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ABSTRACT - The influence of melt superheating treatment with different superheating QERJI-L?&E;;E JTuongOZO
temperatures (750, 800, 850, and 900°C) on the microstructure of Al-15wt. % Mg2Si composites Accepted: 29 June 2020
before and after addition of Gd (1.0 wt.%) were studied. Microstructure characterisation was carried

out via optical microscopy (OM) and x-ray diffraction (XRD).The results showed that in the KEYWORDS
unmodified composite, when the temperature of superheating raised from 750°C to 900°C, the Aluminum matrix
primary Mg2Si experienced a decrease of the average grain size from 40 to about 32 pm, while, in composite (AMC); Mg2Si,
the Gd-modified composite, the particle size was refined considerably from 27 to 13 um by Superheating

increasing the temperature from 750°C to 850°C. Furthermore, with a further increase in temperature; Modification

temperature to 900°C, the particle size slightly increased to about 15 um which might be due to
the burning loss of Gd in the melt. Nevertheless, for both unmodified and Gd-modified composites,
the superheating temperature exhibited minor influence on the MgzSi crystals morphologies. It is
believed that compiling of Gd addition and superheating melt treatment is efficient to improve the
composite properties that could encounter the application requirements.

INTRODUCTION

Recently, Al-Mg,Si in-situ composite received considerable interest in the automotive industry, due to its desirable
properties which is due to the existence of the Mg,Si phase [1-5]. However, during fabrication of the composite under
low solidification rate (e.g. gravity casting), the formation of coarse and irregular morphology of primary and eutectic
Mg,Si phases in the Al-Mg-Si melt worsens the mechanical properties of Al-Mg,Si composite which restricts its
development and applications[1,2]. Therefore, it is essential to alter the structure of primary and eutectic Mg»Si phase
with the purpose of the mechanical properties of the subjected composite [1,2].

Besides modification, it has been proposed from different perspectives that for the purpose of refinement, superheating
melt treatment is a modest and efficient method [6-13]. Nordin et al. [14] reported that at a superheated temperature of
950 °C and holding time of 15 minutes, the primary Mg,Si with skeleton structure experienced size decrement of its fine
polygonal structure. Furthermore, Saffari et al. [15] claimed that by increasing the superheating melt temperature, the
primary Mg>Si particles size reduced compared to the Mg,Si particles in samples produced by gravity casting and
vibrating cooling slope (VCS). Nevertheless, the exact refinement mechanism of superheating treatment is still blurry; in
addition, there are some inconsistencies in its description. According to the first researcher’s findings, the particles are
not able to act as nuclei at normal pouring temperature as they are not small enough, while they may dissolve at high
temperatures and then the fine particles are reformed or precipitated which are appropriate for nucleation of small particles
[9,10]. Another explanation attributes to particle refinement is the heredity phenomenon in the materials in which during
the process of melting, clusters and solid particles that survived, may have influences on the re-solidified structures [7,8].
For example, Chen et al. [8] claimed that the modification of eutectic Si in Al-7Si-0.55Mg melt by superheating treatment
is by decreasing the Si-Si clusters heredity and altering its growth manner.

Furthermore, Li et al. [13] reported that the heredity of Al-16Si alloy decreased at high superheating temperature
(1050 °C). Increasing in undercooling by superheating is another explanation responsible for particle refinement. In fact,
by increasing the superheating temperature, the thermal diffusion leads to a more uniform distribution of alloying
elements, which obviously influence the undercooling and consequent solidification process[12,14]. For instance, Yin et
al. [16] found that at elevated superheating temperature (over 1873 K); the M963 alloy was refined due to high
undercooling in the melt.

In contrast to the explanations mentioned above, it is believed that at high superheating temperature establishment of
new heterogeneous nucleus results in the refinement of the particles [9,17]. In another study [9], it was proposed that in
Mg-Al-Mn alloys, superheating melt treatment can generate e-Al-Mn phase at high temperature, which moderately form
into metastable 1-Al-Mn phase, and can turn into an efficient non-homogeneous nucleation substrate.

*CORRESPONDING AUTHOR | H. Ghandvar | D<I hghandvar@yahoo.com 7967
© The Authors 2020. Published by Penerbit UMP. This is an open access article under the CC BY license.



|. Prima Nanda et al. | International Journal of Automotive and Mechanical Engineering | Vol. 17, Issue 2 (2020)

Although there are several studies about the role of superheating treatment on the Mg, Si particles refinement of in Al
or Mg composite reinforced with Mg,Si, limitations exist on the influence of different temperatures of superheating on
refinement/modification of Mg,Si phases in RE-modified Al-Mg,Si composites. Therefore, in the current work,
superheating process on Al-Mg,Si composite melts without and with Gd addition as well as their effects on the
microstructure features are examined experimentally.

