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Creep Behavior of AZ31 Rolled Magnesium Alloy Based on Nanoindentation
Wang Zai', Ru Tingting?

(1. School of Applied Science., Taiyuan University of Science and Technology;

2. Shanxi Provincial General Hospital of Chinese People’s Armed Police Force)
Abstract: The anisotropic creep properties of rolled AZ31 magnesium alloy were investigated by micro-nanoindent-
ation method. Nanoindentation test of AZ31 alloy with different orientations(0°,30°,45°,60° and 90° along rolled
direction) by continuous stiffness mode was carried out. The hardness independent of the effect of indentation
depth was obtained based on the Nix-Gao mode, and creep displacements in the load retaining phase were ana-
lyzed for different orientations of the material. The results reveal that the hardness and creep mechanism of the
indentation retention stage of AZ31 rolled magnesium alloys by Nanoindentation test with different orientations
exhibit significant anisotropy. Creep stress index shows an increasing trend with increasing in angle along the
rolled direction. The creep stress indexes for 0° and 30° are 1.5 and 1.4, respectively, where the creep mechanism
is characterized by the coordinated effect of diffusion creep and grain boundary slip. The 45°, 60° and 90° orienta-
tions have creep stress indexes of 2.1, 2.0 and 2.2, respectively, where the creep process in these three orienta-
tions is dominated by grain boundary slip.
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Fig.1 Schematic diagram

iR e

B2 AZ31 %k ER XA

Fig. 2 The nanoindentation

of specimen orientation specimen of AZ31
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Fig.3 Optical microscopy image of the rolled AZ31 at different orientations
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Fig.4 Load-displacement curves at different orientations
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Fig.5 Representative nanoindentation contact stiffness-depth
for the AZ31 alloy at 5 kinds of orientations
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Fig.6 Representative nanoindentation hardness-depth curves

during loading for the rolled AZ31 under different orientations
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Fig.7 Creep displacement-time curves of rolled AZ31

magnesium alloy at different loading orientations
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Fig.8 Creep stress exponents of rolled AZ31 magnesium

alloy at different orientation
4 % ®

55 2 WLBL AR L Hs 246 1006 5 R A AL . AZ31 BL I BE 5
R PR ST RO 1oy A8 2 L 2 B D W Sk 1) 7 1) AR SR A
Jie AR P2 AR [7] AN [7) B 1) Ao 8 X 7 14 e K s A 2847 B
AR BLIE AL 0 B 1 B A% 1o S P R A A 1 B s

244

FEIRIEAR , i AR By B WL 75 17 907 19 i A5 A %
K0 Z 0 60/ SEFHIE KA 5 Ay 1l 1 i
IR0 748 H5 . 0° T 30° K A 1 ) 8 85 43 Al Dy 1.5 Fil.4,
IH B O A AL L S 7 R A R A RS MR RAE . 457
60°F 907 B ] (1) 855 728 1. S F6 K43 A 2.1.2.0 2.2, 3%
3 AN U AR S AR A I RS O R IR AR P
AN [7) 5 S5OAS [) B i ) 05 78 4 T 2 B0 45 1) S M R L o
L I E N
s % X #

[1] DECKER R F. Renaissance in magnesium[J]. Advanced Materials
&. Processes, 1998, 154(3): 31-33.

[2] KULEKCI M K. Magnesium and its alloys applications in automo-
tive industry[ J]. International Journal of Advanced Manufacturing
Technology, 2008, 39(9-10) ; 851-865.

[3] AGNEW SR, SENN J W, HORTON J A. Mg sheet metal form-
ing: lessons learned from deep drawing Li and Y solid-solution al-
loys[J]. JOM, 2006, 58(5): 62-69.

[4] CHEN L. Finite element simulation of springback in sheet metal
forming[]]. Applied Mechanic Materials, 2002, 50(1): 615-618.

[5] BOHLEN J, MARCUS R, SENN J W, et al. The texture and ani-
sotropy of magnesium-zinc-rare earth alloy sheets[ J]. Acta Materi-
alia, 2007, 55(6): 2 101-2 112.

[6] BROWN D W, JAIN A, AGNEW S R, et al. Twinning and de-
twinning during cyclic deformation of Mg alloy AZ31B[J]. BibTex,
2007(1): 3 407-3 413.

[7] WANG G, QIAN X, LI X, et al. A study on compressive anisotro-
py and nonassociated flow plasticity of the AZ31 magnesium alloy
in hot rolling[J]. Mathematical Problems in Engineering, 2014 (2-
3): 1-9.

(8] skfE. AR R AL TE 5 Wi 2L LML AL 5t B2 ek, 2007,

(9] BB, BRI Ih -2 . Sn-3.5Ag-2Bi o4 5k JE A 5 A8 P R[] .
i E A 04 8 4k, 2008, 18(4) : 620-625.

[10] TURATSINZE A. RANAIVOMANANA N, MULTON 8. Basic
creep of concrete under compression, tension and bendin[J]. Con-
struction & Building Materials, 2013, 38(1):173-180.

(117 sk, BB 20T 5%, HrEH S AZ91-Ca B & 4 19 1 4 I A8
im0, &R MALEE, 2017, 42(1D); 6-10.

[12] KABIRIAN F, MAHMUDI R. Effects of rare earth element addi-
tions on the impression creep behavior of AZ91 magnesium alloy
[J]. Metallurgical and Materials Transactions, 2009, A40 (9):
2 190-2 201.

[13] LI X D, BHARAT B. A review of nanoindentation continuous stiff-
ness measurement technique and its applications. [ J]. Materials
Characterization, 2002, 48(1). 11-36.

[14] LUCAS BN, OLIVER W C. Indentation power-law creep of high-
purity indium[JJ. Metallurgical & Materials Transactions, 1999,
A30(3): 601-610.

[15] WANG Z, HAO X, QIU J, et al. Anisotropic yield criterion of
rolled AZ31 magnesium alloy via nanoindentation[ J]. Applied Sci-
ences, 2020, 10(24): 8 997-89 M002.

[16] ASHBY M F. Indentation creep[ J]. Materials Science and Technol-
ogys 1992, 8(7): 594-601.

(%% KIER)



