Vol. 13 Ne 2

Trans. Nonferrous Met. Soc. China

Apr. 2003

Article ID: 1003 ~ 6326(2003) 02 ~ 0280 ~ 05

Relationships between deformation mechanisms and initial textures in
polycrystalline magnesium alloys AZ31 v

YANG Ping(# “F)', CUI Fenge( ££R4#) ", BIAN Jian-hua( %) ", G Gottstein®

(1. School of Materials Science and Engineering,

University of Science and T echnology Beijing, Beijing 100083, China;
2. Institut fiir Metallkunde und M etallphysik, RWTH Aachen, 52056, Aachen, Germany)

Abstract: Microscopy, X-ray diffractometry and EBSD analysis were applied to inspect the relationships between defor-

mation mechanisms and initial textures in polycrystalline magnesium alloys AZ31. It is found that different deformation

mechanisms proceed according to theoretic prediction. Basal slips occur when basal planes of grains are tilted toward nor

mal direction( ND) around transverse direction( TD); prism slips dominate when basal planes are perpendicular to TD.

{1012} twinning was favored when basal planes are normal to rolling direction( RD) and {1011} twinning is analyzed to

be related to the basal orientation of grains.
Key words: magnesium alloy; deformation; texture
CLC number: TG 111.7; TG 146.2

Document code: A

1 INTRODUCTION

M agnesium is the lightest metallic structural ma-
terial with high specific strength and is used in auto-

motive, electronics and aerospace field' " .

Howev-
er, magnesium often shows poor formability at room
temperature due to its hexagonal structure with less
independent slip systems, which limits its use. Dif-
ferent slip systems have been detected in magnesium
such as basal slip of {0001} (11207, prism slip of
{1010} <1120 * and pyramid slip (including the
a-type of { hkil} {1120 and the a+ ¢ type of { hkil}
(112 3)'% °) | Besides, different types of twinning
may also operate™ " ¥ Therefore deformation
mechanisms may be complicated in magnesium. The
plasticity of magnesium shows strong anisotropy. Dif-
ferent deformation behaviors and 0—€ curves were
observed in single crystal > > ') Poor formability is
always related with the strong basal texture 0001 /|
ND (normal direction) . Influence of initial texture on
the plasticity in polycrystalline has been investigated
and large differences have been found in hot rolled
plate AZ31 or pure magnesium at 100 =200 ‘C'""™"
In order to enhance formability of magnesium, a
higher deforming temperature is usually used with
two purposes. The first is to activate new slip sys
tems besides basal slip to obtain more than 5 indepen-
dent slip systems. The possibility lies in that the crit-

ical resolve stresses of prism and pyramid slips reduce

as temperature increases; while that for basal slip
does not change strongly with temperature!'*!. The
second is to introduce dynamic recrystallization or

I which is more accessible in

even Super'plasticity[ =
industrial application. This paper aims to inspect the
relationship between deformation mechanisms and ini
tial texture in polycrystalline magnesium alloys AZ31
microstructure

by texture analysis and

observation.
2 EXPERIMENTAL

Materials used were a hot extruded bar with pro-
nounced fiber textures of {11007and <1120) Il extru-
sion axis and a hot rolled plate with strong <0001 I
ND of magnesium alloys AZ31. To eliminate de
formed grains samples were annealed at 420 C for 6
h for extruded bar and 500 C for 2 h for hot rolled
plate. Although deformed grains disappeared, some
grains grew abnormally and the texture intensity de-
creased in the extruded bar. The grain size of hot-
rolled plate was fine (about 25 Hm) and homoge-
neous; while that of extruded bar was 34 Pm and in-
homogeneous with some grains being larger than 400
Pm. Different types of samples were sectioned from
annealed samples, named as XZ, ZY and XY for ex-
truded bar and TR and NR for rolled plate, as shown
in Fig. 1. The first letter denotes the compression di-
rection during subsequent channel die compression
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Fig. 1 Preparation of initial samples PRo—~7~=0 ODF < \eo~7v0 ODF
(a) —From hot extruded bar; (b) —From hot rolled plate @,=0 D @,=30°
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tion, i.e. rolling direction. 0 30 60 90 0 0 30 60 90
Fig. 2 shows the initial textures of samples, in i __ ( - )
which the Eular angle positions and the Miller- Bravies OROHAOHO00L 2T 0{00:;] H2L10: A000VHINIO)
indices of typical texture components in orientation g‘
distribution function (ODF) are also given. 10
As can be seen from Fig. 2, the basal planes of
most grains in the sample TR (also XZ) were nearly 60
perpendicular to TD ( transverse direction). The oon 3060 9
: : ; : 09030 90900
(1100 ) directions of most grains in the? sample ZY (loyaoio 9207000 W IHBT 6 007
were parallel to ND (normal direction), i.e. the nor 0,0 ) ®,=30°

