
Citation: Haga, T.; Fuse, H. Fluidity of

Pure Aluminum in a Narrow Channel

Die Gap during Die Casting. Metals

2024, 14, 1133. https://doi.org/

10.3390/met14101133

Academic Editor: Wislei Riuper

Osório

Received: 24 August 2024

Revised: 18 September 2024

Accepted: 3 October 2024

Published: 4 October 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

metals

Article

Fluidity of Pure Aluminum in a Narrow Channel Die Gap during
Die Casting
Toshio Haga 1,* and Hiroshi Fuse 2

1 Department of Mechanical Engineering, Faculty of Engineering, Osaka Institute of Technology,
Osaka 535-8585, Japan

2 MOZUKURI Center, Faculty of Engineering, Osaka Institute of Technology, Osaka 535-8585, Japan;
hiroshi.fusel@oit.ac.jp

* Correspondence: toshio.haga@oit.ac.jp

Abstract: Fluidity tests of 99.9%Al and 99.7%Al were conducted using a die casting machine equipped
with a spiral die with a channel gap of 0.5 mm. The effects of die temperature and plunger speed
on the fluidity were investigated. To clarify the flow length for these alloys, ADC12 and Al-X%Fe
(X ≤ 1.1) were also cast. A 1.0 mm channel gap was also used to compare the fluidity in a wider gap.
The fluidity of 99.9%Al and 99.7%Al at a die temperature of 30 ◦C and a plunger speed of 0.2 m/s was
superior to that at 150 ◦C and 0.8 m/s when the channel gap was 0.5 mm, and similar results were
found for ADC12 and Al-X%Fe. When the die temperature was 30 ◦C, the fluidity of 99.9%Al and
99.7%Al decreased as the plunger speed increased when the channel gap was 0.5 mm, and similar
results were also found for ADC12 and Al-X%Fe. These results did not align with conventional
expectations. A discussion of the results based on the peeling and re-melting of the solidified layer
was provided.
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1. Introduction

Pure aluminum has higher thermal conductivity than the aluminum alloys commonly
used for die casting, such as JIS ADC12 [1]. Heat sinks cast from pure aluminum may have
excellent heat dissipation characteristics, and there is a strong demand for lightweight heat
sinks with thin fins. However, the effect of casting conditions on the fluidity of the pure
aluminum in a narrow die gap has not been fully clarified in die casting. The purpose of
this study is to elucidate the effect of casting conditions on the fluidity of 99.9%Al and
99.7%Al in a narrow 0.5 mm die gap.

Many studies have examined factors that affect the fluidity of aluminum alloys, in-
cluding solidification mode [2–7], metal composition [8–18], the superheating of molten
metal [5,12–14,19–23], viscosity [3,24–26], surface tension [27–29], mold materials [30–32],
mold temperature [33–40], plunger speed [13,34–38,40,41], mold gap [13,40,41], and mold
vibration [42,43]. The fluidity of the aluminum alloy increases with die temperature, die
gap, and plunger speed. However, in these studies, the fluidity of aluminum alloys was not
investigated using a narrow die gap. It is therefore unclear whether similar results would
be obtained for a narrow gap when die casting pure aluminum. In die casting, the plunger
speed and die temperature are the typical casting conditions that influence the fluidity.
In the present study, the effects of these conditions on the flow length of pure aluminum
in a narrow gap were investigated. The flow length characteristics of pure aluminum
were compared to those of ADC12 to elucidate the fluidity properties of pure aluminum
in a narrow gap. It is unclear whether the reported relationship between the purity of
aluminum and the flow length [2–6] holds or not for a narrow die gap. In the present study,
the effects of Fe as an impurity on the flow length of pure aluminum in a narrow gap were
investigated. The results are discussed in terms of peeling of the solidified layer from the
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die surface. Three types of roll casters were used to investigate the peeling of the solidified
layer from the die.

