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Abstract
Molding material-related studies within the research activities concerning foundry technology have always been limited 
despite the significant effect of molding mixtures on the quality of cast parts. One reason behind this trend is the difficulty in 
interpreting the results of such complex systems like molds and cores. This paper provides a new possibility for studying the 
heat-absorption performance of materials used as molding media in metal casting processes. By further developing the Fourier 
thermal analysis method of cores and molds introduced by earlier studies, the investigation of unbonded sand has become 
available. The heat-absorption properties of the components can be hereby separated and studied respectively. Thermal anal-
yses were performed on sphere-shaped resin-bonded cores with various binder levels as well as on unbonded sand samples. 
The temperature data collected from two points of the samples were then used for the calculation of the novel thermophysical 
properties. The results revealed not only quantitative but qualitative differences in the characteristics of the binder decompo-
sition processes, providing a deeper understanding on the thermal behavior of molding materials. The outcome of the research 
provides more accurate data, which is the key for the improved simulation of casting processes.

Keywords: 

casting, foundry sand, Fourier thermal analysis, heat absorption, molding material, silica sand

1. INTRODUCTION 

In the hot box process, a mixture of sand, furan, or phe-
nolic thermosetting resin with a nitrate or chloride cata-
lyst are blown into a heated core box. This is a quite rapid 
core-making method that provides good dimensional accu-
racy and is suitable for the serial production of cores used 
in iron, steel, or aluminum casting. The temperature of the  
tool (220–240°C) ensures an approx. 30s polymerization 
time and can vary depending on the geometry of the core, 
the composition of the mixture, and the type of resin used. 
The typical resin level is approx. 2% based on the weight of 
the sand, and the catalyst ratio is approx. 25% based on the 
weight of the resin.

The behavior of the most commonly used molding mix-
tures have been thoroughly studied by previous authors on 
various instruments [1–4]. However, the variety of organic 
binder systems is updated time and again based on custom-
er requirements as well as economic and environmental 
considerations.

Besides the traditional experiments to determine mechan-
ical properties of cores and molds, research interest has been 
focusing on the thermophysical behavior of the materials as 
well [5–8]. This is crucial for the prediction of the tempera-
ture field; therefore, it determines every parameter that 
affects the simulation result. Researchers have made inten-
sive efforts to find solutions for reproducible in situ methods 
with improved accuracy; thus, there are many experimental 
layouts that can be found in the literature [9, 10]. 

However, the interpretation of results related to molding 
mixtures is complicated since the number of influencing 
factors is too high and it is difficult to determine the rela-
tionship between cause and effect. Molds and cores consist 
of base aggregates, binders, and additives, constructing 
a granulous porous system in which the refractory grains 
are connected to each other with binder bridges. During the 
casting process, the properties of each component chang-
es as the temperature increases, resulting in unpredictable 
behavior of the mold. The measured parameter is, thus, an 
average of the whole system and cannot be referred to the 
components directly. To obtain a comprehensive under-
standing of molding materials, the problem of separating 
complex results needs to be solved.

Thermal analysis is a well-known and applied tech-
nique to monitor the solidification behavior of cast alloys.  
Svidro et al. [11] developed a novel application of thermal 
analysis to gain knowledge about the thermophysical prop-
erties of molding mixtures [12]. The calculated parameters 
are regarding mixtures; therefore, it is not possible to associ-
ate them with the various components of the core. With the 
purpose of obtaining more detailed results through the sep-
aration of various heat-absorbing phenomena, the develop- 
ment of the above-mentioned method [11] has been sub-
jected. By means of this innovation, it is now possible to per-
form an in situ thermal analysis of unbonded foundry sands, 
which is a novel approach in the research of molding mate-
rials. This paper introduces the recent updates attained and 
the utilization possibilities of our experimental results.
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2. MATERIALS AND MEASUREMENT METHODS

The temperature of sphere-shaped samples with a diameter 
of 40 mm was measured during their immersion into mol-
ten aluminum. The two measuring points were on the hori-
zontal center plane – one in the middle of the specimen, and 
the other 10 mm from the edge. The N-type thermocouples 
were protected by quartz pipes that did not reach the meas-
uring points, so the thermocouples were in direct contact 
with the sand and mixtures. Figure 1 shows an isometric 
view of the measurement layout.

