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Abstract: The microsiructural variation in the nor dendritic AlISi;M g samples remelled in the semisolid slale has been

investligated. It is proposed thal the primary o Al phases are mainly coarsened by connecling the secondary arms or fine

primary ¢ Al phases logether al the slage of a small quantily of liquid and slowly coarsened through diffusion at the stage

of a greal quantily of liquid. The dynamical coarsening equation controlled by diffusion is in good agreement with the

. 3 3 . R . . .
equalion of d”= dy= kit and the effect of the slarting microstructures on the coarsening of primary & Al phases is gradual-

ly decreased when the soaking Lime is long enough.
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1 INTRODUCTION

The semrsolid forming technologies of mnon-
dendritic metals or their alloys were invented in the
early 1970s'". In particular, the thixoformation tech-
nologies of AISi;Mg alloy billets with nomdendritic
microstructures made by electromagnetic stirring dur
ing solidification had progressed greatly and been ap-
plied successfully to manufacture many kinds of auto-

1251 " The norrdendritic

mobile parts in recent years
AlISiMg alloy billets must be remelted to the semr
solid zone in the thixoformation and the primary oAl
particles must be coarsened during the remelting. The
coarsening process of the primary oAl particles,
however, has not been very clear up to date, so the
dynamical coarsening process and the effect of the
starting microstructures on the cOarsening process

have been investigated in this paper.
2 EXPERIMENTAL

2.1 Experimental materials

An AISi;Mg alloy used in this study consists of
751, 0. 45M g and 0. 2Fe in mass fraction, % . The
starting billets with non-dendritic microstructures
were made under the following conditions: billet size
of 70 mm in diameter and 130 mm in height, mold
preheated to 45 C or 320 C, pouring temperature
750 C,

Fig. 1 shows the microstructures of the billets before

eleciromagnetic stirring during freezing.

remelting. The white primary oAl particles are
spherical or rosette, the eutectic Si is distributed be-
tween them and the equilibrium area fraction of the

primary o Al particles is about 51% .

2.2 Process of semi solid remelting

The long tubular electric furnace was used in the
remelting experiments and the temperature was con-
trolled within an accuracy of X1 C. The isothermal
soaking time was started to be recorded after the sur
face temperature of the little samples reached the giv-
en temperature and lasted Smin. When the remelting
came to the predetermined time, the little sample was
quenched in water. The soaking times of the samples
were S~ 240 min and the soaking temperatures were
578 £1 C or 589 £1 C, respectively corresponding
to theoretically primary Al area fractions 50% or
40% . The size of the samples was 10mm in diameter
and 10 mm in length.

2.3 Observation and detection of microstructures

The quenched samples were rough ground, fine
ground, polished, then etched with 0. 5% HF water
solution and finally observed under optical micro-
scope. In order to quantitatively describe the dynami
cal coarsening process of the primary oAl particles
during semrsolid remelting, the microstructures of
some samples were analyzed by SEM-IPS( Image Pro-
cessing System) .

3 RESULT AND DISCUSSION

3.1 Microstructural evolution

The equivalent diameter d, shape factor F( F=
4TA/P?, A and P are the average area and periph-
ery of the primary Al particles) and solid area frac-
tion f ; of the primary & Al particles in some quenched
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samples, which were cut from the billet as shown in

Fig. 1(a) and remelted at 578 C or 589 C, were de-
tected by SEM-IPS gaining results shown in T able 1.

Table 1

primary Al in the non-dendritic samples

Image analysis results of

Soaking Soaking )
temp./ C time/ h d/Hm ¥ S Y%
0.5 70 0.68 75
578 1.0 100 0.75 70
2.0 117 0.78 71
0.17 80 0.75 70
0.5 96 0.76 66
589 1.0 112 0.76 64
2.0 134 0.77 65
4.0 168 0.79 64

The microstructural evolution of the samples
remelted at 578 'C for different times is shown in
Fig. 2. Comparing Figs. 2(a) and (b) with Fig. 1
(a), even if the soaking time was short, the primary
Al particles were quickly coarsened through connec
tion and there were many liquid islands in them. The
eutectic quantity was much less than the equilibrium
eutectic quantity and part of the eutectic Si only gran-
ulated and coarsened. When the remelting lasted 1h,
the whole eutectic of low melting point had been
the primary aAl gradually became large
and the shape factor F had
With a time
the primary oAl became larger,

remelted,
and spherical in shape,
reached 0. 75,
longer than 1 h,

as shown in Fig. 2( ¢).

more spherical and the shape factor F had been 0. 78,
as shown in Fig. 2( d).
ing temperature, 578 C, the driving force was small;

As a result of the low remelt-

therefore the eutectic was remelted and eutectic Si
dissolved slowly and the spheroidization speed of prr-
mary &Al was also small.

If the remelting temperature was raised, the
remelting speed of the eutectic and the connection
coarsening speed of the primary Al were increased
obviously, as shown in Fig. 3. Fig. 3(a) shows that
when the sample was soaked for 0. 17h at 589 C, the

connection coarsening process had not only performed
rapidly, the primary o Al shape had been very spher
ical and the shape factor F' had been 0. 75, but the
whole eutectic had been remelted. If the sample was
soaked at 578 C, completion of the above process re-
quired 1h. Fig. 3(b) shows that after continued soak-
ing, the primary oAl particles had become larger,
more spherical and the shape factor F was 0. 79.
Another phenomenon was found from Fig. 2 and
Fig. 3, that is to say when soaked at 578 C, fine prr
mary Al dendrites did not appear on the large prr
mary Al particles or in the former liquid area, but
when soaked at 589 C, many fine primary oAl den-
drites that were pointed out with arrows in Fig. 3
grew out of the large primary Al particles or the
former liquid area. This phenomenon may be related
to the composition of the remelted liquid. If the sam-
ples were remelted at 578 C, the liquid composition
was close to the equilibrium eutectic composition and
the tendency of separating fine primary oAl den-
drites was small; when the samples were quenched,
the liquid was changed to fine eutectic. However, if
the samples were remelted at 589 C, the liquid com-
position was apart from the equilibrium eutectic com-
position and the tendency of freezing fine primary o
Al dendrites from the liquid or growing out of the
when the
samples were quenched, many fine primary oAl den-

large primary oAl particles was large;

drites emerged finally.