2. Experimental Methods

A 500 kN cold chamber die casting machine (HC 50F, Hishinuma Machinery, Ranzan,
Japan) with an injection force of 100 kN and a sleeve diameter of 45 mm was used in this
study [44]. Various kinds of dies have been used for fluidity tests [13,14,22,42,45,46], with
the spiral die being most common among them. A spiral die was therefore used in the
present study to investigate the fluidity, as illustrated schematically in Figure 1. The width
of the die channel was 7 mm, and the channel gap was set to 0.5 or 1.0 mm. A crimp was
placed at the tip of the spiral test piece for the fluidity tests, and beyond this, the channel
gap was not filled by the molten metal. The crimp and unfilled area were not considered
part of the flow path [41]. Only portions of the path with a rectangular cross section were
measured to determine the flow path length. Plunger speeds of 0.2, 0.4, 0.6, and 0.8 m/s
and die temperatures of 30 and 150 ◦C were investigated to observe their effects on fluidity.
A die temperature controller (TT-288, Hishinuma Machinery, Ranzan, Japan) was used to
heat the spiral die [47]. The 99.7%Al, 99.9%Al, ADC12 and Al-X%Fe (X = 0.3, 0.5, 0.7, 0.9
and 1.1%) were used, and their chemical compositions are summarized in Table 1. Optical
emission spectroscopy (PDA-500, SIMADZU, Kyoto, Japan) was used to obtain chemical
compositions. The pouring temperature of the molten metal was 720 ◦C. The aluminum
alloys were melted in an oxidizing atmosphere using a gas furnace. Twelve test pieces were
cast for flow length measurements under each condition, and the average was used as the
final value. Optical microscopy (ECLIPSE LV150, Nikon, Tokyo, Japan) was used to take
photographs of the die and cast specimens.

Figure 1. Schematic illustration of spiral die. Units: mm. (a) Shape, (b) dimensions.

Table 1. Chemical compositions of pure aluminum, Al-Fe alloys, and ADC12 (mass%).

Aluminum Cu Si Mg Fe Zn Mn Ti Bal.

99.9%Al 0.00 0.01 0.00 0.00 0.02 0.00 0.00 Al

99.7%Al 0.00 0.04 0.00 0.10 0.03 0.00 0.00 Al

Al-0.3%Fe 0.00 0.04 0.00 0.28 0.04 0.00 0.00 Al

Al-0.5%Fe 0.00 0.04 0.00 0.47 0.04 0.00 0.00 Al

Al-0.7%Fe 0.00 0.04 0.00 0.71 0.03 0.00 0.00 Al

Al-0.9%Fe 0.00 0.03 0.00 0.93 0.04 0.00 0.00 Al

Al-1.1%Fe 0.00 0.03 0.00 1.05 0.03 0.00 0.00 Al

ADC12 1.92 10.31 0.28 0.79 0.81 0.31 0.04 Al
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Three types of roll casters, namely a melt-spinning caster [48], a melt-drag caster [49],
and a twin-roll caster [50], were used to estimate the influence of plunger speed and die
temperature on the peeling of the solidified layer from the die surface. These roll casters
are shown in Figure 2. The roll diameter and width were 300 mm and 100 mm, respectively.
In the melt-spinning caster shown in Figure 2a, a slit nozzle was used. The slit width
was 50 mm, and the slit gaps were 0.2, 0.5, or 0.7 mm. The roll temperature was room
temperature, 50, or 100 ◦C. In the melt-drag caster shown in Figure 2b, the nozzle width
was 70 mm and the nozzle position was 50 mm. The melt-head height was 50 mm, and
the roll temperature was room temperature. In the twin-roll caster shown in Figure 2c, the
solidification length was 100 mm, the roll load per unit width was 100 N/mm, the roll
temperature was room temperature, and the melt-head height was 100 mm.

Figure 2. Schematic diagrams of casters used in this study. (a) Melt spinning single roll caster, (b) melt
drag single roll caster, (c) vertical type high-speed twin roll caster.

