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Abstract

Semi-solid Metal Forming (55F), which was called the new
forming technology of metal materials in the 2!th ¢entury, appears to
offer significant advantages owver conventional casting and forging.
Specially. the SSF of aluminum alloy is necessary to auto industry and
aviation industry. The presupposition of SSF of aluminum alloy is the
production of non-dendritic semi-solid biilet.

On the basis of the reviewing the history and the evaluation of
previous research works and the progress of semi-solid metal forming,
following the development directions of SSF technology in developed
countries, in the light of the present study status of the SSF in China,
the effect of electromagnetic stirring (EMS) on the evolution of
morphology and its mechanism, the production technology of non-
dendritic aluminum alloy billet and the effect of heat treatment upon
microstructure and mechanical properties of non-dendritic alloy have
been studied.

Using the water molding method, the movement of metal fluid
under the given magnetic filed has been observed. The effect of
electromagnetic stirring on the flow of metal fluid, under cooling and
melt thermal current have been discussed. The experimental results
showed that the greater the intensity of electromagnetic field {(namely
the greater the intensity of EMS), the greater the ability of heat
exchanger and the more favorabie the alloy structure with the equiaxed
grain. The experimental results also showed that the relationship
between EMS and under coolinz was complex. The decrease value of
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alloy’s under cooling is in dircct proportion to the square of induced
current. So, with increasing of EMS intensity. on the one hand, the
EMS force is added and the grain is refined. on the other hand, the heat
energy of system will increase, the under cooling will decrease, and the
grain will be coarsened.

The experimental results demonstrated again that under the
cenditions of continuous cooling and EMS action, with increasing stirring
intensity and time and decreasing cooling rate, the structure of aluminum
alloy primary phase particles will evolve along with initial dendritic
fragment—dendritic growth— “rosette” —ripened rosette—spheroid.
Accompanied with the effect of EMS, there are three phenomena in
solidification process. First, the grain will be increase at doubie speed,
second, a large scale “structure” builds by collision and coalescence of
favorably oriented particles (namely primary phase coalescence), third,
primary phase entraps the eutectic structure,

The mixed mechanism forming non-dendritic structure was put
forward which include three kinds of mechanism under conditions of
EMS action. (a). remelting of the root of dendritic arm; (b). dendritic
arm curve and merging growth; (c). violent fluid flow and equiaxed
growth. Upon the effect of above mechanisms, the non-dendritic
structure will be formed in solidification system at last.

Based on above study, in order to popularize the SSF technology in
our country, the semisolid ZLI101A alloy billet with non-dentritic
structure was prepared by direct-chill-cast{DC) combined with EMS
method(DC-EMS method) using the equipment devised and made by
ourselves. The effects of DC-EMS method technical parameters, such as
pouring temperature, casting rate and cooling rate, on the structure of
ZL10tA alloy were studied. The optimum resulis showed that on this
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experiment condition. when pouring temperature is 650670, casting
ratc is 8.4~9.6cm/rhin and second cooling water capacity is 1.0~2.0th.
the optimum non-dendritic alloy billet can be obtained. A synthetic
study of the effects of magnetic field intensity # and cooling rate
(casting rate} ¥ on the average size O and shape factor S of non-

dendritic alloy showed:
D=AV +kBY" S=4 Ln(li/ +&k8) + 4;

When the magnetic field intensity is about 0.08-0.09T and the
cooling rate at liquid-solid two phases zone of ZL10IA is less than 0.3
C/s, the optimum non-dendritic structure can be obtained.

After the optimization of DC-EMS method technical parameters,
the production technology of semisolid alloy is formed, and the
ZLI01A billets, with the size of @R0x3000mm. were prepared. [t’s
mechanical properties were: o, =250.8MPa, 5=15.8%. Compared with
mechanical properties of the billets (o, =234.6MPa, 5~14.2%) produced
by same conditions but without EMS action. the properties have been
improved due to the improvement of homogeneous degree of structure,
chemical composition and physics with EMS action.

By means of DSC. EPMA and other analysis methods, the
difference between dendritic and non-dendritic structure after heat -
treatment was discussed. The results showed that optimum heat
treatment technology can improve aluminum alloy properties obviously.
The billet average mechanical were: &, =315.0MPa, &16.4%, the
quality factor ({}) was 508.5, which improved 9% compared with
dendritic structure aliov. similar to the optimum values as reported.
There are three reasons for it. The first, therc are more Mg element
dissolved in a{Al) due to0 EMS. and compositions segregation decreased.
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The second, afier age-hardening, there are even more guantily of
precipifated phase and well-distributed. The third, the volume fraction
of precipitaled phase and its particle size are optimum. So the effect of
age-hardening is remarkable.

Besides, it was found that non-dendritic structure will be obtained
by using Al-Si nanocrystalline soiid as a nucleation agent in aluminum
alloy. Although the effect of nanocrystalline nucleation agent and
alloy’s properties would be further researched, using  Al-Si
nanocrystalline nucleation agent to prepare non-dendritic alloy has no
toxicosls phenomenon, and can refine grain size. So it will become a
new way to refine grain size and produce non-dendritic structure
aluminum alloy.

Key Words scmi-solid forming. aluminum alloy. non-dendritic structure.

electromagnetic stirring. direct-chill-casting
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