e 4

5 ks Science
ELSEVIER Press

Available online at www.sciencedirect.com
“*.* ScienceDirect

Trans. Nonferrous Met. Soc. China 21(2011) 711-716

Transactions of
Nonferrous Metals
Society of China

wWww.inmsc.cn

Effect of Bi addition on microstructures and
mechanical properties of AZ80 magnesium alloy

WANG Ya-xiao', ZHOU Ji-xue®, WANG Jie', LUO Tian-jiao', YANG Yuan-sheng"

1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
2. New Materials Research Institute, Shandong Academy of Sciences, Ji'nan 250014, China

Received 25 September 2010; accepted 25 December 2010

Abstract: The effects of Bi addition on the microstructures and mechanical properties of as-cast AZ80 alloy were investigated. The
results show that with the addition of Bi, the coarse eutectic phases are refined and become discontinuous; some flaky and granular
Mg;Bi, phases with a hexagonal structure of D5, are observed along the grain boundaries and between dendrites. The tensile strength
and elongation increase first, and then decrease with increasing Bi content. AZ80-0.5%Bi alloy has optimum combination
mechanical properties. When the content of Bi is above 1.0% (mass fraction), the amount of flaky Mg;Bi, phase increases markedly,
which splits the matrix and deteriorates the tensile strength and elongation.
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1 Introduction

Magnesium alloys are widely used in automotive
and aerospace industries, due to their low density, high
specific strength, good machinability and good damping
capacity. The most widely used magnesium alloys
mainly focus on Mg-Al-Zn series alloys, which display
excellent castability and low cost[1-3]. The typical
as-cast microstructures of Mg-Al-Zn series alloys consist
of primary a-Mg and f-Mg,;Al;, phase. However, during
the process of deformation, the coarse f-Mg;Al;, phase
is prone to break, and the cracks tend to propagate along
the coarse p-Mg;;Al; phases distributed at grain
boundaries, resulting in the final decrease of strength and
ductility[4—6]. Therefore, in order to expand the
application range of such magnesium alloys, it is
necessary to further improve the strength and ductility of
Mg-Al-Zn based alloys.

According to the previous research, it was reported
that alloying techniques is an effective way to improve
the strength and ductility of magnesium alloys. Some
alloying elements, such as Ca, Sr and RE, have been
proved to generate favorable effects on the improvement
of mechanical property[7—11]. Compared with RE, Ag
and other precious metals which are commonly used to
improve the properties of magnesium alloys, Bi is

cheaper. However, up to now, very few reports have
referred to the effects of addition of Bi to magnesium
alloys on the microstructures and mechanical properties.
Recentlyy, YUAN et al[12—14] have reported the
microstructures and mechanical properties of as-aged
AZ91 alloys with Bi addition, which showed that, with
the addition of 2.0% Bi (mass fraction), the mechanical
properties of AZ91 alloy after aging treatment were
improved obviously at room temperature and 150 °C.
However, the effects of Bi addition on the strengthening
and fracture behavior in the cast Mg-Al-Zn based alloys
have not been investigated systematically.

Therefore, in the present work, the microstructure,
phase composition and mechanical property of AZ80
alloys with trace Bi additions were studied, aiming to
understand the effects of Bi addition on the strengthening
behavior and fracture failure mechanism.

2 Experimental

The as-studied four alloys were prepared based on
commercial AZ80 alloy and pure Bi (Bi>99.9%). The
AZ80 was composed of Al 8.21%, Zn 0.54%, Mn 0.23%,
Fe 0.001% and Mg bal. (mass fraction). The Bi addition
amounts were 0, 0.5%, 1.0% and 2.0%, respectively.
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The alloys were melted in an electric resistance
furnace under the protection of mixed SF¢s and CO, gas
(volume ratio was 1:200). When the AZ80 magnesium
alloy was remelted completely at 730 °C, Bi was added
into the melt. After being stirred for 2 min, the melt was
held at 730 °C for 20 min to homogenize, and then cast
into a steel mould preheated to 250 °C.

