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Precipitation structure and mechanical properties on peak-aged
Al-Zn—Mg alloys including different with some Zn/Mg ratios
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Hiroyuki TODA™*** Kyosuke HIRAYAMA™****  Kazuyuki SHIMIZU**** Hongye GAQ™***
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Al-Zn-Mg alloys with different ratios of Zn/Mg have been investigated to understand the influence of the Zn/Mg
ratios on age-hardening, microstructures and precipitates. Alloys containing higher ratios of Zn to Mg revealed
higher peak hardness, ultimate tensile strengths, 0.2% proof stresses and higher number densities of precipitates
per unit area. A square shaped T'-phase has been observed in the matrices of low Zn/Mg ratio alloys aged at 423K
with the aid of transmission electron microscope (TEM) images and its selected area electron diffraction (SAED)
patterns, while SAED patterns of #” and/or #-phase have been detected in high Zn/Mg ratio alloys. When ag-
ing temperature is lowered to 393K, #'/n-phase have been again observed in the matrix, though no T'-phase was
detected in low Zn/Mg ratio alloys. The aging condition in the present work has turned out to be on over aged
condition for low Zn/Mg ratio alloys with coarse precipitates of T'-phase in the matrix, because those alloys at-
tained lower peak hardness, tensile strength and higher elongation than high Zn/Mg ratio alloys which have fine
n’/n-phase.
(Received June 24, 2016 Accepted October 16, 2016)
Keywords: aluminum—zinc—magnesium alloy; age-hardening; Zn/Mg ratio; precipitation; transmission electron
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Table 1 Chemical composition of alloys.

Zn Mg Zn Mg | Total |Zn (at%)/

(mass%) | (mass%) | (at%) | (at%) | (at%) | Mg (at%)
ZM14 2.5 3.8 1.0 42 52 0.2
ZM24 4.2 3.1 1.8 35 5.3 0.5
ZM33 6.1 24 2.6 2.8 5.4 0.9
ZM42 7.8 1.6 34 1.9 5.3 1.8
Zn41 9.4 0.9 4.1 1.1 52 3.7
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Fig. 1 Calculated isothermal section of phase diagram in
Al-Zn—-Mg system at (a)393 and (b) 423 K.
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Fig. 2 Age-hardening curves of alloys aged at 423 K.
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Fig. 3 Summary of tensile test for peak-aged alloys at
423K. (a) U.T.S. and 0.2% proof stress, and (b) uniform
elongation and total elongation.
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Fig. 4 SEM images of fracture surfaces obtained for alloys
peak-aged at 423K. (a) ZM14, (b) ZM24, (c) ZM33, (d)
ZM42 and (e) ZM41 alloys.

Fig. 5 TEM bright field images obtained for alloys peak-
aged at 423K. (a) ZM14, (b) ZM24, (c) ZM33, (d) ZM42
and (e) ZM41 alloys.
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Fig. 6 SAED patterns obtained for alloys peak-aged at
423K in Fig. 4. (a) ZM14, (b) ZM24, (c) ZM33, (d) ZM42
and (e) ZM41 alloys. (f) Key diagram of SAED patterns.
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Fig. 7 Summary of microstructures obtained for alloys
peak-aged at 423 K. (a) the relation between the ratio of Zn/
Mg and (a) the number density of precipitates per unit area,
and (b) width of PFZ. TEM bright field images of grain
boundaries obtained for (¢) ZM14 and (d) ZM42 alloys.
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Fig. 8 Age-hardening curves of alloys aged at 393 K.
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Fig. 9 Summary of tensile test for peak-aged alloys at
393K. (a) U.T.S. and 0.2% proof stress, and (b) uniform
elongation and total elongation.
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Fig. 10 SEM images of fracture surfaces obtained for alloys
peak-aged at 393K. (a) ZM24, (b) ZM33, (c) ZM42, and
(d) ZM41 alloys.
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Fig. 11 Results of TEM images obtained for alloys peak-
aged at 393 K. (a)—(c) bright field images, and (d)—(f)
SAED patterns. (a) and (d) ZM24, (b) and (e) ZM33, and
(c) and (f) ZM42 alloys.
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Fig. 12 Summary of microstructures obtained for alloys
peak-aged at 393 K. (a) the relation between the ratio of Zn/
Mg and (a) the number density of precipitates per unit area,
and (b) width of PFZ. TEM bright field images of grain
boundaries obtained for (¢c) ZM24, (d) ZM33 and (e) ZM42
alloys.