3. Results
3.1. Effect of Plunger Speed and Die Temperature on Flow Length for Pure Aluminum with a
0.5 mm Die Gap

The effect of the plunger speed and die temperature on the flow length for a 0.5 mm
die gap is shown in Figure 3. When the plunger speed and die temperature were the same,
the flow length for 99.9%Al was longer than that for 99.7%Al. Thus, the fluidity increased
with increasing purity, as has been shown in many reports.

Figure 3. Effects of plunger speed and die temperature on flow length for 99.9%Al and 99.7%Al. Die
gap: 0.5 mm.

When the die temperature was 30 ◦C, the flow length decreased as the plunger speed
increased. The flow lengths for 99.9%Al and 99.7%Al decreased remarkably when the
plunger speeds were higher than 0.4 m/s and 0.2 m/s, respectively. At a die temperature
of 150 ◦C, the flow lengths for 99.7%Al and 99.9%Al increased with increasing plunger
speed. In general, the flow length is expected to increase with increasing die temperature
and plunger speed. However, this trend reversed for a die temperature of 30 ◦C. When
the die temperature was 30 ◦C and the plunger speed was 0.2 m/s, the flow lengths for
99.7%Al and 99.9%Al were longer than those for other casting conditions. In other words,
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the flow length was longest under conditions that were expected to produce the shortest
flow length. It is not clear whether this result was specific to pure aluminum, a 30 ◦C die
temperature, or a 0.5 mm die gap, or a combination of these conditions.

3.2. Effect of Plunger Speed and Die Temperature on Flow Length for Pure Aluminum with a 1 mm
Die Gap

For comparison, fluidity tests were conducted using a 1 mm gap spiral die to investi-
gate the influence of the die gap on the fluidity of pure aluminum. As seen in Figure 4, the
flow length increased with increasing plunger speed. When the die temperature was 30 ◦C,
the flow length for 99.7%Al was shorter than that for 99.9%Al. These results are consistent
with conventional understanding. The flow length for 99.9%Al was not influenced by the
die temperature, but the flow length for 99.7%Al was longer for a die temperature of 150 ◦C
than for 30 ◦C. When the die temperature was 150 ◦C, the flow lengths for 99.7%Al and
99.9%Al were almost the same. These results contradict conventional expectations. The
tendency for the flow length to decrease with increasing plunger speed at a die temperature
of 30 ◦C suggests that the 0.5 mm die gap may be the reason for the reduced flow length at
low die temperature.

Figure 4. Effects of plunger speed and die temperature on flow length for 99.7%Al and 99.9%Al. Die
gap: 1 mm.

3.3. Effect of Plunger Speed and Die Temperature on Flow Length for ADC12 with a 0.5 mm
Die Gap

To compare the flow properties of pure aluminum for a 0.5 mm die gap, the flow
length for ADC12 was also investigated using the 0.5 and 1 mm gap spiral dies. As seen
in Figure 5, when the die gap was 0.5 mm and the plunger speed was 0.2 or 0.4 m/s, the
flow length at a die temperature of 30 ◦C was longer than that at 150 ◦C. At higher plunger
speeds of 0.6 and 0.8 m/s, the flow lengths at die temperatures of 30 and 150 ◦C were
almost the same. The flow length did not increase with increasing plunger speed at a die
temperature of 30 ◦C. Overall, the flow length at a higher die temperature was not longer
than that at a lower die temperature. When the die gap was 1 mm, the die temperature
did not influence the flow length, and the flow length only increased as the plunger speed
increased. The results for the 0.5 mm die gap and a plunger speed of 0.2 or 0.4 m/s were
different to what is expected in conventional die casting. Both pure aluminum and ADC12
exhibited superior fluidity at the lower die temperature of 30 ◦C, especially at a lower
plunger speed of 0.2 m/s. It is thought that this is due to the narrow die gap of 0.5 mm.
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Figure 5. Effects of plunger speed, die temperature, and die gap on flow length for JIS ADC12. (a) Die
gap: 0.5 mm; die temperature: 30 and 150 ◦C. (b) Die gap: 1 mm; die temperature: 30 and 150 ◦C.