MATERIALS AND METHOD

To produce Al-15%Mg,Si composite ingot, pure industrial grade Al, Si and Mg were used. In which, with the aid of
a resistance furnace, Al and Si melts were achieved at 800 °C, and once temperature decreased to 750 °C, the melt was
inserted with pure Mg. After homogenisation and removing of the dross, the melt was poured into a metal mould. The
compositions of the elements exist in Al-15wt.% Mg>Si composite is demonstrated in Table 1. After cutting off the
composite ingot into small pieces, an electric resistance furnace was used to melt 100g of the Al-15wt.% MgSi ingot.
After holding the melt for 5 min in the designed temperature (750 °C), Al-10Gd master alloy was added to the melts to
achieve the designed Al-15wt. % Mg,Si-1.0wt. % Gd. After manually stirring the melt with a stainless steel impeller, it
was held for 15 min at the pre-set temperature of 750 °C and then poured into a preheated steel mould (100 °C) to fabricate
cylindrical samples with 30mm diameter. The same procedure was repeated for temperatures of 800, 850 and 900 °C.
The standard metallographic procedure of the samples was initiated with the etching of the samples at room temperature
using 0.5% HF (volume fraction) for about 5s. Optical microscopy (OM) (Nikon-MICROPHOT-FXL) and x-ray
diffraction (XRD) (Siemens D500 x-ray diffractometer with a Cu Ka line) were used to examine the microstructure
characteristics of the specimens. Furthermore, to estimate the particle size, the intercept method was conducted on the
microstructure with low magnification, and the calculation was carried out on at least 70 particles.

Table 1. The composition of the elements exists in Al-15%Mg,Si (wt. %) ingot.

Element Weight (%)
Al 84.60
Mg 8.50

Si 6.70

Fe 0.12

A% 0.02

Cr 0.01

Ni 0.01
Mn 0.01

RESULTS AND DISCUSSION
Analysis of X-ray Diffraction (XRD)

Figure 1 illustrates the XRD pattern of unmodified and 1.0wt. % Gd modified Al-15wt. % Mg,Si composites
processed at 750 °C and 900 °C. As observed, all composites consisted of Al and Mg»Si phases as expected, in addition
to ALSi>Gd and AlSiGd owning to the Gd intermetallic compounds (IMCs) formation in the Gd-treated samples.
Therefore, it indicates that the increase in temperature from 750-900°C had no effect on the phase compositions of Al-
15wt. % Mg,Si composites.
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Figure 1. XRD patterns of Al-15wt. % Mg»Si composites in (a) untreated and (b) Gd-treated conditions at 750 °C and
900 °C temperatures
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Analysis of Microstructure

Figure 2 and 3 depict the effect of superheating temperatures on the microstructure of the unmodified and Gd-modified
Al-15wt. %Mg,Si composites, respectively. As seen in Figure 2(a) to 2(d), with increase of temperature, the grain size of
the primary Mg,Si particles decreased in the unmodified composite. Furthermore, the significant changes in the size of
the primary Mg,Si particles are as depicted in Figure 3(a) to 3(d).
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Figure 2. OM micrographs of untreated Al-15wt. % MgSi composites at different temperatures of superheating:
(a) 750 °C; (b) 800 °C; (c) 850 °C; (d) 900 °C
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Figure 3. OM micrographs of Gd-treated Al-15wt. % Mg,Si composites at different temperatures of superheating:
(a) 750 °C, (b) 800 °C, (c) 850 °C and (d) 900 °C

Figure 4(a) and 4(b) illustrate the changes in the size of primary Mg;Si particle in both unmodified and Gd-modified
composites as a function of melt superheating temperature, respectively. When the temperature increased from 750°C to
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900°C, the coarse dendritic primary Mg>Si particles was refined considerably in the unmodified composite, from larger
than 40 um to 32 pm or less (as in Figure 4(a)). Simultaneously, the density of Mg,Si particles increased as a result of
size reduction and showed that in the matrix of Al, the particles are distributed uniformly as shown in Figure 2(a) to 2(d).
As seen in Figure 4(b), a considerable reduction can be detected in Mg,Si particles size from about 27 um to 13 um in
the modified composite with an increase in temperature from 750 °C to 850 °C. With further increase in temperature to
900 °C, the modified Mg,Si particles showed a reverse trend, and the particles became coarser with the increased size of
about 15 um; refer to Figure 4 (b). Thus, the temperature of 850 °C is considered as the proper superheating temperature
for the goal of primary Mg»Si particles refinement in Al-15wt. % Mg>Si composites.
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Figure 4. Influence of temperature of superheating on the size of primary Mg,Si particles in Al-15wt. % Mg,Si
composites in (a) untreated; (b) Gd-treated.