All the specimens for T6 treatment were firstly held
at 415 °C for 18 h, followed by water quenching, and
then the ageing treatment was performed at 200 °C for 8 h.

Phase composition was detected by X-ray
diffractometry with Cu K, radiation. The microstructure
observation was conducted on optical microscope(OM)
and scanning electron microscope(SEM) equipped with
an energy dispersive X-ray spectrometer(EDS). The
as-cast samples were revealed by 1% ethanedioic acid in
water. The as-aged samples were etched by 1.0% nitric
acid in alcohol.

3 Results and discussion

3.1 Microstructure of as-cast AZ80 with addition of

Bi

Figure 1 shows the microstructures of as-cast
AZ80-x%Bi(x=0, 0.5, 1.0, 2.0) alloys. As shown in
Fig.1(a), as-cast AZ80 alloy consists of primary a-Mg
eutectic f-Mg;Al,
secondary precipitated f-Mg;;Al;, phase. The eutectic
phase precipitates in the form of network at grain

matrix, divorced phase and

boundaries. With the addition of Bi, coarse eutectic
phase is refined and becomes discontinuous, and new
flaky and granular phases occur. With the increase of Bi,
the flaky phase becomes coarser. XRD analysis indicates
that AZB2 alloy consists of a-Mg matrix, f-Mg;;Al;,;
phase and Mg;Bi, (Fig.2) with a hexagonal structure of
D35,[15]. On the basis of microanalysis and XRD pattern,
the flaky and granular precipitates are identified as
Mg;Bi,.

The average grain size of AZ80-Bi alloys is shown
in Fig.3. The average grain size of as-cast AZ80 alloy is
408 pm, and the grain size is decreased to 348 um with
the addition of 0.5% Bi. When the contents of Bi are
increased to 1.0% and 2.0%, the grain sizes are
decreased to 339 pm and 331 um, respectively. Further
increase of Bi cannot produce any significant refinement
to the grain size when the content of Bi is above 1.0%.

The effect of Bi on growth kinetics may be
attributed to the growth restriction effect of Bi addition.
During the solidification process, addition of Bi element
is expected to generate a constitutional undercooling
diffusion layer ahead of solid/liquid interface, which can
hinder the diffusion of Mg and Al atoms, thus lowering
the growth rate of a-Mg. In addition, further nucleation
can occur when the constitutional undercooling (AT;)
reaches the undercooling required for nucleation (AT)).
Therefore, with the Bi addition, the grain gets refined
and the f-Mg,;Al;, phase becomes discontinuous[16].

Element w%

Mg 17.25
Bi 8275
Total 100.00

Fig.1 Optical microstructures of AZ80 (a), AZ80-0.5%Bi (b), AZ80-1.0%Bi (c) and AZ80-2.0%Bi (d) alloys
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Fig.2 XRD pattern of AZ80-2.0%Bi alloy
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Fig.3 Average grain size of as-cast AZ80-x%Bi alloys

3.2 Tensile properties and fracture analysis
3.2.1 Tensile properties

The tensile test results of as-cast AZ80, AZBO0.5,
AZBI1, AZB2 alloys are shown in Fig.4(a). With the
0.5% Bi addition, the AZBO0.5 alloy shows the optimal
mechanical property, where the yield strength and tensile
strength are improved by 3.2% and 3.0% respectively.
Further adding Bi element leads to obvious decrease of
mechanical property except for the yield strength of
as-cast alloys.

When 0.5% Bi is added, the grain size gets refined
from 408.1 um to 348.0 um. According to Hall-Petch
equation, o=cy+kd "*[17], the relationship between yield
strength and square root of grain size is in inverse
proportion, so the refinement of grain size will improve
the yield strength of alloys. Meanwhile, the small
granular and some discontinuous flaky Mg;Bi, phases
adjacent to Mg;;Al;, will also act as the barriers for
dislocation slipping together with Mg;;Al;, to improve
the yield strength.