The effects of die temperature and plunger speed on the flow length were consistent
between 99.7%Al and 99.9%Al, as shown in Figure 3. To investigate the effect of the
impurity content on fluidity, Fe was added to pure aluminum, as summarized in Table 1.
The effects of the Fe content, die temperature, and plunger speed on the flow length are
shown in Figure 6.

Figure 6. Effects of Fe content, plunger speed, and die temperature on flow length for pure aluminum
and Al-Fe alloys listed in Table 1. Die gap is 0.5 mm.

The flow length at a die temperature of 30 ◦C and a plunger speed of 0.2 m/s was
longer than that at other die temperatures and plunger speeds. This result is different from
what is expected in conventional die casting. The flow length for a die temperature of
30 ◦C and a plunger speed of 0.8 m/s was shorter than that for other die temperatures
and plunger speeds. When the die temperature was 30 ◦C and the plunger speed was
0.2 m/s, the flow lengths for Al-0.5%Fe and Al-0.7%Fe were longer than those for 99.9%Al
and 99.7%Al. However, the flow lengths for 99.9%Al and 99.7%Al were longer than that
for Al-X%Fe at other die temperatures and plunger speeds, and there was a tendency for
the flow length for Al-X%Fe to decrease as the Fe content increased. This result matches
what is expected in conventional die casting.

The effect of die temperature and plunger speed on the surfaces of die-cast spiral
specimens of 99.7%Al was investigated. The die surface and specimen surfaces are shown
in Figure 7. Machining marks are present on the die surface. When the plunger speed was
0.2 m/s and the die temperature was 30 ◦C, the presence of machining marks could not be
confirmed, although such marks were observed under other conditions. When the plunger
speed was 0.2 m/s and the die temperature was 30 ◦C, the molten metal may have solidified
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before fully coming into contact with the die surface. The contact between the solidified
layer and the die surface was therefore poorer than for other conditions, and adhesion
between the solidified layer and the die surface may have been weak. Alternatively, the
solidified layer may have been heated to a semisolid condition by the molten metal, causing
the machining marks to be erased. This may occur if the solidified layer peels from the die
surface before the molten metal inside solidifies. These results suggest that there was poor
contact between the molten metal and the die surface, and that peeling of the solidified
layer may have occurred before the molten metal solidified when the plunger speed was
0.2 m/s and the die temperature was 30 ◦C.

Figure 7. Effect of die temperature and plunger speed on surface conditions of spiral die-cast
specimens of 99.7%Al. (a) Surface of spiral die, (b) surfaces of spiral die-cast specimens.

4. Discussion

Here, we discuss the effect of adhesion and the peeling of the solidified layer on the
flow length during die casting based on the foil- or strip-to-roll adhesion conditions in
roll casters. The influence of the roll temperature on the adhesion length for the 99.7%Al
foil to the roll is shown in Figure 8. The adhesion length increased as the roll temperature
increased. When the roll temperature was 150 ◦C, the foil adhered to the roll for more than
one rotation. This indicates that there is a relationship between the thermal shrinkage of
the foil and peeling. The contact conditions between the molten metal and the roll may be
influenced by the roll temperature, and may improve as the roll temperature increases.

Slits with gaps of 0.2 and 0.7 mm were used to cast 99.7%Al foil of the same thickness
of 32 µm at a roll speed of 55 m/s, and the adhesion length was measured. For the same
foil thickness, the speed of the ejected molten metal was higher with a narrow gap than
that with a wide gap. The results are shown in Figure 9. The adhesion length for the foil
cast with a 0.2 mm gap was longer than that with a 0.7 mm gap. This shows that the contact
between the molten metal and the roll improves as the speed at which molten metal is
ejected from the slit increases.
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Figure 8. Effect of roll temperature on adhesion length for 99.9%Al to roll. Roll speed: 24 m/s.

Figure 9. Effect of slit gap on adhesion length for 99.7%Al foil to roll for same foil thickness in
melt-spinning single-roll caster. Roll speed: 55 m/s, foil thickness: 32 µm.