From the comparison between Figure 2 and Figure 3, it can be taken into account that the primary Mg»Si crystal
altered from a coarse dendritic structure to a fine truncated octahedral shape. Moreover, the eutectic Mg»Si crystal
transformed from Chinese script shape to fibre-like structure. The results show that the Gd addition can efficiently modify
the Mg,Si particles, in which the corresponding modification mechanism is discussed later. The magnified images of
Mg>Si particles in unmodified and Gd-modified Al-15wt. % Mg,Si composites at different superheating temperatures of
750°C and 900°C are illustrated in Figure 5 and 6, respectively.
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Figure 5. Magnified structures of primary Mg,Si in Al-15wt. % Mg»Si composites in untreated and Gd-treated
conditions in at various temperatures of superheating: (a) 750 °C (untreated); (b) 900 °C (untreated); (c) 750 °C
(treated); (d) 900 °C (treated)
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Figure 6. Magnified structures of eutectic Mg,Si in Al-15wt. % Mg,Si composites in untreated and Gd-treated
conditions in at various temperatures of superheating: (a) 750 °C (untreated); (b) 900 °C (untreated); (c) 750 °C
(treated); (d) 900 °C (treated)

Mechanism of Particle Refinement/Modification

The reduction of heredity is one of the explanations for particle refinement. In Al-Si-Mg-Cu, morphology
transformations of the primary Mg»Si particles after superheating melt treatment due to alteration of the initial structure
and melt heredity, as proposed by QIN et al. [12]. Furthermore, the decrease of heredity has a significant influence in
Mg,Si particles refinement in Mg-1.5Si-1Zn alloy during superheating melt treatment, as proposed in another study [2].
In the present study, it is proposed that in the unmodified Al-15wt. % Mg,Si composite, refinement of Mg,Si phases (both
primary and eutectic) after superheating treatment is because of the reduction in heredity. It is believed that in low
superheating temperature (e.g. 750°C), there are a number of solid spots and somewhat atom clusters with large
movements which have similar features to the ingot in the melt because of heredity. The nucleation occurs due to the
existence of solid spots and large clusters; thus, during subsequent solidification procedure, the particles grow coarser
easily. When the superheating temperature is increased, the atom clusters with large moving feature and solid particles
dissolve gradually and form into fine clusters which are suitable for small particles nucleation. For Gd-modified Al-15
wt. % Mg>Si composite, the mechanism of refinement of Mg,Si particles is due to the probable descriptions as follows:

i.  For the refinement of Mg,Si particles in Gd-modified composite, the decrease of heredity plays a significant role.

ii.  The existence of Gd addition in melt leads to refinement and modification of the Mg,Si particles due to the
presence of Alz3Gd phase as non-homogeneous nucleation substrates for primary Mg,Si particles and poisoning
effect of Gd element, as well as restricted growth mechanism as a result of presence of Gd rich intermetallics
(AISiGd, ALSi,Gd) in the composite structure (of Figure 1), which promotes particle size reduction [18].
Nonetheless, the burning loss of the Gd in the melt occurred at elevated superheating temperature (i.e. 900 °C),
which led to a minor increase in the particle size; refer to Figure 3(d) and 4(b).

Hardness Properties

The influence of the superheating process on the hardness property of Al-15%Mg»Si composites with and without Gd
addition is illustrated in Figure 7. It can be observed that the hardness of both unmodified and Gd-modified composites
increased when the temperature of superheating is increased. However, in the Gd-modified composites, further increase
of the temperature to 900 °C resulted in the decrease of the hardness value, which is due to the reduction of the
modification effect of Gd on the Mg,Si particles, owing to burning of the Gd element at high temperature (900 °C). In
fact, the formation and Mg,Si particles distribution in the matrix of the composites affect the hardness of the fabricated
materials [19]. The hardness of the composites was enhanced when the particles are distributed homogeneously in the
matrix, as harder ceramic particles can resist the stress [20,21]. As depicted in Figure 7, higher superheat temperature
contributed to better particles distribution, which affected the hardness of the composites. When the superheat temperature
increased from 750 °C to 900 °C, the hardness values of the unmodified composites increased from 54.98 HV to 65.30HV.
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In addition, the hardness value of Gd-modified composites increased from 67.36 HV to 73.17 HV with increasing the
temperature of superheating from 750 °C to 850 °C.
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Figure 7. Hardness values as a result of different temperatures of superheating in (a) untreated and (b) Gd-treated Al-
15%Mg>Si composites.
CONCLUSION

The influence of the superheating melt treatment on microstructure and hardness property of Al-15%MgSi in-situ
composites in unmodified and 1.0 wt.% Gd-modified conditions was investigated. The concluding observations are as
follow:

i.  To obtain a refined Mg»Si particles in Al-Mg»Si composites, superheating melt treatment can be a good option, in
which in the unmodified Al-15wt. % Mg>Si composite, the coarse Mg,Si particles was refined progressively by
increasing the temperature of superheating from 750 °C to 900 °C. Likewise, in the Gd-modified composites, the
primary Mg,Si particles refined considerably when the temperature increased from 750 °C to 850 °C.

ii.  Furthermore, with increasing the temperature to 900 °C, the particle size increased slightly, which can be as a
result of a loss of Gd in the melt due to burning. In higher superheat temperature, the heredity of the composite
melt decreased, which led to the re-melting of all solid particles, impurities, and finer particles to be re-nucleated.
These fine particles served as non-homogeneous nucleation substrate for precipitation of Mg,Si particles;
therefore, little undercooling was required, and as a result, the fine Mg,Si particles were formed.

iii. The primary and eutectic Mg,Si morphologies were marginally affected by superheating temperature in
unmodified and Gd-modified composites. However, refinement/modification of Mg,Si particles depicted the
enhancement in hardness value of the composites.
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