mal of basal planes was distributed on the big circle of
pole figure. The basal planes of most grains in the
sample XY (also NR) were nearly parallel to rolling
plane with large scattering around TD. It is noted
that there are differences in orientation distributions
between samples obtained from extruded bar and from
hot-rolled plate. Channel die compression was carried
out to realize planestrain compression at 97 C and
185 C and MoS; paste was used as lubricant. The
samples were polished in an AC-2 electrolytic solution
and were etched in a solution of picric and acetic acid.
Six pole figures of ( 1010), ( 0002), ( 1101),
(1102), (1120) and (1103) were measured to calcu
late ODF. For convenience two sections of ®= 0°
and 30° were used to present texture components.
EBSD analysis was performed in an SEM LEO-1450
equipped with HKL Channel 4 system.

3 RESULTS AND ANALYSIS

3.1 Typical microstructures of twins

Fig. 3 shows typical microstructures of twins in
different samples. Massive { 1012} twinning of c-axis
tension occurred in sample ZY and twin var
ietiescanbefoundwithingrains( asshowninFig. 3( a) ) .

Fig. 2 Initial textures represented in ODF
of ®= 0" and 30°

(a) —Sample TR; (b) —Sample ZY

(¢) —Sample XY; (d) —Typical components in ODF

This is due to the fact that the tension in RD was par
allel to c-axis of most grains. The boundaries of this
type twin moved very easily. The twins in Fig. 3(b)
were thin. It is not clear whether they were of same
The band structure
shown in Fig. 3(¢) was normally regarded as shear

type with those in Fig. 3(a).

bands and was often found in basal oriented grains be-
cause this large grain was nearly basal oriented ac
cording to macro-texture ( as shown in Fig. 3(d)), i.
e. basal plane was parallel to RD (the right direction in
Fig. 3(c)). Thus it is impossible to relate the bands with
basal slip or basal plane, rather it should be the { 1011}
twinning of c-axis compression. The {1011} planes have
angles of about +62° with (0001) plane.

Fig. 4 shows an example of determining orienta
tion and orientation relationship of twin by single ori-
entation measurement in sample XZ deformed by a
strain of 25% at 97 C. Calculated orientation re
lationships are also listed . It is seen that the exact
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Fig. 3 Typical microstructures of twins
(a) —Sample ZY deformed by strain of 80% at 97 C; (b) —Sample XZ deformed by strain of 25% at 185 C;

(¢) —Sample ZY deformed by strain of 25% at 97 C;
(d) —M acro texture in sample ZY deformed by strain of 25% at 97 C

{1012} twinning relation of 86. 3° {1120 was still
kept in positions 27 =29, 38 729 and 42 ~44. Other
relationships indicate that due to further deformation
after the formation of twins scattering from exact
twin relationship would occur. Pole figure (as shown
in Fig. 4(b)) shows that the matrix of twin was near-
ly <0001 I TD and twined part was near basal tex-
ture orientation ( {0001) I ND). It has been found in
several group orientation measurements that there is
no special rule for the scatter of rotation angles, but