The influence of the roll temperature and the molten metal speed on the adhesion
length is shown schematically in Figure 10. The adhesion length increased with increasing
roll temperature and ejected molten metal speed, suggesting an effect on the adhesion
condition. Peeling is thought to occur due to thermal contraction. When the adhesion force
between the foil and the roll becomes weaker than the force due to thermal contraction, the
foil peels from the roll. The adhesion force increases with increasing roll temperature and
molten metal speed, resulting in a longer time for adhesion to occur.

 

Figure 10. Effects of roll temperature and molten metal speed on adhesion length to roll during melt
spinning.

Based on the finding that the adhesion length decreases with decreasing roll tempera-
ture and melt ejection speed, we will now discuss the flow length during die casting. As
seen in Figure 3, when the die temperature was 30 ◦C and the plunger speed was 0.2 m/s,
the flow length was longer than that under other casting conditions. The effects of the die
temperature and plunger speed on the flow length are shown schematically in Figure 11.
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Figure 11. Schematic diagram showing the effects of die temperature and plunger speed on solidifica-
tion and flow length for molten metal. (a) Die temperature: 30 ◦C, plunger speed: 0.2 m/s. (b) Die
temperature: 150 ◦C; plunger speed: 0.8 m/s.

When the solidified layer peels from the die, heat transfer between the solidified layer
and the die becomes smaller. When this occurs, the solidification rate decreases, resulting
in a longer time until solidification is complete and an increased flow length. Under these
conditions, the adhesion force becomes weaker and the adhesion time becomes shorter.
Consequently, the flow length was longest for a die temperature of 30 ◦C and a plunger
speed of 0.2 m/s. The influence of the die temperature on molten metal solidification
inside the solidified layer may be smaller when the solidified layer peels from the die,
as heat transfer between the solidified layer and the die decreases. As seen in Figure 3,
when the die temperature was 30 ◦C, the flow length generally decreased with increasing
plunger speed. The adhesion time for the solidified layer increased with increasing plunger
speed, maintaining better heat transfer than when peeling occurred. The rate of increase
of the solidified layer thickness was higher during this adhesion period, shortening the
time until flow stopped. This is one cause for the decreased flow length with increasing
plunger speed.

When the die gap was 1 mm, the flow length increased as the plunger speed increased,
as shown in Figure 5. When the die gap was 1 mm, differences in the peeled solidified
layer thickness for die temperatures of 30 and 150 ◦C were small compared to differences
observed when varying the die gap, as shown schematically in Figure 12. Therefore, the
flow length increased as the plunger speed increased.

As seen in Figures 3 and 4, at a die temperature of 150 ◦C, the flow length for 99.9%Al
and 99.7%Al is seen to increase with increasing plunger speed. This is thought to be
due to saturation of the solidified layer thickness increase rate as heat transfer between
the solidified layer and the die became almost constant. Consequently, the flow length
increased with increasing plunger speed.
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Figure 12. Schematic diagram showing effects of die temperature and plunger speed on solidified
layer thickness with 1 mm die gap. (a) Die temperature: 30 ◦C, plunger speed: 0.2 m/s. (b) Die
temperature: 150 ◦C, plunger speed: 0.8 m/s.

As seen in Figure 5, the flow length for ADC12 at a die temperature of 30 ◦C was not
influenced by the plunger speed, remaining almost constant. The influences of the rate
of solidified layer thickness increase and the molten metal velocities on the flow length
may offset one another. This is thought to result from increased heat transfer between
the solidified layer and the die, and the increase in the solidified layer thickness rate with
increasing plunger speed. In other words, the flow length increase rate decreased due to
the offset of the solidified layer thickness increase rate and plunger speed increase.

The roll speed was 5 m/min. Strips of 99.9%Al and 99.7%Al could not be dragged from
the tundish because they peeled from the roll. Al-0.3%Fe and ADC12 could be dragged
from the tundish. This shows that the time during which adhesion occurred between the
roll and 99.9%Al and 99.7%Al was shorter than that for Al-0.3%Fe and ADC12. In Figure 6,
the flow length decreases as the Fe content increased. The adhesion time for the solidified
layer increases with increasing Fe content, which may have caused the flow length to
decrease. In Figure 6, the flow length for Al-0.5%Fe and Al-0.7%Fe is longer than that for
99.9%Al and 99.7%Al, but the cause of this is not clear.

