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Abstract: The effect of prior compressive deformation, isothermal temperature and holding time on the structure of

AZ61 magnesium alloy fabricated by strain-induced melt activation(SIMA) processing was investigated. The speci-

mens were subjected under deformation ratios of 0%, 22% and 40% and various heat treatment time and tempera-

ture regions. The results indicate that the ideal technological parameters of semrsolid AZ61 alloy produced with

nomrdendrites are recommended as 22% ( prior compressive deformation), 595 ‘C( heat treatment temperature) and

40 min(time). The as cast AZ61 magnesium alloy isn't fit for semtsolid forming.
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1 INTRODUCTION

Semrtsolid metal ( SSM) processing has been

' SSM processing

developed rapidly since 1970s
is regarded as an advanced metal forming technolo-
gy in 21 century. A lot of study works were fo-
cused on aluminium alloy in the past time. With
the further development of research of semrsolid
metal forming technology, SSM processing has

obtained rapid development and wide application,

which has

[2. 3]

now been applied to magnesium
alloys

In recent years, the conventional methods of
semrsolid billet fabricated are mainly mechanical
stirring, electro-magnetic stirring, strain-induced
melt activation( SIMA) and so on. The tempera
ture of semrsolid material fabricated by SIMA
method is lower than its liquidus temperature. So,
SIM A method is easier processing with less expen-
ses of equipment than the others, whose attention
is paid by many researchers'*™. The semtsolid
AZ61 billet was produced by SIMA method in this
paper. The effect of technological parameters of
SIMA on the structure of AZ61 magnesium alloy

was studied.
2 EXPERIMENTAL

2.1 Material and technology of prior compressive
deformation

The chemical composition of AZ61 magnesium

allov are listed in Table 1. The round bar of as

cast condition was used. They were machined into
the billets(d22 mm X 19 mm), which were reheated
in an electric resistance furnace with the tempera-
ture 350 C and holding time 40 min, then de
formed with 9. 8 x 10’ N hydraulic machine at de-
formation ratios of 22% , 40% respectively
(Fig. 1). After both ends of the billet that were in-
accessible deformation zones were cut off, the left
part( deformation zone) was taken as specimen.

Table 1 Chemical composition of AZ61
magnesium alloy used in experiment
( mass fraction, %)

Al Mn Zn Si
5.877.2 > 0.15 0.40-1.5 0.10
Cu Ni Fe Others Mg

0.05 0.05 0. 005 0.30 Bal.

2.2 Equipment

T o reduce the burning loss of the specimen, a
crucible with large height/ diameter ratio (H/D=
31 1) is adopted, which has an upper cover in or-
der to decrease the exterior proportion of AZ61
magnesium alloy and to reduce time exposed in air.
Because magnesium alloy has a lower kindling
point, graphite powder was used to prevent it from
oxidation and combustion. At the same time, in
order to improve the precision of controlling tem-
perature, three thermocouples and three tempera-
ture controllers of resistance ovens were used in
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heating oven equipment to control temperatures of
inner layer, middle layer and external layer. The
resisitive heater was set in external layer, and
specimen was put in inner layer. The temperature

w1ndage was only _+1 }C( 1g 2).

Fig. 1 Undeformed and deformed specimens of
AZ61 magnesium alloy

)

=

Fig. 2 Schematic diagram of heated furnace of
AZ61 magnesium alloy
1 —Thermocouple of central section;
2 —Thermocouple of exterior;
3 —T emperature control apparatus;
4 —Thermocouple of interior;
5 —Semrsolid AZ61 magnesium alloy sample

2.3 Isothermal temperature heat treatment method

The AZ61 magnesium alloy s solidus and liq-
uidus temperatures are 525 C and 625 C respec
tively, the interval between solidus and liquidus
temperatures is 100 ‘C. So 585, 595 and 610 C are
taken as temperatures of isothermal temperature
heat treatment. The time of isothermal tempera-
ture heat treatment is taken as 0, 20 and 40 min at
595 C. When the destined time and temperature
reached, specimen was taken out and done for wa-
ter quenching. Then the specimen was made to
metallurgical phase sample and corrupted with 4%
nitric acid liquor, its microstructure changes were
observed under the optical microscope.

3 RESULTS AND DISCUSSION

3.1 Deformed and undeformed microstructures
The undeformed microstructures of AZ61
magnesium alloy were composed of the branched
grains that had a few large branched ones, shown
in Fig. 3. With the increase of deformation, the
branched grains were transformed to equiaxed
grains or short branched grains, in which the first
order branched grains showed breaking, distorting
and coarsing. After the grains were deformed at
showed 350 C, a great deal of dislocation was pro-
duced inside grains, the total area enhancement of

X " @ b“
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Fig.3 Undeformed and deformed
microstructures of AZ61 magnesium alloy
(a) —Undeformed; (b) —22% deformed;

(¢) —40% deformed
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grain boundary made the system free energy in-
crease. The drive forces resulted from restore and
recrystallization made the first order branched
grains break during the air cooling process. In
order to further decrease the system free energy,
the second order branched grain arms were merged
and grew up. The greater the deformation, the
larger the drive forces of above evolution, the easi-
er the restore and recrystallization produced, the
easier the second order branched grain arm merged
and grew up.