Since unbonded sand samples would collapse without 
a binder, thin-walled containers made of aluminum-oxide 
were used for the experiments. The heat-absorbing proper-
ties of pure silica sand was studied and used as a reference 
point for furan hot-box mixtures with various resin levels. 
The base sand was the same type of foundry silica sand for 
all of the mixtures, as was the unbonded sample. This is 
a clean well-graded sand that consists of three main frac-
tions; the grain-size distribution and cumulative mass pass-
ing through each sieve versus the sieve opening is shown  
in Figure 2. The shown granulometric properties were 
determined by a sieve analysis using ISO standard aperture 
sizes.

The composition of the studied materials is shown  
in Table 1. The studied hot-box binder system consists of 
a furan urea resin that is especially suitable for aluminum 
casting and a hardener that is an aqueous solution of inor-
ganic acid salts (and also suitable for the manufacture of 
cores for light-metal casting). The mixing time was 1 + 1 
minutes with the hardener and then the resin, respectively. 
The mixture was blown into a core box heated to 200°C. The 
samples were produced in a BENETLAB laboratory core 
shooter machine. To avoid differences in the experimental 
conditions, the resin-bonded cores were also coated with an 
aluminum-oxide layer. The bulk density was set to equal for 
all four specimens: 1.37 ± 0.02 g/cm3. The temperature of 
the aluminum melt was 680 ± 10°C.

 

There are major differences in the approach of this method 
and other common laboratory experiments. This layout is 
meant to reproduce conditions similar to the casting proc-
ess where the molding material is in direct contact with 
the melt. It also provides higher heating rates when com-
pared to that which is achievable in laboratory devices (like 
DSC, DTA, LFA, or muffle furnaces). Additionally, the sphere 
shape has essential importance in calculating the of ther-
mophysical properties, since the temperature gradient is 
homogenous in this geometry. The rates of heat absorption 
versus temperature were determined by a Fourier thermal 
analysis. The temperature data was evaluated by an iter-
ation algorithm based on the heat-conduction equation 
explained in a previous paper [11].

3. RESULTS AND DISCUSSION

The main results of the calculations are the rates of heat 
absorption versus temperature in the center of the sam-
ple. This attribute describes the energy absorbed by a unit 
mass of the molding mixture versus time in addition to the 
energy consumed to raise the temperature of a unit mass 
of the material. Figure 3 shows the results of the three mix-
tures with different resin levels. The peaks indicate heat- 
-absorbing processes like moisture evaporation, resin de-
composition, and the allotropic transition of quartz. A pre-
vious author studied the degradation process of a hot-box 
furan binder system in a simultaneous thermal analyzer 
both in oxygen and oxygen-free atmospheres and found 
evidence of a similar multi-stage decomposition [13]. It 
is considered to have mixed atmospheric circumstances 
inside the spherical samples during the measurement; 

Table 1	  
Composition of studied samples

Binder content  
– based on weight  

of sand, %

Hardener content  
– based on weight  

of resin, %

0 0

1 33

2 33

3 33

Fig. 2. Grain size distribution of studied silica sand

Fig. 1. Isometric view of measurement layout
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oxygen is present in the pores at the beginning of the ex-
periment, which is continuously displaced by water va-
por and the gases evolving from the decomposing binder. 
However, the main steps of the degradation process occur 
within similar temperature ranges as in both cases of the 
previous work (at approx. 180° and 300°C).

A comparison of the pure sand and the mixture with 
2% resin is shown in Figure 4. In the unbonded sand, only 
two significant processes can be observed. The first one is 
related to the evaporation of the water content of the sand  
above 100°C. The second peak is apparently due to the 
α-quartz to β-quartz transition at 573°C. The heat absorp-
tion of the mixture is more complex, with several peak val-
ues that show the multi-stage decomposition of the resin.

