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Effects of Cu addition on aging precipitation behavior of
cast Mg-3Zn-xCu-0.6Zr magnesium alloys
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Abstract: The effects of Cu addition on the aging behavior of cast Mg-3Zn-xCu-0.6Zr alloys were investigated. The
morphology, number and type of the precipitates formed in T6 aging Mg-3Zn-xCu-0.6Zr alloys were determined by
optical microscopy, scanning electron microscopy (SEM) and transmission electron microscopy(TEM), Vickers-hardness
and X-ray diffractometry (XRD). The results show that the primary strengthening precipitate formed in the Cu-containing
Mg-3Zn-0.6Zr alloys aged at 180 is the lath-shaped pB;-MgZn, with its axis perpendicular to the base plane
(0001)pq, and the second one is the shot-rod shaped f-MgZn with its axis parallel to the base plane (0001)y,. The grain
boundary eutectic Mg+(Mg,Cu, CuMgZn) does change during the aging course. With increasing Cu content to 2% (mass
fraction), the precipitates increase and distribute dispersively, and the average sizes decrease. The addition of Cu can
enhance the solution temperature for the alloys, thus increasing the density of the vacancy which is supposed to play a
crucial role in the precipitate nucleation and hence in increasing the precipitation density. In addition, Cu can promote the
diffusivity of Zn in the Mg matrix, therefore facilitating the nucleation and growth of the precipitates. With increasing Cu
content the amount of ) -MgZn, increases, on the other hand, the amount of f-MgZn decreases with the increasing
consumption of Zn.
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Zn Mg 6.2% LEO1530vp
Mg-Zn Mg-Al (SEM)
(EDS) (BSE) X
] Mg-Zn Cu (XRD)  Philips X-pert Pro 40 kV
( ) Cuk, J=1.540 6A
(2731 Cu (TEM)
Mg-Zn 53¢ 11.16 g 500 mL 2-
4 Cu 100 mL 30 mL 30 mA
Mg-Zn-Cu =30 TEM JEOL100CX
Cu CuMgZn 4] 120 kV
Mg-Zn
3-8 150 Mg-Zn-Cu 1
Mg-Zn Table 1 Chemical compositions of Mg-Zn-Cu-Zr alloys used
- - GP By - Alloy Zn Cu Zr Mg
(0001 )nmg Bi( MgiZn7) - Mg-3Zn-0.5Cu-0.6Zr(A) 294 047 056 Bal
(0001 )nmg (0001 )nmg B -MgZn, Mg-3Zn-1.0Cu-0.6Zr(B)  2.89 095 048  Bal.
- BMgZn  Mg,Zn;) Mg-3Zn-1.5Cu-0.6Zr(C) 291 151 058 Bal
Mg-Zn-Cu Mg-3Zn-2.0Cu-0.6Zr(D)  3.05 2.06 053  Bal
Mg-Zn-Cu
(T6) Mg-3Zn-xCu-0.6Zr 2
Cu Mg-3Zn-xCu-0.6Zr
2.1
T6 1
2 1
1
180 40 h
A 180 20 h
5.5 kg 63.63 HV,
10.42 HV, B 180 12h
Mg-28.78Cu  Mg-31.63Zr SF
(ICP) ( ) 66 s
1 64 s—Alloy C
440 24 62 "—Alloy D
h 180 0~72 h - 60
MgO E 58
561
HV-1000 54
098 N 15s 52 i
10 0 5 10 15 20 730 40 50 60 70
1500* 3 Aging time/h
1 Té6
3%HNO; Fig.1 Curves of Vickers hardness vs aging time for alloys A,
Leica DMIRM/DFC320 B, C and D by T6 heat treatment
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2 XRD
Table 2 Hardness HV,; of magnesium alloys at different
aging states A p-MgZn
HVy; 3
Alloy As-solution Peak Hardness D f:-Mgzn,
As-cast hardness Increment, 3 ﬂé -MgZn, Cu
treated
at 180 as-solution treated
A 52.18 53.21 63.63 10.42
B 51.68 53.23 64.26 11.03 23
C 52.36 53.44 65.12 11.68 3 3
D 55.66 54.53 59.01 4.48 GB/T 6394—2002
(&)
64.26HV, C 180 16 h (na) Cu
65.12HV,, Mg
11HV,, D
180 24h 59.01HV,, XRD SEM  EDS
4.48HV, D Mg+Mg,Cu+
7Zn  Cu CuMgZn
Zn  Cu " Zn  Cu ® 1
Zn Cu
22 X
) XRD Mg+Mg,Cu+CuMgZn
) 4 Cu
CuMgZn Mg,Cu
p5-MgZn,  B-MgZn CuMgZn
Mg,Cu S5 -MgZn, 3
p-MgZn 9] (n2)
Table 3 Grain size level (G) and average grain number per
. . . . = " Mg square millimeter (n,) of cast Mg alloys
*—CuMgZn )
+—Mg,Cu Alloy G n,/mm
. . '::gmﬁfﬂ A 34 84
ToE ! Wi JJ% vo u B 3.8 107
C 4.3 157
LML Il D 47 195
(b) L — JJ IR 24
o L LDl
20 30 40 S0 60 70 8 90 SEM EDS
20/(°)
2 XRD Cu
Fig.2 XRD patterns of Mg-3Zn-xCu-0.6Zr alloy after ( 4) EDS (
peak-aging: (a) Alloy A, aged at 180 for 20 h; (b) Alloy B, 4(e)) Mg Cu Zn (
aged at 180 for 12 h; (c) Alloy C, aged at 180 for 16 h; 4f) Zn Cu I:1
(d) Alloy D, aged at 180 for24 h Mg+Mg,Cu( MgZn
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Fig.3 Optical micrographs of cast Mg alloys: (a) Alloy A; (b) Alloy B; (c) Alloy C; (d) Alloy D

