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Abstract

In this article, the effect of adding different amounts of aluminum to a low-carbon
651 steel alloy on its fluidity was investigated. The research was carried out using
the induction melting method. During the experiments, aluminum was added to
the molten metal in amounts of 0.2%, 0.4%, 0.6%, and 0.8%. Based on U-shaped
sand-clay mold samples, the degree of fluidity was determined by measuring the
casting length obtained for each aluminum content. The results showed that the
addition of aluminum increases the metal’s fluidity; however, adding more than a
certain amount leads to a decrease in fluidity. The best result was observed when
0.6% aluminum was added. At this concentration, the surface tension of the metal
decreased, the fluidity improved, and the complex-shaped parts of the mold were
completely filled.

Keywords: 651 steel, fluidity, aluminum, induction furnace, foundry, alloy, sand-
clay mold, melting, metal composition, resource efficiency.

INTRODUCTION

Nowadays, if even one foundry property of metals and alloys deteriorates, the
resulting cast products are considered defective and are not approved for
production use. As an example, let us analyze one of the key foundry properties
— the fluidity of metals and alloys. If the fluidity of a metal or alloy does not meet
the required standard, the molten metal cannot properly fill the mold cavity. As a
result, the casting will have dimensional defects and must be remelted. Therefore,

l|Page



Modern American Journal of Engineering,

Technology, and Innovation
ISSN(E): 3067-7939
Volume 01, Issue 08, November, 2025

Website: usajournals.org
This work is Licensed under CC BY 4.0 a Creative Commons Attribution
4.0 International License.

* k kK Kk

AMERICAN JOURNALS

UsA

to improve the fluidity of metals and alloys [1, 2], depending on the shape, size,
and complexity of the casting, additional alloying elements may be introduced, or
the temperature of the molten metal may be increased to a specific level.

MATERIAL AND METHODS

Raising the temperature of the molten metal above the specified level increases
its fluidity due to the reduction of surface tension in the metal or alloy. However,
excessive overheating causes the alloying elements in the metal to burn off, which
leads to a deterioration in the quality of the cast product. On the other hand, when
the temperature of metals and alloys rises too high, the sand in sand-clay molds
can burn and adhere to the casting surface. Such castings cause excessive wear of
cutting tools during machining and generate dust [3, 4], which can be harmful to
workers.

During the melting process of cast products, the brand, chemical composition,

shape, and complexity of the casting are taken into account to enhance fluidity
and thereby achieve high-quality cast products. In the experiment, low-carbon
651" grade steel alloy was used, and various amounts of aluminum and chromium
were added to its composition [5]. Samples were cast in U-shaped sand-clay
molds, and the fluidity of the steel alloy was tested accordingly.

The U-shaped sample was designed using the “Compass—3D” software and
manufactured on a “CNC ROUTER 2130” machine. The primary goal of
producing the sample on the “CNC ROUTER 2130 is to ensure that the physical
model precisely matches the designed dimensions. This is crucial because any
deviation between the drawing dimensions and the actual sample can lead to
errors when determining the alloy’s fluidity [6, 7]. The manufacturing process of
the U-shaped sample on the “CNC ROUTER 2130” machine is shown in Figure
1.
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igure 1. Machining process of the U-shaped sample on the “CNC
ROUTER 2130” machine

The main purpose of preparing the U-shaped sample using the “CNC ROUTER

2130 machine was that the sample, made of polypropylene material, has a simple

shape but small dimensions; therefore [8], it was manufactured using the “CNC

ROUTER 2130” equipment. The prepared U-shaped samples are shown in Figure

2.

Figure 2. Appearance of the U—shaed samples
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RESULTS

After placing the polypropylene samples into the sand-clay molds, the chemical
composition of the 65I" grade low-carbon steel alloy was checked according to
I'OCT standards in a 20 kg induction furnace, and slag was removed from the
molten metal. It is essential to thoroughly remove slag from the molten metal.
Even a small amount of slag mixed with the molten metal can enter the mold
cavity of the U-shaped sample, block the channels designed for flowability
testing, and require the experiment to be repeated [9 ,10]. Therefore, slag was first
removed in the furnace, and the remaining fine residues were eliminated in the
ladle. The process of melting the steel alloy and removing slag from the molten
metal is shown in Figure 3.

Figure 3. a) Melting process of the steel alloy in the induction furnace; b)
Slag removal process from the molten metal

The main purpose of selecting the induction furnace for determining the fluidity
of steel alloys is that, during the melting process, the molten metal is set into
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motion by the electromagnetic field, which prevents the formation and
accumulation of sediment at the bottom of the furnace. In addition, the burn-off
of alloying elements in the steel is significantly lower compared to that in an
electric arc furnace, which ensures resource efficiency [11]. However, the
disadvantage of the induction furnace is that its lining is acidic, which limits the
use of calcium carbonate as a fluxing agent. Therefore, mainly SiO, and glass
fragments were used as flux materials. The charging sequence in the furnace
began with large charge materials and FeCr100, followed by smaller charge
components such as ferroalloys (foundry coke, FeSi45, FeMn90). Due to the
effective mixing of molten metal in the induction furnace, iron oxide and oxygen
from the charge materials entered the melt; part of it dissolved into the metal,
while the rest oxidized other elements, forming slag. The remaining oxygen in the
molten metal caused intensive stirring and further oxidation reactions within the
melt [12, 13].