- rotation axis often scattered from (1120) to 25707,
BTN S Bes Famie ) —
. i. e. it rotated preferentially on (0001) plane.
(b) Position ”r;f{':iﬂ:;;" Fig. 5 shows another example of single orienta-
. 24:25  70.2°[2570] tion measurement. The orientation relationships of
) el et
00014y _—1 “'?'3” i: {3‘_:1]] twins were determined as 63° <1120> It may be a
4 : 26-27  79.2°[257
2729 89.5°[1120] {1023} (3032) type of twin, which is also a twin of
27-30  74.7°[2570] c-axis tensmn[8 Its twinning shear is close to that of
30-3 71.37[257 . .
. e ~’|] 1‘ ré{: F::;‘:H a {1012} (1011) type of twinning. Here, the twin
: - p 31-32 64.0°[2570] . . . .
L ' s 3334 R®8.1°[2750) boundaries are incoherent. However, since this type
35-36 203 {,‘}j El'l% of twin was very seldom in the sample, it may also be
1637 6.7 (0110
3840 86,5°1210] the { 1012} <1011 type twin strongly scattered from
12-44  86.4°[1120] exact twin relationship due to deformation.

3.2 Different slip systems

Fig. 4 Determination of twin relationship b - .
& crermmation ot twil relationstup by Determination of slip systems can be performed

single orientation measurement
(a) —Micrograph; (b) —Orientation
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Fig. 5 Determination of twin relationship
(a) —Morphology; (b) —Twin orientation

either by determining Burgers vector under

TEM!'® 7 or by analyzing slip traces on sample sur

3,9, 10
faces! I

. It can also be done by texture analysis.
In sample XY the basal planes of many grains in inf
tial samples were parallel to rolling plane with a TD-
scattering. This condition favored basal slip, and thus
further enhanced basal texture. With the increase of
deformation to 80% at 185 C, the enhancement of
(30, 0, 0) component, i.e. the {0001} <1120) com-
ponent was evident, as shown in Fig. 6. This can be
ascribed to the single basal slip because double basal
slip will generate (0, 0, 0) component, i e. the
{0001} <1010 orientation.

Prism slip can be detected in deformed sample
TR ( as shown in Fig.7 ). The initial texture
(0, 90, 30) or {0110} <21 10 (as shown in Fig. 4
(a)) was unstable. During compression it rotated into
the orientation of (0, 90, 0) or {1210} <1010> by
single prism slip (by comparing Fig. 7 with Fig. 4
(a)) because the single prism slip brought about a ro-
tation of this grain to a large orientation factor until it
reached the orientation (0, 90, 0). This orientation
(0, 90, 0) was stable. By further compression it re-
this through double prism
slips'* ! and its texture intensity became stronger. It
is noticed that there existed a clear scattering of orien-

tation (0, 90, 0) around RD (as shown in Fig. 7).

mained at position

Fig. 6 Texture evolution in sample XY
deformed at 185 C with strain of 80%

Because double prism slips can not account for this
scattering, simultaneous activation of both double
prism slips of { 1010} <1120 and double basal slips
{0001} <11207, and perhaps also double pyramid slips
of {1011} {11207 was postulated to be responsible for
this scattering. Referring to Fig. 4(d), it is known
that the fiber texture (0, @ 0) or { hkil} {1010 in-
cluded all grains whose 10107 is parallel to RD. This
means that the two slip directions <1120) on a basal
plane and two slip directions {11207 on two prism or
two pyramid planes have similar orientation factors,
therefore, double basal slip, double prism slip and/ or
double pyramid slips would operate simultaneously.
In addition, as the rotation of a grain caused by basal
slips is opposite to that caused by prism slips, there
will be a balance between them, i.e. more indepen-
dent slip systems were active in the presence of this

scattering.
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Fig. 7 Texture in sample TR deformed at
185 C with strain of 60%

S CONCLUSIONS

EBSD analysis and texture analysis indicate that
there is a clear relationship between deformation
mechanisms and initial textures in polycrystalline
magnesium alloys AZ31 and this relationship is similar
to that in single crystal of magnesium. Different de-
formation mechanisms proceeded according to theo-
retic prediction. Basal slip occurred mainly when
basal planes were tilted toward ND around TD; prism
slip dominated when basal planes were perpendicular

to TD.

{1012} twinning was favored when basal
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planes were normal to RD and {1011} twinning was

favored when grains were in basal orientation. The
scattering of (0, 90, 0) around RD was ascribed to
the simultaneous operation of double prism and basal

slips which provided more independent slip systems
and formability.
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