) CuMgZn
XRD
Mg+(Mg,Cu CuMgZn)

Zn Cu
4(d)
D
Zn Cu
( 1)
2.5
[01 10y [0001]yq 4
T6 TEM (
5 B=[0110w( 5 (©) (& (2)
4
B -MgZn, B=[011 0],
5(b)
(0001)y1g 5@ (© (e (g

50~200 nm A
(0001 )y,

B3 -MgZn, B-MgZn( 5(a)
) B (
5(c) ) CD
37 Mg-Zn
(0001)ysq B -MgZn,
B=[0001]\e(  5(b) (d) ()
(h))
B -MgZn,
5(a)( A)
( ) By-MgZn,
2
( ) Br-MgZny 5(b)
B -plate), [5-6] <
B5-MgZn, ( 5(b)
) 5(a) p-MgZn
(
) (11 2 0)wmg
[0001]]me 6 )
M 5(b))
5d) (b B3 -MgZn,
(01 10y (011 O)ngg



20 8 Cu

Mg-3Zn-xCu-0.6Zr

1491

f)
Cu Element w/%  x/% Cu Element w/%  x/%
Zn Mg 3439 58.17 Zn Mg 4321 66.62
Mg Cu 31.16 20.16 Mg Cu 50.13  29.57
Zn 34.46 21.67 Zn 6.66  3.82
Total 100.00 Total 100.00
Cuzn Cu
, N\ “ — Aiiun. .
2 -+ 6 8 10 12 2 4 6 8 10 12
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4 SEM EDS

Fig.4 SEM back-scattered electron images and EDS spectra of solution-treated Mg alloys: (a) Alloy A; (b) Alloy B; (c) Alloy C; (d)

Alloy D; (e) and (f) EDS spectra corresponding to boundary eutectic phases e and f'in Fig.4(d)
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Fig.5 TEM images of peak-aged T6 state alloys A ((a), (b)), B ((c), (d)), C ((e), (f)) and D ((g), (h)): B=[01 1 0]y, for (a), (c), (e)

and (g); B=[0001 ]y, for (b), (d), (f) and (h)
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