The 99.9%Al molten metal did not solidify into a strip, and semisolid metal was ejected
from the roll gap. It was thought that the semisolid layer with a low solid fraction peeled
from the roll, or that the solid layer peeled and was heated into a semisolid condition,
either of which resulted in the molten 99.9%Al failing to solidify. This may have occurred
before the roll bite, since the 99.9%Al did not solidify. In contrast, the 99.7%Al strip could
be cast successfully. Although the solid layer may have peeled from the roll, the molten
metal solidified before the roll bite, allowing a strip to be cast. The contact time between
the solid layer of 99.7%Al and the roll surface may be longer than that for 99.9%Al. These
results clarify the mechanism responsible for the flow length for 99.9%Al being longer than
that for 99.7%Al in Figures 3 and 6.

5. Conclusions

The effects of die temperature and plunger speed on the flow length for 99.9%Al and
99.7%Al were investigated using a spiral die with a 0.5 mm gap.

(1) Conventionally, the flow length is expected to increase with increasing die temper-
ature, plunger speed, and aluminum purity. However, in the present study, it was
found that when the plunger speed was 0.2 m/s, the flow length at a die temperature
of 30 ◦C was longer than that at 150 ◦C. The results for the die temperature of 30 ◦C
the plunger speed of 0.2 m/s are unique to the present study and are different from
those conventionally expected for die casting. The narrow gap of 0.5 mm, low die
temperature of 30 ◦C, and low plunger speed of 0.2 m/s are considered to be the
reasons for this discrepancy.

(2) At a die temperature of 30 ◦C, the flow length decreased with increasing plunger
speed, while at a die temperature of 150 ◦C, it increased with increasing plunger speed.

(3) The mechanism responsible for the results at a die temperature of 30 ◦C and a plunger
speed of 0.2 m/s was discussed in terms of the peeling of the solidified layer from
the die surface, and the unique results obtained in this study could be explained by a
model that takes into account this peeling.
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(4) At a die temperature of 30 ◦C and a plunger speed at 0.2 m/s, the flow length for
Al-0.5%Fe and Al-0.7%Fe was longer than that for 99.9%Al and 99.7%Al, while at a
die temperature of 150 ◦C, the flow length decreased with increasing Fe content.

When the die temperature is 30 ◦C and the plunger speed is 0.2 m/s, the adhesion
force between the solidified layer and the die is weaker than at a higher die temperature
and higher plunger speed, and the solidified layer peels easily from the die. As a result, the
adhesion time becomes shorter.

Furthermore, when the solidified layer peels from the die, heat transfer between the
solidified layer and the die becomes smaller. When this occurs, the solidification rate
decreases, meaning there is a longer time until solidification is complete and an increased
flow length. It is considered that for this reason, the flow length became longer at a die
temperature of 30 ◦C and a plunger speed of 0.2 m/s.

The influence of the die temperature on molten metal solidification inside the solidified
layer may be smaller when the solidified layer peels from the die, as heat transfer between
the solidified layer and the die decreases. The adhesion time for the solidified layer
increased with increasing plunger speed, maintaining better heat transfer than when
peeling occurs The rate of increase in the solidified layer thickness is higher during this
adhesion period, shortening the time until flow stops. This is considered to be the cause of
the decrease in flow length with increasing plunger speed.
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23. Köse, S.; Süküroğlu, E.S. Investigation of the effects of filling speed, casting temperature and metallurgical quality on fluidity of
lamellars graphite cast iron at different section thickness. Int. J. Metalcast. 2024. [CrossRef]

24. Kayama, N. Viscosity and Fluidity in the Early Stages of Solidification of Metals, Quality Control of Engineering Alloys and the Role of
metals Science; Delft University of Technology: Delft, The Netherlands, 1978; pp. 103–119.

