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Effect of Extrusion Temperature on Mechanical Properties and High-
cycle Fatigue Properties of Extruded AZ61 Alloy
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Abstract

In this study, a commercial AZ61 magnesium alloy is extruded at 300 °C and 400 °C and the microstructures, mechanical
properties, and high-cycle fatigue properties of the extruded materials are investigated. Both extruded materials have a fully
recrystallized microstructure with no Mgi7Al12 precipitates. The average grain size and maximum basal texture intensity of
the extruded material increase with increasing extrusion temperature. The material extruded at 400 °C (AZ61-400) has
higher tensile yield strength and lower compressive yield strength than the material extruded at 300 °C (AZ61-300) because
of the stronger basal texture of the former. Because of coarser grain size, the tensile elongation of AZ61-400 is lower than
that of AZ61-300. Despite the differences in microstructures and tensile/compressive properties, the two extruded materials
have the same fatigue strength of 110 MPa. This is because the finer grain size of AZ61-300 causes an increase in fatigue
strength, but its weaker texture causes a decrease in fatigue strength. In both extruded materials, fatigue cracks initiate at the

surface of fatigue specimens at all stress amplitudes tested.

Keywords: Magnesium alloy, Extrusion temperature, Microstructure, Mechanical properties, High-cycle fatigue properties
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400 °C A == FdT T A=A wAx=4,
AR B4 B 1577 92 EA4S AT
2. &g Yy
B oA qto] A= Mg-6AI-1Zn-0.3Mn (AZ61, wt%)
o AMESSlth FaEs Alxs] 8 = &3
25 o]&3le] &8s%oH &§ T IIlE WA
at7] 913l SFeot CO.7F =3+ e

o el
3 th 8-S 720 °C oA 20%-%F
200 °CE od¥d »¥ %COH ol 9% FE=E A
Z3polnth Az WS 420 °ColA 24 AZE Bt
oAzt dAg & F49 —% }OﬂD} =S T
af A3t WS 200 mm, A7 80 mme] 7]
nefow Hah 7pEdk & 500 ton £ 4232
Z=7]15 AFE3}e] 300 °CS} 400 °C oA 25:19]
ZH 9} 1mm/se] BEE R HAHAZS S8 & A
o A F=slelth. 3oo °Ce} 400 °CY %= =L =
z9 == 7z AZ61-3003 AZ61-4000. 2 L}
ER AT
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2 rlo 2 o o fo
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(extrusion direction, ED)¥} 3l HS
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(a) Specimen for tension test
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Fig. 1 Dimensions of specimens for (a) tension and (b)
high-cycle fatigue tests.
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Fig. 2 Optical micrographs of (a) AZ61-300 (b) AZ61-400. (c) Equilibrium phase diagram of Mg—xAl-1Zn (x = 0-20
wt%b), as calculated using PANDAT software. Davg denotes the average grain size.
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Fig. 3 ED inverse pole figures of (a) AZ61-300 (b) AZ61-
400. Max. denotes the average maximum texture
intensity.

Fig. 3% AZ61-3003} AZ61-400 =A< ¢ =4
L (inverse pole figure)olth. + t=A] B (0001) =
Mol EDSH FH 3 widd AP g via
HHF gz AFEAE el
Z EDY 4Asl= weko =z oS
& ntadg gEAE 7AW &Y
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A= ”rE‘r““E} [14]. &% €%=7F 300 °CollA] 400 C

2 7k E (0001) F% o] EDS}F 90° 7H7he- W
6;2 X‘zﬂtﬁ HAd 531 Ad=7F 29004 49=
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Fig. 4a ¢} Table 1 AZ61-300 ¥} AZ61-400 = Al
o % AY AF}E vedn. JAF FHGE

(tensile yield strength)== AZ61-300 ©] 181 MPa ©]il
AZ61-400 ©] 194 MPa 2 St& 257} 2&555% &
sk}, |9k Q1% A21&(tensile elongation)2] 74 -5-
AZ61-300 2 23.4%°]3L AZ61-400 & 21.2%% SH&
TRV FESFE A dAlEo] tha A shH
o) 147 = (ultimate tensile strength) = & =9}
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Table 1 Tensile and compressive properties and average Schmid factors (SFs) of the extruded materials. TYS, UTS,
TE, and CYS denote the tensile yield strength, ultimate tensile strength, tensile elongation, and compressive
yield strength, respectively. SFaasalsip and SF{0-12} winning denote the average SF value for basal slip under tensile
loading along the ED and that for {10-12} twinning under compressive loading along the ED, respectively.

: TYS UTS TE CYS
Material (M Pa) (MPa) (%) (MPa) SFgasal slip SF{lO-lZ} twinning
AZ61-300 181 294 234 135 0.19 0.40
AZ61-400 194 295 21.2 122 0.14 0.43
350 500
(2) (b)
300
400
250
g 2004 é 300 -|
g 1504 E 2004
5 v
100
100 4
501 —— A761-300 —— A761-300
o —— AZ61-400 0 —— AZ61-400
0 é 1I0 IIS Zb 25 0 5I lb 1‘5 2I0 25
Strain (%) Strain (%)

Fig. 4 Engineering (a) tensile and (b) compressive curves of extruded materials.
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Fig. 5 Stress amplitude—fatigue life curves of (a) AZ61-300 and (b) AZ61-400.
Aglel EHol opyl¥y] WEolt [17]. =g BE  AFW 4F A AR U2 FRPE FfolE ek
247 277 245 Q% A 79 F4L ok & olft A% AF A WL Feske A
+ {10-11}-{10-12} &4 e A7t &olshr] wE 1l Asel vEr] welty e 7AW HgxA
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Fig. 4b = 7 A=A 4= %E’—% HEE Sds = 26 WEES {10-12} AR 8Tt [19]. o
HolFEth oA FEFrel= vz, 4F F57 % A] {10-12} Aol 3 ﬁgi’r SF = AZ61-300 ©]
4_(compresswe y|eld strength) = A261—300 o] 135 MPa 0.40 ©]a AZ61-400 ©] 0.43 ©]t} (Table 1). °]=
2 AZ61-400 ¢ 122 MPa H. T} ¥t} (Table 1). AZ61-400 ©] HTU} Y —O—EJ, sl Al {10-12}
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Fig. 6 Representative SEM fractographs of fracture
fatigue specimens of (a) AZ61-300 and AZ61-400.
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