To accelerate the reaction process, a certain amount of flux was added to the
induction furnace. The temperature of the molten metal in the furnace was raised
to 1580-1590 °C, which facilitated the rapid oxidation of carbon and the
reduction of iron, according to the following reaction:

[FeO] + [C] — CO + [Fe] - Q (1)

The carbon monoxide gas (CO) released in the form of bubbles stirred the molten
bath, ensuring uniform composition and temperature, while simultaneously
purifying it from harmful gases (Hz, N2, Oz) and non-metallic inclusions. It is
important to note that two immiscible liquid phases — the metal and the slag —
come into contact with each other. Compounds dissolved in both phases,
particularly FeO, are distributed between them in a certain ratio under the given
temperature conditions [14]. This distribution remains constant at a specific
temperature, expressed by the following relationship:

FeO in the slag
Lpeo = ——— = = const. 2
FeO FeO in the iron cons ( )
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During the process, the FeO content in the slag changed, which consequently
altered its amount in the metal bath as well. The reactions of FeO with Si, Mn,
and P in the metal were discussed earlier. Phosphorus anhydride (P20Os), like FeO,
also dissolved and distributed between the slag and the metal:

P305in the slag
L = = cosnt.
P205 P,05 in the iron (3)

At high temperatures, phosphorus anhydride (P20s) in the slag can be reduced by
carbon and transferred into the metal. Therefore, to retain this harmful element in
the slag, a certain amount of limestone and quartz sand was added to the bath. In
this case, P.Os reacted with lime to form a compound that is insoluble in metal
and transferred into the slag:

(FeO); - P,Os +4Ca0 = (Ca0)4 - P,Os+ 3FeO +Q 4)

Most of the [FeS] dissolved in the metal reacted with (CaO) in the slag and
transferred into the slag in the form of (CaS):

[FeS] + (Ca0) = (CaS) + [FeO] + Q (5)

Thus, the higher the CaO content and the lower the FeO content in the slag, the
more effectively the steel alloys are purified from harmful phosphorus (P) and
sulfur (S) elements.

After that, the molten metal was cleaned from slag and poured into a preheated
ladle. During the pouring process, when approximately 20% of the molten metal
had been transferred, 0.2% aluminum (calculated based on the weight of the
molten metal) was added to the ladle. The remaining 80% of aluminum was then
added to the molten metal in the ladle. Aluminum was introduced in this sequence
at concentrations of 0.2%, 0.4%, 0.6%, and 0.8% relative to the weight of the
molten metal [15]. The main purpose of first pouring 20% of the molten metal
into the preheated ladle before adding a portion of aluminum was to prevent the
aluminum from burning and sticking to the bottom of the ladle. Dividing the
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aluminum addition into two stages ensured that the first portion reacted with
oxygen (O2) in the molten metal, forming Al.Os and transferring into the slag. The
second portion of aluminum improved the fluidity of the steel alloy. After
treatment with aluminum in the ladle, the molten metal was poured into pre-
prepared sand-clay molds.

After casting the samples into the sand-clay molds, they were allowed to cool in
the molds for one hour. Then, the castings were removed from the molds, and the
sand adhering to their surfaces was cleaned off. After surface cleaning, the
castings of 65I" steel were analyzed to evaluate how the addition of different
percentages of aluminum affected the fluidity of the molten metal, using the U-
shaped samples.

When 0.2% aluminum (by weight of the molten metal) was added to the low-
carbon 651" steel alloy, the length of the U-shaped cast sample was measured to
be 270 mm (Figure 4a). When 0.4% aluminum was added, the sample length
increased to 330 mm (Figure 4b). With 0.6% aluminum addition, the sample
length reached 460 mm (Figure 4c). However, when 0.8% aluminum was added,
the sample length decreased to 410 mm (Figure 4d).

b)
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Figure 4. Results obtained from U-shaped samples of low-carbon 651" steel
after adding four different amounts of aluminum.

CONCLUSION

According to the research results, the fluidity of low-carbon 651 steel alloy is
directly dependent on the amount of aluminum added. The optimal fluidity was
observed when 0.6% aluminum was introduced into the molten metal. Adding
aluminum beyond 0.6% intensified oxidation on the metal surface, leading to a
decrease in fluidity. Therefore, for 651" steel alloys, an aluminum content of 0.6%
is recommended as the most technologically and economically optimal. These
findings are of significant scientific and practical importance for ensuring
resource efficiency and improving the quality of castings during metal casting
processes.
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