25. Niu, G.; Mao, J.; Wang, J. Effect of Ce addition on fluidity of casting aluminum alloy A356. Metall. Mater. Trans. A 2019, 50,
5935–5944. [CrossRef]

26. Heidazadeh, A.; Emamy, M.; Rhimzadeh, A.; Soufi, R.; Sohrabi Baba Heidary, D.; Nasibi, S. The effect of copper addition on the
fluidity and viscosity of an Al-Mg-Si alloy. J. Mater. Eng. Perform. 2014, 23, 469–476. [CrossRef]

27. Campbell, J. Thin wall castings. Mater. Sci. Technol. 1988, 4, 194–204. [CrossRef]
28. Emamy, M.; Abbasi, S.; Kaboli, S.; Vampbell, J. Fluidity of Al based metal matrix composites containing Al2O3 and SiC par-ticles.

Int. J. Cast Met. Res. 2009, 22, 430–437. [CrossRef]
29. Rosandi, R.; Masnur, D. Influence of pouring temperatures to fluidity of aluminum scrap cans with investment casting using

natural clays as mold materials. JOM FTEKNIK 2016, 3, 1–3.
30. Niyama, E.; Anzai, K.; Funakubo, T.; Hiratsuka, S. Some basic research for thin wall casting technology. J. Mater. Process. Technol.

1997, 63, 779–783.
31. Tiryakioglu, M.; Askeland, D.R.; Ramsay, C.W. The fluidity of 319 and A356: An experimental design approach. AFS Trans. 1994,

102, 17–25.
32. Borouni, M.; Niroumand, N.; Fathi, M.H. Effect of a nano-ceramic mold coating on the fluidity length of thin wall castings in

Al4-1 alloy gravity sand casting. Mater. Technol. 2014, 4, 473–477.
33. Nishi, N. Characteristics of Fluid Flow for Thin Wall Aluminum Alloy Die Castings. Imono 1995, 67, 918–923.
34. Komazaki, T.; Asada, J.; Watanabe, K.; Sasaki, H.; Nishi, N. Effects of Casting Conditions on Flow Length of Thin-Walled

Diecasting for ADC 10 Alloy. Imono 1995, 67, 689–695.
35. Brenji, R.V. Effectof reinforcement amount, mold temperature, superheat, and mold thickness on fluidity of in-situ Al-Mg2Si

compisites. China Foundry 2018, 15, 66–74. [CrossRef]
36. Kim, M.-G.; Sung, S.-Y.; Kim, Y.-J. Microstructure, metal mold reaction and fluidity of investment Cast-TiAl alloys. Mater. Trans.

2004, 45, 536–541. [CrossRef]
37. Haga, T.; Fuse, H. Semisolid casting of product with thin fins by using Al-25%Si. Key Eng. Mater. 2015, 651–653, 1551–1556.

[CrossRef]
38. Haga, T.; Fuse, H.; Terao, M. Fabrication thin heat sink by the die casting of semisolid Al-25%Si. Solid State Phenom. 2018, 285,

423–428. [CrossRef]
39. Masnur, D.; Rosandi, R.; Nawangsari, P. Effect of mold temperature and cavity thickness on the fluidity of the liquid aluminum

beverage cans in the clay mold. AIP Conf. Proc. 2024, 3053, 020017. [CrossRef]
40. Asan, Y.E.; Çolak, M. Modeling the effect of pour height, casting and mold heating conditions for the analysis of fluidity of

different section thickness in die mold casting of Al12Si alloy. J. Sci. Technol. 2022, 15, 14–27. [CrossRef]
41. Fuse, H.; Imamura, S.; Terao, M.; Haga, T. Semisolid die casting of hypereutectic Al-25%Si alloy. Mater. Trans. 2020, 61, 993–999.

