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Creep mechanism of Mg-5.5Zn-2Gd-0.6Zr cast alloy
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Abstract: Mg-5.5Zn-2Gd-0.6Zr cast alloy was designed on the base of Mg-5Zn-0.6Zr (ZM-1) alloy by adding Zn and Zr.
The experimental alloy samples were prepared by sand casting. The creep curves of the experimental alloy were tested
under different temperatures and stresses. The results show that the creep resistance of Mg-5.5Zn-2Gd-0.6Zr alloy is
much higher than that of the ZM-1 alloy. The creep activation energy (Qago-2s0 ¢) of Mg-5.5Zn-2Gd-0.6Zr alloy under the
stress of 40 MPa is equal to 142.0 kJ/mol, closing to the self-diffusion activation energy of magnesium, which shows that
the dislocation climb plays a dominant role in the creep process of the experimental alloy at stress of 40 MPa. However,
the activation energy (Qap0-250 ¢) of ZM-1 alloy at stress of 40 MPa is only 88.5 kJ/mol, closing to the grain boundary
diffusion activation energy of magnesium, which means that the creep mechanism is grain boundary slip. The stress
exponent (n) of experimental alloy at 200 °C is equal to 4.21, while the stress exponent of ZM-1 alloy is 2.21. This also
indicates that the creep mechanism of Mg-5.5Zn-2Gd-0.6Zr alloy at 200°C is dislocation climb.
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RO INER 1.

F1 RBEEMLEED
Table 1 Chemical composition of experimental alloy (mass
fraction, %)

Zn Gd Zr Mg

6.11 2.19 0.50 Bal.
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Fig. 1 Detail drawing of creep specimen (mm)
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Fig. 2 Creep curves of experimental alloy at 250 ‘C and
different stresses
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Fig. 3 Creep curves of experimental alloy at 200 ‘C and

different stresses
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Fig. 4 Comparison of creep curves of experimental alloy and
ZM-1 alloy at 250 C and 40 MPa
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Table 2 Creep rate of experimental alloy and ZM-1 alloy

under different temperatures and stresses

Allo t/ Stress/  Creep strain/ Secondary
Y C MPa % creep rate/s '
40 0.12 1.27X107°
50 0.26 4.56X107°
200
60 0.44 9.73X107°
Mg-5.5Zn- <
69 0.55 1.20X 10
2Gd-0.6Zr
40 1.57 4.00X10°°
250 50 1.64 5.61X10°¢
60 5.200 G 2.41X10°°
40 0.12 1.67X10°%
175
50 0.50 2.85X10°°
30 0.97 2.87x10°%
ZM-1
200 40 1.80 4.22X10°
50 2.80 9.07x10°%
250 40 6.64" 15D 3.62X 1077

1) Creep rupture before reaching 100 h.

3PN ) o fHE 4 AF Rl Q) THEAT
FUPRIAEAN [F] I AR U B2 Y [ P SEB 5 0 ZM-1 4211
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il
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S A ZM-1 541 Ing —Ino MiZk. HIE 5]
DL 3, RS AR T 5 R N g i $5(e 2 i) A A 2k
KE, HZIG R4 200 CH Mg-5.5Zn-2Gd-0.6Zr 52
A4 WIN IR B n=4.21, T ZM-1 &4:7E 200 CH
RIS 1455 n=2.21.

R3 AEEEN DM NER G SN ZM-1 &S AEAN R
i [ P PR A e
Table 3 Creep activation energy of experimental alloy and

ZM-1 alloy at different temperature ranges and constant stress

Allo Stress/ Temperature/ Creep activation/
Y MPa C (kJ-mol )
175-200 65.4
40
ZM-1 200-250 88.5
50 175-200 81.6
Mg-5.5Zn- 40 200-250 142.0
2Gd-0.6Zr 50 200-250 103.3
n— ZM-2
~16 re— Mg-5.5Zn-2Gd-0.6Zr _
17} M
& 18t
E
_19 -
_20 L
3.4 3.6 3.8 4.0 42
In(c/MPa)
5 200 ‘CF Mg-5.5Zn-2Gd-0.6Zr il ZM-1 fllné— o
it £

Fig. S Iné —Ino curves of experimental alloy and ZM-1
alloy at 200 C
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H4Ar 200 'C. 69 MPa 45F FIAZ 100 h 51 TEM
B HIE 6 FTLUER, s B R B AE B BRI
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Fig. 6 TEM image of Mg-5.5Zn-2Gd-0.6Zr experimental

alloy after creep
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