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Abstract

The solidification curves of Al-rich binary Al-Si and ternary Al-Si-Cu alloys have been
investigated using two experimental methods. The samples were directionally solidified
and quenched rapidly with a liquid metal cooling. In addition, the materials were ther-
mally analysed with DSC under the same cooling rates as in the previous experiments.
Apart from these two experimental methods, theoretical analyses have been carried out
using the lever rule and the Scheil model.

Results of the two experimental methods are compared to each other and to the the-
oretical predictions. The significant differences found in the solidification curves, mainly 1
in the beginning of the process, are critically discussed. |
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1. Introduction 1

Understanding the formation of microstructure especially of multicomponent alloys is 1

crucial for the command of solidification processes. For controlled development and opti-

mization of castings, numerical simulation becomes more and more significant nowadays.

In simulating the evolution of the structure in a micromodel the build-
~ tion, f;, within the mushy zone is an important parameter. As only lit
~ data is available, in simulations the progress of f;
-~ models. To overcome these limitations the aim of t
‘analysis of the evolution of solid fraction.

A binary Al-4.8wt%Si alloy and a ternary Al-5.5wt%Si-1.5wt%
.él’lg quenching experiments as well as DSC measurements.

up of solid frac-
tle experimental

is often calculated using very simple
his work is to provide an experimental

Cu alloy were studied

2, }Experimental Study

he directional soldification experiments (DS) a modified Bridgman furnace was used.
cess conditions are described in detail in [1, 2]. The cylindrical samples, 8 mm in
I, were directionally solidified with a constant withdrawal velocity of 0.5 mm /min.
Mperature gradient was determined to be 16 K/mm. After withdrawing a length of
ple sufficient to reach steady state conditions, the samples were rapidly quenched
i aln liquid metal cooling. To determine the evolution of solid fraction as a function
‘ ’verature, a series of cross sections within the mushy zone of the directionally
Samples similar to the one in figure 1 were studied by image analysis. As the
'8 strongly branched and many seemingly separated segments of a—phase are
'h:,il: tPhO‘GOgra»ph,' ada,ptefi filters were used for the image analysis [1]. .
' bofl‘;-ntslflmmatlons during solidification involve thermal effects which. give in-
4.8y107: € progress of the. solidification process. For thermal analysis of the
A )Ol;Sand AL-5.5wt%Si-1.5wt%Cu (weight of samples taken from a .bulk
| Frofn o C Measurements with cooling rates of 10 and 15 K/min respectively
‘ ¢ cooling curves measured by DSC, the solid fraction could directly
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were used. From the cooling curves measured by DSC, the solid fraction could directly
be estimated by determining the transformed volume fraction at a certain temperature
which is proportional to the amount of heat released at this temperature [3].

With the f, values of these two independent experimental methods a critical evaluatioy

of the measurement and analysis processes was possible.
For theoretical calculations, the differential forms of the lever rule and the Scheil modg]
were combined with a commercial software for thermodynamic calculations (ChemSage)

[4]. In this way fs could be determined taking the temperature dependence of the distyi.

bution coefficient into account.

3. Results and discussions

During quenching of the directionally solidified samples the initial solid-liquid interface
became unstable and cells had grown onto the dendrite branches of the primary structure
as shown in figure 2. Until the interface became unstable an additive amount of solid’
fraction had built up which should not be counted to the amount of primary phase. Up
to now only rough estimation of this quenching effect has been possible. For a numerical
determination of this effect a stability analysis of an accelerated growing dendritic inter-
face would be needed (compare [5]). Thus, besides statistical fluctuations, the quenching
effect gives a significant, but difficult to estimate uncertainty in the measured value of

the solid fraction.

In figure 3 the experi
with the predictions of t
sured from quenching expe

mentally determined solid fractions for both alloys are compared
he lever rule and the Scheil model [6]. The solid fractions mea-
riments are always higher than those found from DSC.

pecially at the beginning of the mushy zone, the solid fractions from the directio
solidification increase much steeper than the f, values from DSC. These results of
evolution of solid fraction are supported through studies of the morphology. Longitudi ’
sections of directionally solidified samples and microscope studies of decanted microstr
tures suggest a strong increase of solid fract

zone of free growth comprehends the region from the dendrite tips
overlapping diffusion fields of neighboring dendrites inhibit further growth. After thi

Figure 1: Cross section of Al-4.8wt%Si ary dendrites with

Figure 2: Prim .
showing the typical primary den- r ble solid /liquid—inteffa'ce" !}‘i‘
drite structure with a lot of quenching. :

seemingly seperated regions of
a—phase.

g lid fraction enhances more slowly.
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]

model calculations yield i
o yie a slower increase than both experi i
T (acré I‘Icll;ea::}:fi 1n;rea,se of th.e.measured solid frr)actrirctin:llt)ilj t;)t: rim H'led
enta:lly it cu:‘(: [7]). In addltlf)n, the calculated curves differ fr%)rrl:lntl;?lg
i R es at the starfimg point of eutectic precipitation. F e
N Iy perature dfatermlned from DSC is about 5K lowe . th Or
e 0 the sy jfgtrgm. This may be traceable to inhomogeneities rin tillln
o e samples. .Wlth an uncertainty of about +8 K n the
es of the quenching experiments are not well defined %arl; th:

€Special]
y for ternar

y syst :
:r.e ot very accuratey ems, the temperatures given from thermodynamical
\ rmg €rrors of t )
Uing Cases of eq

he i
uinber)i(ﬁzlr?ental results are greater than the range determined
(lever rule) and non-equilibrium (Scheil model)
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Al-4.8wt%Si, 36% for Al-5.5wt%Si-1.5wt%Cu) lie inbetween the predictions of leve;
rule and Scheil model. The quenching experiments give lower eutectic fractions. Fop
AL5.5wt%Si-1.5wt%Cu f. is significant lower than the model predictions, even those of
the lever rule. Together with the results for Al-7.8wt%Si (fo= 62%) from [2] it follows
that the difference between experiment and theoretical prediction becomes stronger wit
rising amount of interdendritic eutectic. Note, that the aluminium alloys solidify in
Jeast two phases. In contrast to that, the evolution of solid fraction of the Ni-base g,
peralloy SRR 99, which was used by the authors for comparison to the Al alloys in [2], i
well described by the Scheil model [1]. This multicomponent alloy solidifies quasi single
phase with a amount of eutectic of only 3% [8]. Therefore, it fulfills the assumptions of
the theoretical modelling much better than the Al alloys.

4. Conclusions

In analysing the evolution of solid fraction the direct method of the DSC measurementg
shows clear advantages over the study of quenching experiments which are subject to 3
high effort of preparation. The estimation of the quenching effect which currently imposeg
a large uncertainty on the measurement of f, requires the development of a stability anal-
ysis for an accelerated growing dendritic interface. The question, whether the difference
in the results from quenching experiments and DSC are due to the differences between
directional and equiaxed solidification, needs further investigation. i
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