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Abstract

In this study, precipitation characteristics of
two Al-Zn-Mg-Cu alloys, MOF, with lower
Cu/Mg ratio, and M9G, with higher Cu/Mg ratio
were investigated. Both alloys exhibited obvious
precipitation hardening under natural aging, and
possessed good thermal stability under 120°C
artificial aging. Both GPI zones and 1’ phases
could be found at the early stage of 120°C / 6h
artificial aging and these precipitates were also
the main strengthening particles at the peak
aging condition (120°C / 24h). While GPII zones
did not be found in our study. Therefore, the
formation of 1’ phase in both alloys could be
transformed from GPI zones or directly
precipitate from the matrix. The Cu/Mg ratio
showed less influence on the size distribution of
the round precipitates presented in both alloys,
while great on the elongated ones. Elongated
MOG had

precipitates in greater

length-to-thickness ratio and presented in
plate-like shape. While lath-like in M9F. The
geometrical difference in the elongated
precipitates between M9F and M9G could be
attributed to Cu/Mg ratio. Higher Cu/Mg would
introduce greater lattice strain field during

precipitation, thus, the formation of plate-like



shape could greatly reduce the strain energy.
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Table 1. The chemical composition of M9F and M9G alloy.

wt% |Zn | Mg | Cu |Fe Mn | Ti Si Zr Sc Cr Al
MOF | 8.55]2.65]248]0.04 | 0.03]|0.02|0.04|0.1 |0.06]|<0.01|Bal
MOG | 852175123 |0.05|0.02]|0.04|0.04]|0.13 | 0.06 | 0.15 Bal.
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Table 2. Calculated Cu/Mg ratio of M9F and
MOIG alloy.

Cu/Mg atomic ratio
0.358
0.503

MOF
MOG
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Fig. 1. OM microstructure of the rolling surface of (a) M9F and (b) M9G after solution heat
treatment at 485°C for 1.5h; (¢) M9F and (d) M9G are observed at higher magnification by

utilizing TEM; (e) the impurities presented in M9G..
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Fig. 2. Natural aging hardening curves for

MOF and M9G.
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Fig. 3. Aging hardening curves for M9F and
MOG artificial aged at 120°C.

[UF IR 3 > S F i 100h FRRES HRGHUET
“[1> 100h~400h RI% ST V[R5Z > 400h J‘J f‘é’ap %
ST upf e > SIS 18000h FRIE 554 3 Lk
0 e Wﬁ?‘” i
T Cu IR GP Zone £ 7% > EIFICET
e N N e RS
5Y3 [{/E3 MOF 12 M9G (& 120 C 35
(RS < Py 1 2257 24 % R LR
Wny&@@@%%fT*@f&2“hm*
FEFY AR 55 SRR - f“\’fJT%Eﬁ il
¥R > 9 480h > Y fE[VIRE SR TR F e fy
RS i 8 T 12000 T A S
o PGS UT\F’j Cu iV Al-Zn-Mg £ [



’;. = B~
ElLg)
. —

A
N

LY ¥ yl
i‘-;;ﬂ‘
B S 4
: ¥

P
-

N
¥
g r-’d

Fig. 4. TEM micrographs show the matrix precipitates of M9G aged at 120°C for various time: (a) 6 h,
(b) 24h, (c) 96 h, (d) 240 h, and (e) 480h. All the images were obtained at the <110> zone axis.
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Fig. 5. TEM micrographs show the matrix precipitates of MOF aged at 120°C for various time: (a) 24 h,

(b) 96h, (c) 240 h, and (d) 480 h.. All the images were obtained at the <110> zone axis.

Table 3. Size distribution evaluation of the

round and elongated precipitates in

the M9F and M9G alloy by TEM

examination.
(unit; nm) 24h 96 h 240 h 480 h
MOF souna 35 4~6 4~12 7~18
M9Giound 3~5 3-8 4~12 424
MOFongued  5~6/1~2 5-8/2  6~13/2~3 15/4
MOGumges  6~11/1~2  T~12/1~3  8~22/1~3  10~22/2~4
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Fig. 6. SAD patterns of M9F and M9G after T6 temper: (a) <100>, (b) <112> and (c) <110> zone axes

for MOF; (d) <100>, (e) <112> and (f) <110> zone axes for M9G.
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Fig. 7. <100> zone patterns of (a) MIF and (b) M9G alloys aged at 120°C for 240 h.
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Fig. 8. SAD patterns projected under various zone axes: (a) <100>, (b) <112>, (c) <110> zone axes for

the M9G alloy aged at 120°C for 6 h; (d) <112> zone axes for the M9G alloy aged at 120°C for

480 h.
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Fig. 9. The bright field of TEM micrographs for (a) M9F and (b) M9G after T7 temper (150°C/96 h);
(c) and (d) is the dark field of M9F and MOG, respectively.
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