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Thermal analysis is one of the promising
microstructure prediction techniques, with a high
potential of improvement and accuracy. This paper
aims at reviewing the available literature on using the
thermal analysis and cooling curves as prediction tools
in aluminum foundry. This review covers the
relationships between parameters of thermal analysis
and the quality of melt preparation, and hence the use
of these relationships for the prediction of the major
microstructural ~ characteristics, such as the
grain-refining potential, the eutectic modification, the
formation of porosity in the cast products.
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1. Introduction

The quality and properties of Al-Si cast products;
such as the mechanical properties, the hot tearing
susceptibility, the surface finish, the machinability,
and the pressure tightness of products; are based
mainly on certain microstructural characteristics.
Therefore, the assessment and prediction of such
microstructural characteristics before pouring the melt
is of prime interest. Of these characteristics is the level
of melt quality including the extent of grain refining;
and the level of modification [1]; and the level of
dissolved hydrogen. In this brief review, thermal
analysis parameters related to these microstructural
characteristics are discussed.

2. Cooling curves

Thermal analysis using the cooling curves is called
conventional thermal analysis. In this technique, the
molten alloy is allowed to cool down slowly (0.1
-0.8°Cs™ [2]), and the data are collected form the
thermal analysis curve, see Fig. 1. Three regions are of
significance in this curve: region A indicating the
extent of grain refining, region B indicating the level
of modification attained, and region C which
determines the end of solidification. The general shape
of the cooling curve gives an indication on level of

grain refinement and if the grain morphology is
columnar or equiaxed [3]. The thermal analysis can be
done using either one or two thermocouples. The first
thermocouple is placed at the center of the cub mold
and the second one is placed near the mold wall.
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Fig. 1 Cooling curve obtained during thermal analysis
and the main thermal analysis parameters.

3. Grain refinement

The grain refining process provides several
advantages to alloy properties and processing [4],
including better distribution of porosity and second
phase particles, improved surface finish and
machinability, greater fatigue strength, better pressure
tightness, and reducing tendency of ingot cracking,
and provides improved mechanical properties and
several other beneficial effects. This is why
monitoring of the extent of grain refining is necessary
for quality assurance before pouring the melt.

Thermal analysis can be used as a technique to
control the grain size in castings, and to determine the
dendrite coherency point [5]. The relevant thermal
analysis parameters used in the grain-size prediction
(Fig. 1) of the hypo-eutectic Al-Si alloys [6], are (i)
AT 4 1S the recalescence, i.e. the difference between
maximum Tamex and minimum T amin temperatures,



(i) KF16 is the difference between the temperature
when the cooling rate is 2°C/s and the temperature
recorded 16s later, and (iii) t¢ .4 is the time difference
between the moment corresponding to the minimum
in temperature and the time at which that temperature
is again reached after recalescence.

Several research works were carried to study grain
refining potential using this technique [7]. The
breaking points of cooling curves were calibrated
against the growth temperature Tamx. One the
complexities that face this approach is that the growth
temperature is a function of the cooling rate.
Therefore, constant cooling rate should be
experienced to obtain consistent data [5, 8].

When the nucleation undercooling, AT is large, a
relatively large grain size in obtained, and when this
value is less than 0.3°C this indicates that there is no
barrier for nucleation and the grain size is relatively
fine [1]. Hence assessment and comparisons of the
grain refining potential of the melts may be done.
Grain refinement affects the other thermal analysis
parameters such as nucleation and growth
temperatures of various phases, e.g., eutectic Si, the
solidification range and total solidification time [9].

4. Si modification

During solidification of Al-Si alloys, the liquid
phase ends with the eutectic reaction resulting in the
formation of the eutectic phases. The unmodified alloy
exhibits poor ductility leading to brittle fracture of
castings, while the properly modified alloy by
strontium or sodium shows ductile mode of fracture,
with increased elongation and tensile strength [1].

The thermal analysis parameters related to the
level of modification are the eutectic temperature
depression and the time difference between eutectic
nucleation and eutectic finish points (i.e., ts-t, of Fig.
1). The amount of depression AT measured in degrees
Celsius is a common indicative parameter for slow
cooling rates. The larger the depression the finer and
more fibrous is the eutectic structure. For example,
well-modified structures occur at depression
temperatures of more than 5.5°C in alloys A356.2 [1].
The eutectic temperature is a function of modifier
level, and it is lowest at the optimum level of modifier,
with over modified alloy showing smaller depression
temperatures [10, 11]. The time difference parameter
is useful at higher cooling rates [2].

5. Hydrogen level and porosity

The amount of dissolved hydrogen influences the
cooling curve characteristics, so that certain
parameters from the cooling curve can be used to
assess the amount of porosity in as-cast aluminum
products. These parameters are the characteristic
nucleation temperatures: a-Al nucleation, the Al-Si
eutectic and the Al-Si—Cu eutectic temperatures. The
effect of different amounts of hydrogen on the
Al-Si-Cu eutectic temperature is much more
significant than the other two parameters, i.e., the
dissolved hydrogen depresses the nucleation
temperature of copper rich eutectic phases [12]. The
depression reached 12.3°C for a melt containing 0.18
mL H,/100 g Al [5].

Conclusions

Thermal analysis is a potential technique for the
prediction of microstructure characteristics in Al-Si
foundry alloys.

Acknowledgements

The financial support of the Egyptian Science and
Technology Development Fund, grant No. 14902 is
highly appreciated.

References

[1] D. Apelian, G. Sigworth, K. Whaler: AFS Trans. (1984)
297-307.

[2] N. Tenekedjiev, J. Gruzleski: AFS Trans. (1991) 1-6.

[3] L. Arnberg, L. Backerud, H. Klang: Grain refinment in
Castings and Welds, Ed. By G. Abbaschian, S. David, 1983.
[4] W. Khalifa, Y. Tsunekawa: 71" World Foundry
Congress 2014.

[5] M. Johnsson: Thermochimica Acta 256 (1995) 107-121.
[6] J. Lacase, D. Ferdian, I. Lizarralde, A. Niklas, S.
Eguskiza, and A.l. Fernadez-Calvo: 71* World Foundry
Congress 2014.

[7]1 M. Johnsson, L. Backerud, G. Sigworth: Metallurgical
Transactions 24A (1993) 481-491.

[8] D. Gloria, J. E. Gruzleski,: Light Metals (1999), Met
Soc., Ed. by M. Bouchard, A. Faucher.

[9] S. G. Shabestari, M. Malekan: Journal of Alloys and
Compounds 492 (2010) 134-142.

[10] R. DasGupta, C. Brown, S. Marek: AFS Trans. (1988)
297-310.

[11] H. Beumler, A. Hammerstad, B. Wieting, R.
DasGupta: AFS Trans. (1988) 1-12.

[12] A. Mitrasinovic, F.C. Robles Hernandez, M.
Djurdjevic, J.H. Sokolowski: Materials Science and
Engineering A 428 (2006) 41-46.





