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Indentation creep resistance of AE42 alloy
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Abstract: The indentation creep property of Mg-4Al-2RE (AE42) alloy was analyzed with a special apparatus. The
microstructure and compositions of precipitated phases were performed by scanning electron microscope (SEM) with
energy dispersive spectrometer (EDS) and X-ray diffractometry (XRD). The results reveal that the steady creep rates and
primary indentation deformation of AE42 alloy increase with increasing temperature and stress. The average stress
exponent and creep activity energy are 3.06 and 72.4 kJ/mol, respectively. The indentation steady creep rate is controlled
by dislocation viscosity slipping led by the grain boundary diffusion. The as-cast AE42 alloy consists of a-Mg matrix,
acicular Alj;La; and granular Al,La. The microhardness of AE42 alloy is increased after solution for 8 h as the result of
S-Mg;Al}; phase dissolving into a-Mg matrix. But the microhardness and creep resistance of AE42 alloy decrease after
solution for 24 h because of the grains coarsening. The microhardness and creep resistance decrease further after 24 h
ageing treatment for large number of f-Mg;;Al;, phase precipitated discontinuously at the grain boundaries
notwithstanding the grains are fined a little.
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Fig.1 Schematic diagram of creep apparatus

H Hitachi—S—3400 2454 i (417 EDS)H Philips
X5 2 A A B R O A 2 g AR .
HVS-1000 Y A A 5 v 5 iCRE V) AR 52, 48y
9 0.98 N, PRI E R 20 s.

2 #HR

21 AER SEMENET %

2(a), (b), (IR NN AE42 B A8 AT
55~95 MPa Ml 125~200 C 4t R IR NI 4%
2, K 2P AES. (T4, 24 h)AI(T6, 24 h) 3 Fl
AE42 &4:4F 150 "CHI 75 MPa 44 F i s N5 A% i
o I 2 nIURBL, BEA A AT I N, A
i A A B S, AT [ 5 A3 B ] P PR s N 2 3 T 184
BT b (1 ek il AR B B (U A2 56— B BO) AR S
IR AR B (MR AR5 B Br), IR AR B2 S he £
T4 F1 T6 A3 511 AB42 &4 MUk PEREH BT
A AEA2 Gér. WAL il e (1) Ze 1k 0 43 AN HE B I [A]
h AL H AT 43 21 58 AR B B NI AR R, HAS
RZEBIE 10% LA, Wk 3 fion. & 3 g, bt
BN I 3G N, A 10 B — i B AR e R 4
hne

22 BEENFTERE

HI AR R 1) 5 SCRT A, A5 4 M e N A I Ak
] f R AR IR, IS SREMBIMEANE &
I8 ¢ (LAY &, =de/dt. AE42 A EAEANRI 461 RN
Fa IR AR A 2R 1 o

TEAERI N AS K, AT ()RR A i AL 1%
SRR Fy i e R U
&= Ad"exp[~Q/(RT)] (1

Xt A W EEER FAPH KRS E S o
MAERIN S, MPas n RN 3650 R SRR H AL,
8.314 5 J/(mol-K); Q. AFRMIHEAZWIGHE, J/mol; T A
XL, Ko

HE NGRS FH A /I 1) e Skt B 4 A A X 2 1T gk
ATURAR S o AR R XA BT =2 10 ) F 43 =36
g3 RARFE B RN I Foy B SRXRAAERI BT D) ) Fys
FE Sk SRR R BE ¥R T Fro BT
F=F+F+F; 2)

SR () Sk A AR, B F=1/3 F1YL,



H19EH 7 IKIE, %5 AE42 e MPURE NG MR

1171

0.25

0.20

0.15

0.10

Indentation depth/mm

0.05

Time/h

0.35
0.30
0.25
0.20

0.15

Indentation depth/mm

0.10

0.05

Time/h
2 RFEAT N AEA2 44 10 AR i 25
Fig.2 Indentation creep curves of AE42 alloy at different loads: (a) 55 MPa; (b) 75 MPa; (c) 95 MPa; (d) 75 MPa
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Fig.3 Primary indentation creep deformation of AE42 alloy
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Table 1 Steady indentation creep rate of AE42 alloy

Alloy Temperature/'C  o/MPa é,/(mms")
55 427%x10°8
125 75 1.53X 1077
95 2.35%107
55 1.41X1077
150 75 3.17x 1077
As-cast 95 8.53%X 1077
AE42 55 4.61%1077
175 75 1.12X107°
95 2.09%X10°
55 1.69X 107
200 75 3.93X107°
95 7.84%X10°
AE42-T4 150 75 8.461 X107
AE42-T6 150 75 1.475X10°°
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Fig.5 SEM images of AE42 alloy: (a) As-cast; (b) (T4, 24 h), before creep; (c) (T6, 24 h), before creep; (d) As-cast, after creep;

(e) (T4, 24 h), after creep; (f) (T6, 24 h), after creep
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Table 2 EDS results of AE42 alloy (mass fraction, %)

Before creep After creep
Alloy Morphology
Mg Al La Mg Al La
Aciculate 95.19 3.25 1.56 90.87 7.44 1.70
AE42
Granulated 97.46 1.04 1.5 96.88 3.69 1.43
Aciculate 96.62 2.05 1.33 87.24 4.20 8.56
AE42-T4
Granulated 90.40 1.43 1.02 96.95 1.93 1.12
Aciculate 96.45 1.24 2.31 89.94 5.84 4.21
AEA42-T6
Granulated 97.86 1.02 1.12 96.21 2.43 1.36
. v BB ) B-Mgi7Al FHPGEHE A S a-Mg FEAA
°—a- A3 > =} N s
e— Al L2 RS S IR T B, BT T e
1 e e VA8, IR T UL TRTAR 2241 5~10 €U,
JITLAAE 415 "C'F T4 4bBEZ) 8 h 5, &M m AR
TAIH IR B4R EAE T4 463 8~24 h 5 tHIL T 2%
TN B, XL AR, a0 ) v RE
1 i o B [ A BE S BE RN & 0BT T ALBE, Ak A
-] o e
e e s Ashlees Wik, p-MgiAly MU ARELEN ), S8
PR — D98 N B, HATE 1122

30 40 50 60 70 80
20/(°)

Bl 6 #4& AE42 7v4:(f) XRD 1%

Fig.6 XRD pattern of as-cast AE42 alloy
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Fig.7 Effect of heat treatment on microhardness of AE42 alloy
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Fig.8 Mass fraction of Al for Mg;,Al;, in precipitated phases
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