[CrossRef]
42. Han, Z.; Wang, Z.; Sun, Z.; Zhang, B.; Rao, W. Influence of non-uniform ultrasonic vibration on casting fluidity of liquid aluminum

alloy. Res. Dev. 2022, 19, 380–386. [CrossRef]

https://doi.org/10.2339/politeknik.746862
https://doi.org/10.1016/j.jmatprotec.2023.118241
https://doi.org/10.1007/s11661-020-06052-0
https://doi.org/10.1016/j.jmrt.2020.09.111
https://doi.org/10.1007/s40962-024-01396-4
https://doi.org/10.3390/ma12101688
https://doi.org/10.1016/S0924-0136(02)00905-6
https://doi.org/10.3390/met12111986
https://doi.org/10.3390/met14040456
https://doi.org/10.1007/s40962-024-01301-z
https://doi.org/10.1007/s11661-019-05458-9
https://doi.org/10.1007/s11665-013-0794-6
https://doi.org/10.1179/mst.1988.4.3.194
https://doi.org/10.1179/174313309X449264
https://doi.org/10.1007/s41230-018-7095-5
https://doi.org/10.2320/matertrans.45.536
https://doi.org/10.4028/www.scientific.net/KEM.651-653.1551
https://doi.org/10.4028/www.scientific.net/SSP.285.423
https://doi.org/10.1063/5.0199767
https://doi.org/10.18185/erzifbed.1199648
https://doi.org/10.2320/matertrans.P-M2020805
https://doi.org/10.1007/s41230-022-2039-5


Metals 2024, 14, 1133 12 of 12

43. Al-Mallak, A.A.; Doos, Q.M. Fluidity of Al-Si alloy in metal mold casting under vibration. IOP Conf. Ser. Mater. Sci. Eng. 2021,
1090, 012081. [CrossRef]

44. Available online: https://hishinuma.jp/menu/2013/09/hc50f.html (accessed on 29 May 2024).
45. Zhang, G.; Wang, Z.; Niu, J.; Xu, H.; Ren, X. Enhanced Fluidity of ZL205A Alloy with the Combined Addition of Al-Ti-C and La.

Materials 2021, 14, 6169. [CrossRef] [PubMed]
46. Zou, G.; Chai, Y.; Shen, Q.; Cheng, T.; Zhang, H. Analysis of the Fluidity and Hot Tearing Susceptibility of AlSi3.5Mg0.5Cu0.4 and

A356 aluminum alloys. Int. J. Metalcast. 2022, 16, 909–923. [CrossRef]
47. Available online: https://hishinuma.jp/menu/cat/cat132/cat1/ (accessed on 29 May 2024).
48. Motomura, M.; Haga, T.; Sakurai, Y. Design and assembling of single roll apparatus for rapid solidification and characteristics of

wide Al-Si eutectic alloy foils solidified. J. Jpn. Inst. Light Met. 1988, 38, 528–533. [CrossRef]
49. Haga, T.; Ishihara, K.; Katayama, T.; Nishiyama, T. Effect of contacting condition between molten metal and roll on Al-12%Si

alloy strip cast by melt drag method. Keikinzoku 1998, 48, 613–617.
50. Haga, T. Development of a twin roll caster for light metals. J. Achiev. Mater. Manuf. Eng. 2010, 43, 393–402.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1088/1757-899X/1090/1/012081
https://hishinuma.jp/menu/2013/09/hc50f.html
https://doi.org/10.3390/ma14206169
https://www.ncbi.nlm.nih.gov/pubmed/34683760
https://doi.org/10.1007/s40962-021-00649-w
https://hishinuma.jp/menu/cat/cat132/cat1/
https://doi.org/10.2464/jilm.38.528

	Introduction 
	Experimental Methods 
	Results 
	Effect of Plunger Speed and Die Temperature on Flow Length for Pure Aluminum with a 0.5 mm Die Gap 
	Effect of Plunger Speed and Die Temperature on Flow Length for Pure Aluminum with a 1 mm Die Gap 
	Effect of Plunger Speed and Die Temperature on Flow Length for ADC12 with a 0.5 mm Die Gap 

	Discussion 
	Conclusions 
	References