The major benefit of being able to investigate pure  
sand in its unbonded form is that it can be utilized in 
the interpretation of the results collected from bonded 
mixtures. 

By means of the result of unbonded sand, it is possible 
to determine the binder decomposition process of the 
hot-box system directly. Subtracting the data regard-
ing the pure sand from the results of the mixture, the 
heat-absorption rate of the polymerized binder can be  
obtained (Fig. 5).

The curves also show that the energy needed for decom-
position increases with the addition of resin. However, the 
values of the particular maximum peaks are not in a linear 
relationship. Furthermore, the second step of the decom-
position (at around 200°C) has no significant influence on 
the heat-absorbing properties below a certain level of res-
in content, as it is overlapped by the effect of the base sand 
within that temperature range. Regardless of the resin 
level, the degradation of hot-box furan system is complet-
ed by the time the temperature reaches 550°C.

4. CONCLUSION

The unique thermal analysis technique used for the exam-
ination of molds and cores has been refined. The opportu-
nity to investigate unbonded aggregates provides a new 
approach to the evaluation of thermal analysis results. 

Studying different levels of binders highlighted the fact 
that, although a higher resin content causes higher heat 
absorption, it affects the heat-absorbing characteristics 
as well. By collecting the thermophysical properties of 
the main ingredients, it is possible to virtually build up 
any kind of molding mixture combinations (component 
by component). With the help of such a database, not only 
is a more accurate simulation is achievable, but one’s cus-
tomized needs can be fulfilled.

Fig. 3. Rate of heat absorption of hot-box mixtures with different 
resin content versus temperature

Fig. 4. Rate of heat absorption of unbonded and resin bonded sam-
ples versus temperature

Fig. 5. Rate of heat absorption of hot box furan systems versus tem-
perature
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Abstract

The grain refinement in a real casting manufactured by Low Pressure Die Casting (LPDC) such as wheels and steering knuckles 
depends on the grain-refinement potential of the metal and the geometry of the part/process parameters. For this study, the 
effect of the cooling rate on the AlSi7Mg alloy with different metal qualities in terms of grain refinement was tested. The grain 
size has been metallographically evaluated in cylindrical test pieces and in the real wheels and steering knuckles manufactured 
at the Mapsa and Fagor Ederlan foundries. The Thermolan®-Al system has been used to evaluate the nucleation potential in 
terms of grain size on a standard cup. The grain size has been modeled taking into account the effect of the cooling rate mea-
sured in the center of the cylindrical test parts and the different grain-size potential. Different grades of refinement have been 
tested. The grain size measured in a real casting (wheel and steering knuckle) was used to calibrate the model for a real part in 
LPDC for different grain-size potential. 

Keywords:
grain refinement, AlSi7Mg alloy, thermal modulus, cooling rate, solidification evolution

1. INTRODUCTION

Aluminum-silicon alloys are the most widely used alloys for 
producing aluminum castings because they have very good 
foundry properties and may be adapted to span a large 
range of mechanical properties [1–3]. Grain-size refinement 
is one of the melt treatments commonly applied to these 
foundry alloys. The grain size has a very clear effect on the 
shrinkage behavior: well-refined alloys generally tend to 
display less shrinkage that is more finely dispersed. Thus, 
in those parts that comprise the zones that are difficult to 
adequately feed, a good grain refinement can decisively re-
duce the porosity [1–3]. 

The quality of the melt preparation in terms of grain 
refinement has been extensively studied by thermal analy-
sis techniques for standard cups in the AlSi7Mg alloy [3–18]. 
However, obtaining a proper grain refinement in a standard 
cup does not assure that the grain refinement is correct in 
real parts (as was reported in a previous work for sand cast-
ings [12]). 

