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Abstract

Recently, a sheet forming process of Mg alloys is highlighted again due to increasing demand for
Mg wrought alloys in the applications of casings of mobile electronics and outer-skins of light-weight
transportation. Microstructure control is essential for the enhancement of workability and formability of
Mg alloy sheets. In this research, AZ31 Mg alloy sheets were prepared by hot rolling process and the
rolling condition dependency of the microstructure and texture evolution was studied by employing a
conventional rolling mill as well as an asymmetric rolling mill. When rolled through multiple passes
with a small reduction per pass, fine-grained and homogeneous microstructure evolved by repetitive
dynamic and static recrystallization. With higher rolling temperature, dynamic recrystallization was
initiated in lower reduction. However with increasing reduction per pass, deformation was locallized in
band-like regions, which provided favorable nucleation sites for dynamic recrystallization. Through post
annealing process, the microstructures could be transformed to more equiaxed and homogeneous grain
structures. Textures of the rolled sheets were characterized by {0002} basal plane textures and retained
even after post annealing. On the other hand, asymmetrically rolled and subsequently annealed sheets
exhibited unique annealing texture, where {0002} orientation was rotated to some extent to the rolling
direction and its intensity was reduced.
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Fig. 1 Longitudinal section optical micrographs of hot rolled AZ31 sheets
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Fig. 2 Longitudinal section optical micrographs of AZ31 sheets rolled at 400 by 95%

through 16 passes
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Fig. 3 Longitudinal section optical micrographs of AZ31 sheets rolled at 400T with
63% from 3.4mm to 1.25mm thickness by single pass

2% 4= v 4AE AA e vAEAS HFn o 19 A8 58% et

Ao & HAHEAY AGHEYE L sl Qg vAzze o E4A%S & e,
BAe FAZ JfEXE2E e e 2 FEF Hgo] dojd s ¢ £ Utk oy AL A
@ W= (shear band)® #A1e Feigts € F Atk 1Y 39 ATge g WEE WA T

A

YRR ol HAAE U FAAARC] Youbd @& olfE v 2 MY £E Pro]
g oolug, g vgemdA g A 2tk agd 49 4SS HGsA @r] g,
47 g LEE AR JteERT 3PS U%e AL BRI o4
g e w4 2doz Asddon, BFA4e 49 FasdAd

rsL'
>,\1
[l

32 3%z~
a9 58 400CAA 16822 lmm7bA] tdd (2 29 @A) ¢ £&

Jde g Abelol A9 (0002)9F (1011) FHEE HF3 Aok Ad FA oLy .rgrxn 2= 73
{0002} Ad HAgzz o] wtgts & £ gtk HCPT2E zte 49 4dRgxAL c/a #, &
AR TFZ2E aFl g cF9 Hldd met getdlg1l). wtadls s Zeol c/agtol HCP-J o] 34
ol k< 163391 7H7be AMEE A Ad (0002} MW Mgz o] Ldsly, ¢/a>1.633% ot
oy Ft=H 52 {0002} AEo] RD ¥Eoz ZeFo] o]F =g Hol gz dst
o, ¢/a<1.633%) ElolElgoly XNE2HF 5& {0002} Al TD ¥Foz RIYdH:s I3 &
Holx Aoz &4&Ad rhll). AZ3ILS vz T3 AE o] zoly £58 wtavEd ¥
%3 A4S YL ¢ F I 2HY AZ319 ASE WHgdE A =W RD dZo=
BEg d32 2= (0002) 2AE7 2ud vl Aoh(12). 4dAE2AL AAIE AdxE HY
ool Wy 7T dsia AAFHEY, ol AA GAA dd 2o A 2= mEA 7
x| A "o}

HE

A

67



Fig. 4 Longitudinal section optical micrographs of AZ31 sheets asymmetrically rolled
at 500 C with 58% from 5.3mm to 2.2mm thickness by single pass
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Fig. 5 X-ray pole figures of AZ31 sheets rolled at 400C by 95% through 16 passes
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Fig. 6 X-ray pole figures of AZ31 sheets rolled at 400C with 63% from 3.4mm to
1.25mm thickness by single pass
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Fig. 7 X-ray pole figures of AZ31 sheets asymmetrically rolled at 500C with 58%
from 5.3mm to 2.2mm thickness by single pass
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Fig. 8 X-ray pole figures of AZ31 sheets asymmetrically rolled at 500C with 58%
from 5.3mm to 2.2mm thickness by single pass and annealed at 300C for lhr

