfiIEIL, =i PryFIRER] (2 A A
AAUBEDOGEHIHIEA K E IR 2, MBS NE R D DoFHIRMm S, L b1 HEMAKEM R Gz
AT o N N M ‘J)mr/)g BEASEE e D EEZSNTVWLHA, K NRTEHnZ Db A 2 i FilikEE To bz L T,
GaEAIZB VT, BRI ‘,t S TIEEHILEEE Oy /)y Z i Fig. 5 Cz% L 7298 ikt 1 0 B5 &) 708 BIRE [ 0> By {,‘I: (. /J(i}? i
W Hm:i»*J%‘;m/)ao»g: Lavha ), ERIIC L LEN TR LT L0, HEHTIZIZEAY 1 L%

2O EEL WA S V. Fig. 6T Con L7z &9 (2= PR gh A LI J Cli&, fl?—l({

ZFZ T, 25(2160°C & 200°C THERN ML MHITTHEA HMEEIZ Db 63K E e i 2 s L mosommfv"z:;
TOHEHIFIO _rlle({i.:»;*/g/ B2, 160°C £ 200°C D EIZIEE ClIEIZ 2 2 2 b A D N TR RO 5 IE 21
glofesd & 2 if )y oA LA WA L 72 Fig. 53 £ UFFig. 6 L, i P A B oM. K, 226 H Tl
T ZFNFAE i j'f’mluﬂm‘ 120min £ 10080 min D {5122\ 160°CHER T 72 AT L 72 1%, R b 4. BT
T, 160°C ’C‘(/)‘}l‘ﬂé'}ﬁ'i?. il )3 DRERY 2L e L T35 54y IZBCIEW ST, FoF FHEMMAILL . KiSHRii &
D AR Ze k. A AEIERD (Pre-Aging) {412 Dhglpfesd =, i) L@ IRIE A R ST IR A




Pre-aging : 20°C-120 min

© — ——\WQ -E-AC ——FC
% cOeWQ OAC  +O-FC
= 250

=

oo

@9 200

7

S »n 150

Q=

>

Tg‘ 100

1+

<@

i 50 f

[«)

}_

As Pre-
Oiienched Aging 10 100 1000 10000
Aging time at 160°C /min
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Fig. 9 Effects of quenching rate and pre-aging period at
20°C on the change of electrical conductivity in Al-Zn-Mg
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Fig. 12 TEM structures (as-quenched) formed during furnace cooling, a) bright field image and b), ¢) high resolution images in

[001] zone axis of Al matrix.
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