(2 Zn/Mg JesE < 70 B LG 22 o MADSKENAT P & L TR

SHTH L7225, #ide L TCPFZOIED L % 5o B
T HAHIH L T % 2 & CRESRIN O REE & PFZ N OB
EDENPREL o722 WS, RFHIEDTEZ 7 > Tl
U L7zeEz0N5, 7B, SRIOWZE TR Sk 7
oWy, F722N6I3AEETE TR UG 2O
FIZEES Loz Zn/Mg LD ZALIZAE S Hr i O FEH O
ZAbiL, HALHAE 472 ) OFT B OREREIC O EEL, oM
F 7203 DT T 5 Zo/Mg LD WA SO Y O B
L, THIZHFAET 2 ZnMg iR WEEDZF 1 & LKL T
BWHTH - 72,

PLED X 912, Fig 1R L 72 FHPIREE R _F Co+T A FH I8
ICHEFEL, HD423KDOY — 7 s CTHIAEICHE SN
In/MgILDOBEWAEIZB W T D, ERhE % 393K LK< ¥
HZ LT, y ME T RIS D 2 EHL 2
E Y, Zn/Me ILIZARE L CT MO HEIZIE gy B 5 W idy, #
ABG-F B AT REME ARG S 7z,

4. ¥ B

Zn/Mg Lt % ZE AL & & 72 Al-Zn-Mg & 4 % 393K, 423 K B &)
WL AR SIE, RS F CRER LT IRRER, ZREIE
TUAMEEIC X A MBI 2T 720 IBONTHEREZENT S

167

EUTOEY TH A,

(1) 423KERhCIE, ZoMg LD BINIZ VIR m il S 0
i R 2 EBAE SN Ml & etk ThliRMER %
To7ofER, ZoMgiEATE L b L L A ICHRETIERS T L
HL, MO L. TEMIC X 2B o5 zM14,
ZM24 & TIETHA, ZM33 E&Tldy HE 72 dy 4, T
25, ZM42, ZMA1 &4 TlEy HF 721k B S, Zn/
MgIEATE K 7 B & & DICZEN S IEEEELT 2 EEA S
N7z,

(2) 423KBFR) TR S F CTH%D L 72 %440 TEM 8l
ZIZED, ZoMglE AR R 212 oN T, Hribids®wE
b3 B HEAE SN2 PFZIRIE ZoMg S m e B & &)
2Bk e B Sz TS OMEMIZ33KERTH
FEETdH o720 SAEDKIE & ) W O 53-8 % 4T o 72468,
ZM14,ZM24 & 4TI T H 25, ZM33 & a Tldy M £ 7213y
M, THANRIEL, ZM42, ZM4A1 &4 Cldg M & g M H BigE
aEN7z,

(3)  ERRDILEE 393K T, ZM24, ZM33, ZM4A2 & 4&l2 B
Ty ME 7S OB EATE SNz, L CIZzZM24 A
EITBWVTIE, 423K THERR S 72 T'HH D SAED TR 13 e R2
SN nolze T2, 393KEFRNTDZM33 &4 D R Rh )i
OO DOWIMIGP YV — Y DF5IZL b0 LI R
726
E

KRWFFEO—EHIL, IST [WIFERCRIEFHEIE SR L
e 70 75 A 12Xk o TiTbNz, $72, BEEES
=, PH2THEEEILRPFZREEEE O T2 W22 w
7oo MREL CRliME 2 R4 5. F/2, EBIZHD LR
Bese (BUE - (EAELER) 76 RPEE, SRS, AHE
BEIEHT 5.
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