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ABSTRACT The effect of superheating from 750 to 1000 C on A357 alloy were investigated. The results
show that there exist three characteristic temperature ranges: 750~ 800 C, 800~ 900 C and 900 ~

1000 'C, which are correspondent to the variations of chemical composition, microstructure and mechanical
properties. When A357 alloy superheated from 750 to 800 C, most of its mechanical properties are remark-
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ably improved.
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1 INTRODUTION

A357 alloy, as a premium cast aluminum al-
loy, is widely used in aerospace and aircraft in-
2]

durstry! " Generally, in order to obtain the

premium casting, the optimum melt state is the

it 2wy as

first need condition. In recent years,
found that melt superheating could affect the mr
cro-inhomogeneous aluminum alloys, as a result,
the irorrrich phase, grain size, physical proper
ties (e g resistivity and viscosity. ) and mechanr
cal properties would change.

In this paper, the effect of melt superheat-
ing on A357 alloy was investigated in detail. The
goal of this study is to ascertain whether or not
the melt superheating may be applied to improve

the mechanical properties of A357 alloy.
2 EXPERIMENTAL

2.1 Materials

A357 alloy was prepared by putting pure
magnesium ( 99. 95%), pure silicon(99. 7%),
AF3.37% Be and AF5% Tr0. 2% B master alloys
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into super pure aluminum (99.99%) in a resis-
tance furnace. The alloy was modified with the
flux of 0. 5% (40% NaF+ 40% NaCl+ 10% KCl
+ 10% NazAlFe), its analysis results is listed as
follows:

Si Mg Be T1 Fe Al
6.9 0.62 0.06 0.15 0.055

Balance
2.2 Melt superheating treatment

The prepared A357 alloy was heated to
750, 800, 850, 900, 950, 1000 C, respective
ly. After each superheated, the melt was cooled
naturally in the furnace. When the temperature
of melt decreased to the range of 750~ 760 C,
0. 5% flux ( 30% NaCl + 36% KCI + 14%
NazAlF¢+ 20% NapSiFg) was injected into the

melt for degassing and inclusion removal by a

flux injection equipment'®'. After the flux injec
tion treatment, the melt was kept in the range of
750~ 760 C for Smin, and then was poured in-
to the permanent mould preheated to 200 C for
test bars.

2.3 Heat treatment
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One part of the test bars was heat treated in
Tg state:

Solid solution at 540 C for 8 h;

(Quenching into water at room temperature;

Natural aging for 12h;

Artificial aging at 175 C for 10h.

2.4 Mechanical test and microstructural anal
ysis

All the test bars in as cast and T¢ state were
tested at Instrom 1186 electron tension machine,
the deformation rate was 2 mm/min. Samples
were taken from the tested bars for chemical ( by
EDXA), OM and SEM analyses. The etchants
for the samples of OM and SEM were 0. 5% HF
and 5% HF, respectively. Grain was revealed
by Tucker etchant( 45 mIHCI+ 15 mIHNOs+ 15
mlHF+ 25 mlH,0) .

3 RESULTS AND DISCUSSION

3.1 Effect on chemical composition

Fig. 1 shows the effect of melt superheating
on the chemical composition of A357 alloy.
From 750 to 900 C, Si and Ti increase; from
900 to 1000 C, they decrease. In other words,
at 900 C, there exist peak values for Si and Ti.
With superheating, Mg decreases continuously.
This phenomenon might result from their differ-
ent burning-loss rates. From 750 to 900 C, the
burning-loss rates of Mg and Al are much higher
than those of Si and Ti. Apparently, in order to
keep the chemical composition in the range of

A357 alloy, the superheating temperature should
be controlled below 850 C.

3.2 Effect on grain size

Fig. 2 shows the change of the grain size of
A357 alloy with the superheating temperature.
[t indicates that the grains first become fine
when superheated from 750 to 800 C, then
coarsen gradually from 800 to 900 C, and be
come fine again from 900 to 950 C, at last,
coarsen sharply from 950 to 1000 C. This phe
nomenon may be related to the variation of the
chemical composition, especially the titanium
content. T1in the melt forms TiAls as the nucle
ant of Al during solidification process, and thus

TiAl; plays the role of grain refinement. Appar
ently, the smaller the size and the larger the
amount of TiAlz are, the better the grain refin-
ment effect is. As shown in Fig. 1, when super-
heated from 750 to 900 C, Ti content increases
sharply from 0. 15% to 0. 37% . This may lead
to TiAlz with larger size, which resluts in the
larger grain size. When superheated from 900 to
950 C, Ti content slightly decreases, so the
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Fig. 1 Effect of melt superheating on
the chemical composition of A357 alloy
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Fig. 2 Relationship of grain size (d) of
A357 alloy with superheating temperature
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grain size becomes finer somewhat. These indi-
cate that much higher T1i content is contributed
to grain refinement.