The objective of the present work was to establish a quan-
titative relationship between the parameters from a thermal 
analysis with a standard cup using Thermolan®-Al [11, 12] 
and the local grain size in parts comprised of zones with dif-
ferent thicknesses and, consequently, different local solid-
ification rates. In the first phase, an experimental metallic 

mold comprised of five cylinders of increasing diameters 
was used to establish this model. With such a simple geom-
etry, the thermal moduli of the different cylinders could 
be easily defined and correlated to the local cooling rates 
(which ranged from –31.5° to –5.1°C/s depending on the 
modulus of the cylinder). Samples of the AlSi7Mg alloy with 
different potentials of grain refinement were prepared and 
cast to develop the desired model.

In the second phase, this model was validated on Low 
Pressure Die Casting (LPDC) wheels and steering knuckles 
manufactured at the Mapsa and Fagor Ederlan industrial 
facilities. They were cast after modifying the grain-refine-
ment potential of the melt.

2. DESIGN OF EXPERIMENTS

The AlSi7Mg alloy with a Mg content of between 0.22 and 
0.45 wt.% and a Ti content that varied between 0.08  
and 0.17 wt.% was studied under different grain-refine-
ment conditions that were obtained by adding different 
quantities of Ti5B1 grain refinement (see chemical com-
position in Table 1). On Test References 9 and 10, both 
cylinders and wheels were cast. Previous to the casting of 
the test part, the grain-size potential was evaluated by the 
Thermolan®-Al system [11], with GSTH-Al, ranging from 0.37  
to 1.0 mm. 
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Three different types of castings were tested to evaluate 
the grain size metallographically: 

•	 a test piece with five cylinders (with heights equal to their 
diameters) was cast in a permanent metallic mold (see 
Figure 1);

•	 a real wheel and real steering knuckle were cast in in-
dustrial LPDC facilities following the usual die-cooling 
management strategies.

A thermocouple located at the center of each cylinder 
records the temperature evolution during the cooling and 
solidification. An example of the recorded curves of the cyl-
inder mold is shown in Figure 2. As can be observed on the 
graph, the solidification time depends on the cylinder size; 
the larger the cylinder, the longer the time.

The die temperature of the cylinders was set at 350°C in 
order to achieve Secondary Dendrite Arm Spacing (SDAS) 
in the cylinders (similar to the observed values in selected 
industrial castings). The diameters, cooling rates at 635°C, 
and SDAS values of the cylinders for a die temperature of 
350°C are listed in Table 2.

Figure 3 is a typical example of a cooling curve recorded 
with the AlSi7Mg alloy during its solidification in the stan-
dard Thermolan®-Al sand cup. 

Table 1	  
Chemical analysis of investigated AlSi7Mg alloy [wt.%] for cylinder castings and wheels

Ref. Si Fe Cu Mn Mg Ti Sr

Cylinders

1 7.5 0.11 <0.02 <0.05 0.45 0.14 0.0257
2 7.1 0.11 <0.02 <0.05 0.39 0.14 <0.001
3 7.1 0.11 <0.02 <0.05 0.40 0.17 0.0147
4 7.1 0.11 <0.02 <0.05 0.39 0.15 0.0163
5 7.1 0.11 <0.02 <0.05 0.40 0.16 0.0150
6 7.3 0.10 <0.02 <0.05 0.37 0.13 0.0183
7 7.3 0.09 <0.02 <0.05 0.31 0.14 0.0202
8 7.0 0.08 <0.02 <0.05 0.44 0.11 0.0192

C+W
9 7.0 0.14 <0.02 <0.05 0.22 0.08 0.0240

10 7.1 0.15 <0.02 <0.05 0.27 0.13 0.0207
SK 11 6.4 0.12 <0.02 <0.05 0.43 0.07 0.0165

• C + W: cylinders and wheels
• SK: steering knuckle

Fig. 1. Photo of one half of metallic mold designed for casting test 
cylinders with different thermal moduli
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Fig. 2. Cooling curves of cylinders of Alloy 9

Table 2	  
Diameter (equal to height), SDAS, and cooling rate at 635°C of five 
test cylinders at die temperature of 350°C