Figure 4(b) shows the tensile test results of AZ80-Bi
alloys after T6 treatment ((415 °C, 18 h) + (200 °C, 8
h))[18]. After aging treatment, the yield strength and
tensile strength are improved in a wide range, while the
elongation is decreased compared with the as-cast alloys.
The yield strength of as-aged AZB0.5 is increased from
99.4 MPa to 132.0 MPa, which is improved by 8.2%
compared with as-aged AZ80 alloy.
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Fig.4 Tensile test results of as-cast (a) and as-aged (b) AZ80-Bi
alloys

After T6 heat treatment, because of the existence of
continuous precipitation (C.P.) of Mg;;Al;; shown in
Fig.5(a), the strength of as-aged alloy is higher than that
of as-cast alloy. When Bi content is less than 1%, the
yield strength of the alloy is improved by 8.2% to a
maximum due to the dispersion strengthening by Mg;Bi,
and the suppression of discontinuous precipitation (D.P.)
of Mg;;Al,. However, with further increase of Bi
content, although the strengthening effect of Mg;;Al;;
precipitation still exists, the coarse flaky Mg;Bi, phases
shown in Fig.5(b) are prone to splitting the a-Mg matrix,
which is the key factor to cause the final decrease of the
mechanical property.
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3.2.2 Tensile fracture analysis

The SEM fractographs of as-cast AZ80, AZBO0.5,
AZB1 and AZB?2 alloys are shown in Fig.6. It can be
found that after the addition of Bi, the fracture
mechanism has not been changed, the fractographs
consist of cleavage planes and some tear ridges, and
some secondary cracks are also observed on the fracture
surface. This indicates that the fracture mechanism of
AZ80-Bi alloys is quasi-cleavage fracture mode. When
the content of Bi increases to 2%, a large quantity of
flaky phases are observed on the fracture surface, as
shown in Fig. 6(d). The phase of arrow 4 in Fig.6(d) is
identified as Mg3;Bi, as well according to the results of
EDS and XRD (Fig.2).

The microstructure near the fracture surface of
as-cast AZB2 alloy is shown in Fig.7(a), which shows

that the white Mg;Bi, phase is broken into two parts
perpendicular to  the which
corresponds to the white flacks on the fracture surface as
shown in Fig.7(b). During the process of loading, the

loading  direction,

coarse intermetallic phase generally acts as the primary
site of cracks initiation. Consequently, the crack will
propagate along the dehiscent phase, inducing the final
rupture. It was reported that the micro-crack originates
from brittle Mg;;Al;, phase in AZ80 alloy [6]. In the
present study, the coarse Mg;Bi, phases in the AZB2
alloy are the primary sites of crack initiation. When the
Bi addition is 0.5%, Mg;Bi, phase will play a positive
role in the strengthening behavior rather than deteriorate
the mechanical property due to it more refined
microstructure.

Element w/%  x/%
Mg 77.85 96.80
Bi 22,15  3.20

Total 100.00 100. 00

Fig.6 SEM images of tensﬂe fracture surfaces of as-cast AZ80 (a) AZBO 5 (b), AZB1 (c) and AZB2 (d) alloys
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Fig.7 Microstructure near fracture surface (a) and SEM fractograph of tensile fracture surface (b) of as-cast AZB2 alloy

4 Conclusions

1) With the addition of Bi into AZ80 alloy, the grain
size is decreased from 408 um to 331 um. Furthermore,
the coarse eutectic phases are also refined and distribute
discontinuously.

2) A new Mg;Bi, phase is formed, and becomes
coarse flake as Bi content increases.

3) Because of grain refinement and dispersion
distribution of fine Mg;Bi,, as-cast AZBO0.5 alloy
indicates the optimal mechanical properties. With the
increase of Bi content, the coarse flaky Mg;Bi, phase is
which
deteriorates the tensile strength and elongation.

4) After T6 heat treatment, the yield strength and
tensile strength of the alloys are improved remarkably.
The yield strength of as-aged AZBO0.5 is improved by

prone to crushing, splits the matrix and

8.2% compared with as-aged AZ80 alloy.
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