3.3 Effect on morphology of eutectic silicon
Fig. 3 shows the variation of the morpholo-
gy of eutectic silicon during melt superheating.
Apparently, From 750 to 800 C, eutectic Si be
comes finer fibre, 1 e the modification effect is
improved. From 800 to 950 C, eutectic Si be
comes coarser and has less branches, 1 e the
From 950 to
1000 C, eutectic Si granulates. These changes

modification effect is fading.

indicate the variations of Na content and melt-
structure.  When superheated from 750 to
800 C, the melt is of homogeneous, thus, Na
dissolves in the melt more completely. This is
beneficial for Na to playing the role of modifica
tion —to suppress the nucleation of eutectic Si

and to precipitate on the (111)g;, thus to induce
its twinning and branching. When superheated
from 800 to 900 C, although the melt is also of
more homogeneous, Na burns rapidly; thus Na
content becomes less, and as a result, the modr
fication effect fades and eutectic Si becomes
coarser and has less branches. From 950 to
1000 C, Na might burn completely, and the Si
atoms in the melt distribute homogeneously.
This leads Si to nucleate directly from the melt
during solidification process; thus some granular
Si appears.

3.4 Effect on mechanical properties

Fig. 4 shows the effect of melt superheating
on the mechanical properties of A357 alloy in as
cast and Ty state. For the properties of as cast
alloy (Fig. 4(a)), when superheated from 750
to 800 C,

ultimate strength ( 0,), yielding

Fig. 3 Effect of melt superheating on the morphology of eutectic silicon of A357 alloy
(a) —750 ‘C; (b) —800 C; (¢) —850 C; (d) —900 C; (e) —950 C; () —1000 C
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Fig. 4 [Effect of melt superheating on the mechanical properties of A357 alloy
{a) —As cast; (b) —Tg state

strength ( O,) and elongation( €) increase slight-
ly; from 800 to 900 C, 0, and O, increase, but €
decreases; from 900 to 1000 C, O, and O, de-
crease sharply, only € increases remarkably. For
the properties of T¢ state ( Fig. 4 (b)), the
changes of 0, and € are similar: they increase
first and are up to the peak values at 800 C;
then decrease remarkably; at 900 C, they are
the lowest; from 900 to 1000 C, they increase
again. Apparently, when superheated from 750
to 800 'C, most of the mechanical properties of
A357 alloy are remarkably improved.

This phenomenon is correspondent to the
changes of the chemical composition and mi
crostructures of the alloy, especially the change
of the Mg content and the morphology of eutec
tic Si. When superheated from 750 to 800 C,
although the Mg content decreases from 0. 55%
to 0.42% , eutectic Si becomes finer fibre, so &,

of both as cast and T state increase, whereas the
as cast decrease. The changes of O, and O, of T
state could be attributed to the decreasing of Na
and the homogeneities of Na and Mg in the
melt. Because Na can hinder the formation of
GP zones by decreasing vacancies in the alloy
during quenching, the GP zones in the alloy su-
perheated at 750 C will be less than those super-
heated at 800 C. As a result, the 0, and O, of
T¢ state are improved. When superheated from
800 to 900 C, eutectic Si coarsens due to the
burning of Na. This also results in coarse Si par-
ticles with high aspect ratio in as cast and T
state. Coarse Si is the source of crack, so, elon-
gations of as cast and T state decrease. Apart
from this, because of the decreasing of the Mg
content in the melt, the O, of as cast, 0, and O,
of the T state decrease. When superheated from
900 to 1000 C, the Mg content decreases slight-



e OR -

Trans. Nonferrous Met. Soc. China

Sep. 1997

ly, and because the Si in the melt becomes more
homogeneous, the eutectic Si begins to granu-
late. The former change results in the decreasing
of 0, and O, of the as cast, the later change is
contributed to improving the elongations of as
cast and T¢ state. As for the decrease of 0, and
O, of as cast, it may result from the coarsening

of grains. These indicate that the €is very sensr
tive to the morphology of eutectic Si, and the 0,
and O, are mainly determined by the amounts of
GP zones or precipitates, which are related to
the Mg and Na contents in the melt.

According to Fig. 1~ 4, during the super-
heating process, there exist three characteristic
temperature ranges: (a) from 750 to 800 C,
(b) from 800 to 900 C and (¢) from 900 to
1000 C. During (a), Na and Mg in the melt
become homogeneous, and decrease gradually;
During ( b),
sharply; During (c¢), the Siin the melt becomes
homogeneous. These indicate that there happen

Na and Mg contents decrease

two processes during superheating: melt homo-
geneizing and burning of the elements of Na,
Mg, Ti, Si, etc.
includes Na, Mg, Si, etc., is contributed to im-

Melt homogeneizing, which

proving the elongations of both as cast and T
state. Optimum Mg content is necessary for ob-
taining high strength. In order to keep the
chemical composition within the range of A357
alloy and improve its mechanical properties, melt

superheating during (a) (from 750 to 800 C) is
advisable in practical applications.

4 CONCLUSIONS

(1) During melt superheating of A357 al-
loy, there appear three characteristic tempera
ture ranges correspondent to the changes of
chemical composition, microstructure and me-
chanical properties, they are: from 750 to
800 C, from 800 to 900 T and from 900 to
1000 C.

(2) During the melt superheating, there
happen two processes: the burning of elements
of Na, Mg, Ti, Si, ete, and the melt homo-
geneizing. Optimum Mg content is necessary to
obtain high strength, and the melt homogeneiz
ing is contributed to improving elongation.

(3) When melt superheated from 750 to
800 'C, most of mechanical properties of A357
alloy are remarkably improved.
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