Cylinder diameter, mm 24 36 48 60 72

Cooling rate, °C/s –31.5 –19.3 –15.8 –8.8 –5.1

SDAS, µm 22.9 28.3 30.5 35.1 42.6

Fig. 3. Example of cooling curve in standard sand cup with defini-
tion of characteristic parameters for primary Al nucleation

0 100 200 300 400
540

560

580

600

620

640

660

680

700

Te
m

pe
ra

tu
re

, o C

Time, s

0 5 10 15 20 25 30 35 40
604

606

608

610

612

614

Te
m

pe
ra

tu
re

, o C

Time, s

∆TAl

16 s
TAl min

TAl max

dT/dt = -2 oC/s

KF16

tf,Th-Al 



A.I. Fernández-Calvo, I. Lizarralde, E. Sal, P. Rodríguez, E. Ochoa de Zabalegui, I. Cia, A. Rios 73

https://journals.agh.edu.pl/jcme

The insert shows an enlarged view of the part related to 
the start of solidification where the various parameters con-
sidered to be the characteristics of the nucleation of the (Al) 
primary phase are illustrated. These parameters are defined 
as [9, 11, 12, 18, 19]:

•	 ∆TAl is the recalescence; i.e., the difference between the 
maximum TAlmax and minimum TAlmin temperatures;

•	 KF16 is defined as the difference between the tempera-
ture when the cooling rate is 2°C/s and the temperature 
recorded 16 s later;

•	 tf,Th-Al is the nucleation time; it is the time difference be-
tween the moment corresponding to the minimum in 
temperature and the time at which that temperature is 
again reached after recalescence. In the absence of re-
calescence, tf,Th-Al is the time during which the temperature 
remains constant.

After the casting, all cylinders, wheels, steering knuckles, 
and thermal cups were cut and prepared for metallograph-
ic observation. For grain-size estimation, the samples were 
submitted to an electrolytic Baker's etching and observed 
under polarized light in an optical microscope. The grain 
size was estimated by the intercepted procedure.

In the polished samples without etching, the secondary 
dendrite arm spacing (SDAS) was measured by the mean lin-
ear intercepted method.

3. RESULTS AND DISCUSSION 
 
Thermal analysis cup results

With each alloy, one standard thermal cup for analysis by 
Thermolan®-Al and estimation of the above listed param-
eters was also cast. The thermal analysis parameters that 
are most significant for the prediction of grain size are the 
tf,Th-Al, KF16, and ∆TAl [11]. All of these are considered in the 
equation of the grain-size prediction in the thermal cup. The 
values of the parameters for the standard cups and the cor-
responding predicted grain size GSTh-Al [11, 12–14] for the 
cylinder castings, wheels, and steering knuckles are listed  
in Table 3.

The effect of the grain refinement on the microstruc-
ture of the standard thermal cups is illustrated in Figure 4,  
where the grain size changes from 0.37 to 0.96 mm (the 
predicted GSTh-Al values) depending on the melt. 

Tables 1 and 3 may be checked to compare whether or 
not there is a simple relationship between the amount of 
the Ti-bearing master alloy in wt.% and the grain refin-
ing. No grain refinement has been added in the coarser  
alloys (2, 4, and 9). It should be noted that the effectiveness 
of the grain refinement also depends on the Ti content of 
the alloy before the addition of the Ti-bearing master 
alloy, as the reaction of the latter may depend on its initial 
Ti content in the melt [17]. As a consequence, a chemical 
analysis of the metal is not sufficient to provide informa-
tion regarding the grain-refinement efficiency.