2 mgFa itk g AHel welA
53 shRdel A% YgEHol By o
=)

(0002} Aol 4T3 we FEE AWL ¢ 4 e, A 3
FERee & F Aok EI, AR W TF (0002} #917F NDOIM RD Zo = oz 33
sgod 1 AEE #RReA o 2 dehdt AFAX vauE 4D BAY odY A=
Ae 4 AYERAT A Aoz deid ot HuR 4T BAlel oA odeel I
shel obzrel APEA Wk A8 L £ AT oJHE WA rdol o s WHo o

70



gese 2l dEoz SuHed, FA402 ofd 4doRA o s eARE
2469 A77t wed Aoz AzZEd. T, dgd 4D 2 o4dd FAL S 7&0}71]
wgstdd (0002) AEEAL AsAg + Yoks He Fuze

_E
i)
)
¥
3
iV

4. 4B

o

FollAe o 7kA 3k 4 g
S Aojstma stk #Y }1 uAe 2AH
2 93 gz AXHA ks

g, 4 Eﬂ%;—
=
o

0 X
e
ot BT
o & g
tlo

o

¥ o
32
2 XL
o

[>
oft

o
ol
o
o <L

EEEED Alzr%% aIAT, a7
_O

N
X
L
|o
B

>
o
g
ot
mlo

55
flo

M
flo
ol
(oo
(=)
(@]
(@]
[\ 3
5
2
to ¥ o
%,
to %

£ oox o oo & 4
=
]
N
N
rir
=
=
P
>

Eﬁi&mﬁi‘
TE R

= dg st BEA AR HPow, 4
(0002) M| WHzEAL Atk Lo gAF o dYFo=M (0002} ¥l NDoIA
RDE o2 ozt HAsleA I =7} % dae yPrae YA + dAch

Y
2
e
e
3‘:

of ATE FIANAATA V| RATAGY d@oz o
Ae2d AoldTa (NRL)S Bv] AHg Adg ¥

ane

rot

1. IMA 2003 award winner, Germany, Stuttgart, vl A TF+Z2E A5 A F.

2. P. Juchmann, S. Wolff, Proceedings of annual world IMA 2002 magnesium conference,
Canada, Montreal, pp. 49-54 (2002).

3. T. Mukai, M. Yomanoi, H. Watanabe, and K. Higashi, Scripta Mater., vol. 45, no. 1, pp.
89-94 (2001).

4. P. E. Krajewski, GM research & publication center, R&D 9233 (2001).

5. K-H. Kim, D. N. Lee, Acta Mater., vol. 49, no. 13, pp. 2583-95 (2001).

6. S.-H. Kim, J. K. Lee, and D. N. Lee, Proceedings of ultrafine grained materials, 2002 TMS
annual meeting, USA, Seattle, pp. 55-63 (2002).

7. T. Imai et al, Proceedings of magnesium technology, 2004 TMS annual meetmg, USA,
Charlotte, pp. 91-96 (2004).

8. F. J. Humphreys and M. Hatherly, in Recrystallization and related annealing phenomena,
Pergamon, 1995.

9. S. E. Ion, F. J. Humphreys, and S. H. White, Acta Mater., vol. 30, pp. 1909-19 (1982).

10. J. A. del Valle, M. T. Perez-Prado, and O. A. Ruano, Mater. Sci. Eng. vol. A355, no. I,
pp. 68-78 (2003).

11. Y. N. Wang, J. C. Huang, Mater. Chem. Phys., vol. 81, no. 1, pp. 11-26 (2003).

12. A. Styczynski, Ch. Hartig, J. Bohlen, and D. Letzig, Scripta Mater., vol. 50, no. 7, pp.
943-47 (2004).

71