3.2 Influence of isothermal temperature on micro-
structures of AZ61 magnesium alloy

The branched grains in as-cast state were
transformed into block structure for undeformed
magnesium alloy sample at 585 C(Fig. 4(a)).
With the increasing temperature, few liquid phases
appeared, the block structures began to melt( Fig.
4(d)). When the temperature reached 610 C, the
liquid phases increased distinctly, the microstruc
tures in solid phases formed a lot of irregular
shapes, in which the black holes of liquid phase ap~
peared. No ideal globular structures were formed

(Fig. 4(g)) -

When the 22% deformed AZ61 magnesium
alloy was heated up 585 C, its short branched
grains was transformed into block structures. The
globular phenomena appeared locally in few grains
and the liquid phases were produced, in which the
many small black holes presented ( Fig. 4 (b)).
When the temperature reached 595 C with holding
time 40 min, the globular solid grains that had a
good roundness were formed completely. An ideal
semisolid nonmbranched grain microstructure was
obtained( Fig. 4(e)). With the further increase of
temperature, liquid phases increased and grains
melted locally, in which some irregular grains ap-
peared.

Compared with the 22% deformed amount,
the grains of 40% deformed AZ61 magnesium alloy
at 585 C began to melt with a few globular struc
tures and many liquid phases( Fig. 4(c¢)). When
the temperature reached 595 C, the grain number
increased distinctly and grain diameter decreased.
This reason is that the storage energy increased
and then nucleation ratio increased due to large de-
formation. The roundness of globular grain at 40%
deformed AZ61 was not better than that at 22%
(Fig.4(f)). When the temperature reached 610

Fig. 4 Microstructure evolutions of AZ61 magnesium alloy

at different compressive deformations in heating processing
(a) =585 C, & 0%, 20 min; (b) —585 C, & 22%, 20 min; (c) —585 C, & 40%, 20 min;
(d) =595 C, & 0%, 40 min; (e) —595 C, & 22%, 40 min; (f) —595 C, & 40%, 40 min;
(g) =610 C, & 0%, 20 min; (h) —610 C, & 22%, 20 min; (i) —610 C, & 40%, 20 min
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‘C, liquid phases increased and grains melt obvi-
ously with a lot of melted

(Fig. 4(i)).

43 2 &
crescent” grains

3.3 Influence of holding time on AZ61 magnesium
alloy structure

In the isothermal heating process the short
dendrites were first translated into massive struc
tures with the disorder shape and nonhomogeneous
size, a few liquid phases existed among the grain
boundaries( Fig. 5(a)). With prolongation of hold-
ing time the large grains began to break up, and a
number of globular structures presented with some
black dots existed in the interparticle structure
(Fig. 5(b)). When the holding time reached 40
min, the grain structures were distributed evenly
in liquid phases, and the grains were globed entire-

Fig. 5 Microstructure evolutions of
specimens deformed to 22% and

remelted at 595 C at different holding time
(a) —0 min; (b) —20 min; (¢) —40 min

ly with a good round in shape( Fig. 5(¢)). The ide
al microstructure for thixoforming can be obtained
with mean grain diameter 90 = 150 Hm and round-

ness 1.2 7 1. §(Fig. 6) .
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Fig. 6 Distributions of diameter( mean) and
roundness of semrsolid AZ61 magnesium alloy

fabricated by SIM A
(595 C, 40 min, & 22%)

3.4 Relationship among solid phase fraction, liq
uid phase fraction and temperature in semi
solid AZ61 magnesium alloy billet produced
process

In order to understand the isothermal heat
treatment process of semisolid AZ61 magnesium
alloy, the areas of solid and liquid phase of the
grain structure in phase diagram were calculated

with the imageproplus software ( version 4. 5).

The relationship curves among solid phase frac

tion, liquid phase fraction and the temperature in

semrsolid AZ61 magnesium alloy were obtained as
shown in Fig. 7. It can be seen that the solid phase
fraction is 100% and liquid phase fraction is 0% at

525 ‘C. With the increasing heating temperature,

the solid phase fraction droped off and liquid phase

fraction increased gradually. When heating tem-
perature reached 585 C the solid phase fraction
was 60% and liquid phase fraction was 40%. Fig.7
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shows the relationship among solid phase fraction,
liquid phase fraction and the temperature in semr
solid billet produced process, which proved a refer-
rence for production and scientific research of
thixoforming in the future.
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Fig. 7 Relationship between solid or
liquid phase fraction and temperature

4 CONCLUSIONS

1) The as-cast AZ61 magnesium alloy isn t fit
for semrsolid forming.

2) The predeformation treatment can destroy
the grain structure of as-cast structure, the size of
original grain will be fined, which is helpful for the
grain structure translating into globular structure
in the isothermal heat treatment.

3) Under the same heat treatment condition
the globular structure appears when the amount of
predeformation is 22% and 40%, the roundness of
globular grain at 22% is better than that at 40% .

4) The ideal technological parameters of semi-
solid AZ61 magnesium alloy fabricated by SIMA
are recommended as the amount of predeformation
22% , the isothermal temperature 595 C, the hold-
ing time 40 min and the liquid phase fraction 51%.
It s the ideal grain structure required of thixoform-
ing, in which the grain structure diameter( mean)
is between 90 7 150 Bm and the roundness between

1.271.8.
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