When the samples were soaked in the semrsolid
region, they might gradually deform like the metals
creep at high temperatures. The longer the soaking
time, the more serious the deformation, but the ef-
fect of temperature on the deformation was more sig-
nificant and the higher the temperature, the more se-
rious the deformation. The experiments showed that

the time for the samples to start to clearly deform at

578 C was 1. 5h and that at 589 C was only 0. 5h.

3.2 Dynamical coarsening process
The primary oAl particle’ s coarsening was an
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Fig. 1 Microstructures of non-dendritic billets before remelting in semrsolid state
(a) —Mold preheated to 45 'C before pouring; (b) —Mold preheated to 320 ‘C before pouring
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Fig. 2 Maicrostructures of nomr dendritic samples remelted in semtsolid state at 578 C for

(a) 0.17h, (b) 0.5h, (¢)1.0h and (d)2.0h
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Fig. 3 Microstructures of non-dendritic samples remelted in semrsolid state at

589 Cfor (a) 0.17h and (b) 4.0h

important process during semrsolid soaking and this
process could be divided into two stages, the first
stage with a small quantity of liquid and the second
stage with a great quantity of liquid. At the first
stage, the eutectic liquid was not distributed between
the whole primary oAl particles and the coarsening
mechanism of the primary Al particles was quick
connection between the secondary arms of the
rosette, especially the fine primary oAl particles be-
cause the systematic energy could be fast decreased.
At the second stage, the regions between the primary
Al particles were full of eutectic liquid and the con-

nection coarsening was more difficult, so the coarsen-
ing mechanism controlled by atoms diffusion was
dominant. Suppose the liquid-solid interface is in e
quilibrium state at the second stage, then the small
primary oAl particles are in equilibrium with lower
melting point and the large primary oAl particles are
in equilibrium with higher melting point, that is the
small primary oAl particles reach equilibrium with
the liquid of low Si content and the large one with the
liquid of high Si content. Therefore the Siin the lig
uid near the large primary oAl particles diffuses to
the liquid near the small ones and in the meantime the
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Al diffuses in the reverse direction, which leads to
continuous dissolving of small primary & Al particles
and growing of larege primary oAl particles'®. Be
cause the coarsening process requires Si and Al to dif-
fuse remotely and there is no convection in the liquid,
the coarsening process at the second stage was very
slow! 51

The chart between the cubic of equivalent diame-
ter d’ and the soaking time ¢ in Table 1 at 589 C

was shown in Fig. 4 and the regression line was very

. . . . 3
straight. The linear regression equation about d~ and

S

i s i i 1 i 1 i 1
0 0.51.0 15 2.0 2.53.035 4.04.5
t/h

Fig. 4 Relation between cubic of equivalent diameter
d’ of primary ot Al particles and
soaking time f

t was made as equation (1) or equation (2}, which
describes the dynamical process of the grain coarsen-
ing at the second semrsolid stage, and dg, % in equa-
tion (2) are respectively equal to 67. 29 Hm, 1. 09856
x 10° Um?/ h and the correlation coefficient r was
0.9995.

d*— 67.29°= 1.09856 x 10% (1)

d’— di= ki (2)

Equation ( 1) and Fig. 4 indicate that the coars
ening process indeed agree with the Ostwald mecha
nism. Equation (1) also shows the starting average
diameter of the primary oAl particles before Ostwald
coarsening is about 67. 29Hm. T he dynamic equations
between d” and ¢ or d* and ¢ in Table 1 were also
made and the correlation coefficients were respectively
0.9973, 0.9939, so the analysis result shows that
the dynamical coarsening equation is not only one and
the correlation coefficients were very high, but more
agreeable with the cubic relation. Grant'®', Yam-
aguchi'®! and Zhang' ' have studied the microstruc
tural variation of AF4% Cu, N707, 2618, 6066, Al
Si alloys deposited by spraying method in semrsolid
state and also it is shown that the primary solid coars-
ening process in liquid-solid zone agrees with the cubic
Ostwald mechanism.

When the starting grain size in nomrdendritic

AlSiM g alloy is large as shown in Fig. 1(b), the
coarsening process of the primary oAl particles in se-
mrsolid state also follows the quickly connecting
coarsening with low liquid quantity and the slow dif-
fusion coarsening with great liquid quantity. The lin-
ear regression equation of d? and ¢ in this group sam-
ples soaked at 589 C was made according to equation
(2) and do, k and r were respectively equal to 95.

11 Hm, 865766. 55 Hm?/h, 0.9927. This value &
was smaller than the value & in equation( 1) because
the primary o Al particles related to equation( 1) are
smaller and the diffusion distance is shorter so that
the coarsening speed is fast. However, when the
soaking time is longer and the grain size becomes
large enough, the diffusion distance is greater, the
diffusion ability falls, the coarsening speed decreases
and the primary grain sizes of the two kinds of sam-
ples would be similar in the end, no matter how the
starting grain sizes are different.
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