Ref. tf,Th-Al,  
s

KF16,  
°C

∆TAl,  
°C

GSTh-Al ,  
mm

Alloy

1 1.4 5.80 0.0 0.43
2 8.8 3.62 0.7 0.97
3 0.8 6.43 0.0 0.37
4 9.8 3.33 0.7 0.95
5 4.0 5.05 0.0 0.54
6 8.2 4.04 0.6 0.96
7 1.0 5.90 0.0 0.40
8 4.0 4.55 0.0 0.52
9 9.0 4.20 0.6 1.00

10 3.2 5.10 0.0 0.51
11 1.6 5.30 0.0 0.44

Table 3	  
Thermal analysis parameters of standard sand cup and predict-
ed GSTh-Al values by Thermolan®-Al Fig. 4. Micrographs illustrating the range of grain size observed in 

thermal cups: a) GS = 0.96 mm, b) GS = 0.52 mm, c) GS = 0.37 mm

b)

a)

c)
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Cylinder tests. Model development

The effect of grain refinement as a consequence of the 
different cooling rates achieved in the cylinders is shown 
in Figure 5 for Alloy 9. The effect of the thermal modulus 
(i.e., cylinder diameter) on the cooling curve is illustrated 
in Figure 6 for the same melt and compared to the thermal 
analysis cup. Decreasing the casting modulus leads to high-
er cooling rates and lowers both the start of solidification 
and the (Al)-Si eutectic temperatures; this also leads to 
shorter overall and eutectic solidification times. 

Considering the whole series of cooling curves, the cool-
ing rate varied between –31.5° and –5.1°C/s at the start of 
solidification (see Table 2). The cooling rate of the thermal 
analysis cup is –6.1°C/s; thus, it is much slower. This can be 
clearly seen in Figure 6. 

Figure 7 shows the effect of the liquidus cooling rate 
on the grain size for the different cylinders cast with the 
ten melts. As expected, the grain size decreases when the 
cooling rate is higher. 

It is of some interest to note that a linear relationship 
may be established between the grain size and the liq-
uidus cooling rate for the range investigated. It should 
be further stressed that the coefficients of this linear 
relationship are related to the grain refinement that 
is observed on the thermal analysis cup. A slight differ-
ence on the slope for the different trials and the grain-re-
finement conditions can also be observed. Due to the 
small difference, an average of the slopes has been tak-
en, and the corresponding constant has been adjusted. 
On the cylinders cast in the sand molds, a correlation 
between the slope and the parameters of the grain-
size prediction on the Thermolan®-Al is obtained [12].  
However, this correlation is not observed on the metallic 
mold samples; this is likely due to the high cooling rate 
and shorter solidification time.

Fig. 6. Cooling curves of one melt obtained from cylinders with var-
ious moduli cast in permanent mold. Curves are labeled with corre-
sponding diameters in mm, and curve obtained on thermal analysis 
cup is added for comparison
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Fig. 5. Micrographs illustrating effect of thermal modulus on 
grain size for different cylinders for one melt (GSTh-Al = 1.00 mm):  
a) GS = 0.86 mm, b) GS = 0.56 mm, c) GS = 0.42 mm

b)
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The constants of the curves have been plotted with the 
different parameters obtained from the thermal analysis;  
it was found that the appropriate parameter to use is solidi-
fication time tf,Th-Al. This is illustrated in Figure 8, where it can 
be seen that a line is again found. 

Associating the fitting values for the constants give the 
following equations between the grain size in cylinder GS 
cylinder [mm], solidification time tf,Th-Al from the thermal 
cup, and liquidus cooling rate |Ċ| of the cylinder described 
in Equation (1):

cylinder f,Th-Al 0.0096| C| [0.021 0.56]  = + ⋅ +GS   t (1)

The fitting parameter between the experimental data of 
the grain size of all of the cylinder castings and the predicted 
values, R2 is high enough at 0.75 (see Figure 9).

To validate the model in a complex real casting, two auto-
motive components (a wheel and steering knuckle) have 
been selected and cast in Low Pressure Die Casting (LPDC) 
with different grain-size potentials. The local solidification 
time predicted by the simulation software in the selected 
wheel is shown in Figure 10. It is evident that the final ther-
mal modulus and solidification time depend strongly on the 

geometry and the die’s thermal management. Six different 
locations were selected to evaluate the grain size metallo-
graphically in the wheel and steering knuckle. An example of 
the grain-size variation in the wheel for the different solidifi-
cation time areas in the case of a coarse grain size (GSTh-Al) of 
1.0 mm evaluated by Thermolan®-Al is shown in Figure 10. 
A variation between 0.45 and 0.65 mm is observed. 

Among other factors, Equation (1) depends on the cool-
ing rate; this is evaluated in the cylinders by analyzing the 
real cooling curve using thermocouples. For evaluating the 
cooling rate in the real parts, it is not easy to insert thermo-
couples in the mold; therefore, another way of calculating 
the cooling rate is needed. Thus, a correlation with an easier 
evaluating microstructural feature is desirable. For this pur-
pose, SDAS was the selected parameter. The SDAS was eval-
uated in each cylinder of the ten series. The average value of 
the ten different melts was calculated and plotted versus the 
cooling rate (Fig. 11).
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In the literature, the SDAS data is often related to either 
the cooling rate or the time for a complete solidification (ts) 
according to Equation (2), where A and n are constants that 
depend on material properties [20–22]. 

n
s SDAS A= ⋅ t (2)

An exponent of 1/3 has been reported by several au- 
thors [20–22]; this is in agreement with the theoretical val-
ue expected for the model of a ripening controlled mecha-
nism for the volume diffusion of the solute in the liquid [20]. 

1/3
s SDAS 10= ⋅ t (3)

In order to correlate the SDAS with the cooling rate, the 
following equation is obtained by developing Equation (3):

1/3 SDAS | C|−= ⋅ K  (4)

Thus, a good correlated equation is obtained to relate the 
cooling rate with the SDAS:

0.327
cylinder SDAS 72.83|C|−=    (5)

Real parts. Model validation

In order to validate the developed model for the grain-size 
prediction described in Equation (1), a wheel and steering 
knuckle cast in a low-pressure die casting are selected (see 
Figure 12). 

The grain-size data evaluated in the two wheels cast 
with different nucleation potential melts evaluated by 
Thermolan®-Al is listed in Table 3. The grain size in the 
real casting depends significantly on the grain-size poten-
tial evaluated in Thermolan-Al as well as the cooling rate. 
Significant differences can be observed in the SDAS evalua-
tion between the different zones of the casting for each melt 
(from 28 to 43 µm), so a difference is also observed in the 
cooling rate evolution on the part. 

Considering the SDAS obtained metallographically and 
that relating to the theorical cooling rate calculated by 
Equation (5), the following correlation is obtained between 
the cylinders and the real parts (see Figure 13).

4. CONCLUSIONS

The grain refinement in a real casting manufactured by low 
pressure die casting (LPDC) depends on the grain refine-
ment potential of the metal, the casting geometry, and the 
die’s thermal management. 

For this study, the effect of the cooling rate on the AlSi7Mg 
alloy with different metal qualities in terms of grain refine-
ment was tested. The grain size has been metallographically 
evaluated in cylindrical test pieces as well as in real wheels 
manufactured at MAPSA. The Thermolan®-Al system was 
used to evaluate the nucleation potential in term of grain 
size on the standard thermal analysis cup. 

Thus, a thermal analysis of the melt prior to casting allows 
us to predict whether the desired grain size will be obtained 
in different locations of the part or if corrective actions must 
be taken to improve the grain-refinement potential of the 
melt.

The most important conclusions are as follows:

•	 for each melt, a linear relationship was observed between 
the grain size and the cooling rate of the cylinder castings;

•	 an exponential equation is obtained between the SDAS 
values and the cooling rate of the cylinders;

•	 it is possible to formulate an equation that provides grain 
size as a function of the cooling rate and nucleation time 
evaluated from the cooling curve recorded on the stan-
dard thermal cup; namely, tf,Th-Al;

Fig. 12. The wheel and the steering knuckle selected for the model 
validation 

Fig. 13. Plot of experimental versus calculated values of grain size 
in cylinder casting, wheels, and steering knuckles
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•	 the model for grain-size prediction developed by the cyl-
inder castings is validated in several wheels and steering 
knuckles;

•	 knowing the cooling rate, it is possible to predict from 
the standard thermal analysis whether the grain refining 
treatment will be appropriate for the part being cast or if 
it must be adjusted.
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