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Abstract

Casting, as an ancient method, has been used by humans to control and shape metals since ancient times. The
application of this art-industry has been carried out according to the needs of each civilization in creating various
works, so that this method is among the most important inventions of mankind. The use of casting in the art of
metalworking is carried out in various ways, among which casting using ceramic shell molds is the most common
type among contemporary artists in the world, while the use of this method in Iran is often reserved for industrial
applications because limitations in art education centers, such as inadequate facilities and incomplete technical
knowledge, have caused artists and metalworking art enthusiasts to pay less attention to it. This research, in response
to the question of what capabilities ceramic shell molds have in creating artistic volumes with the metal casting
technique, seeks to understand more precisely the characteristics of this type of mold, especially in terms of
dimensional accuracy, surface quality, and the ability to create works with complex details in metal art pieces. The
purpose of this research is to investigate and evaluate ceramic shell molds using a practical model in the construction
of artistic volumes. In the results of this research, it can be said that the use of these molds, in addition to providing
greater accuracy and detail, is also effective in improving the mechanical properties and efficiency of the metal
volume. This method has increased the speed of production of complex and delicate parts and has minimized the
need for post-processing operations. This research is applied in terms of its purpose, descriptive-analytical in terms
of its nature and method, and quantitative-qualitative in terms of data analysis. The data collection method was of
a library and field type, involving the recording of the observations and experiences of the authors. In this research,

the authors made a mold and cast it to obtain more objective and accurate results.
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Introduction

The art of metalworking has undergone many changes and developments throughout history, as craftsmen
in this field have used various techniques such as hammering, bending, and casting to create artistic and
practical works. Among these historical methods, casting is one of the oldest advanced metalworking
techniques, with a history dating back thousands of years. The first casting works belong to ancient
civilizations such as Egypt, Mesopotamia, India, and Iran, where humans used this method to make
tools, ornaments, weapons, and practical objects. This art gradually evolved over time, and with the
advancement of human knowledge, it became one of the main pillars of metal industries. This method
developed significantly during the Industrial Revolution, and in the last century, with the use of new
technologies and advanced materials, it became one of the most basic production processes in various
industries. Studying the history of casting shows the deep connection of this art with human needs and
industrial developments throughout history.

The casting process includes making a preliminary model, molding it and making a mold, melting the
metal, and pouring it into the mold in order to shape it after solidification, which is possible in various
forms such as sand casting, pressure casting, and lost wax. These techniques are used in various industrial
and artistic fields. Casting using ceramic shell molds is one of the lost wax methods, the use of which has
been populat in various fields of art and industry in recent years. This method is important not only in the
variety and accuracy of products, but also in the ability to mass-produce and the cost-effectiveness of the
production process. These molds are known as one of the efficient methods for producing high-quality
metal parts due to their unique features, such as high heat resistance, dimensional accuracy, and the ability
to produce complex details. However, this method has not received much attention from artists in Iran
because the lack of written technical resources and limited facilities has caused artists to use other casting
methods to create their works. Therefore, addressing this area is essential to creating new perspectives in
the creation of works of art. The present study aims to investigate and evaluate ceramic shell molds in
metal casting and secks to answer the question of what capabilities ceramic shell molds have in creating
artistic volumes with the metal casting technique. First, it studies lost wax casting methods and the raw
materials used in this method, as well as provides a practical explanation of the casting process with

ceramic shell molds.

Materials and Methods

This research is of an applied type based on its purpose and descriptive-analytical research based on
its nature and method. The method of data analysis in this research is quantitative-qualitative, and the
data collection method is of a library and field type, which was carried out by recording the authors’
observations and experiences regarding the process of model making, ceramic shell molding, and brass

alloy casting step by step.

Results

Ceramic shell molds have certain advantages and disadvantages compared to plaster molds, which affect
the choice between these two types of molds, depending on the type of application and production
needs. One of the most important advantages of ceramic shell molds is their high accuracy in producing
parts. These molds are able to create more precise and complex details than plaster molds. This feature
is especially useful for producing parts with complex shapes or requiring high accuracy in dimensions
and sizes. Also, ceramic molds have the ability to withstand very high temperatures. This feature makes
them suitable for use in casting metals with high melting points, such as steel, titanium, and other high-
temperature alloys, while plaster molds can only withstand lower temperatures. The mechanical strength
of ceramic molds is also higher than that of plaster molds. These molds are more resistant to the stresses

and strains of the casting process, which makes them more efficient in more complex processes and on
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larger scales. In addition, ceramic molds have better corrosion resistance, which gives them a significant
advantage in harsh industrial conditions. As a result, these molds are a good choice for producing parts
that are exposed to corrosive materials or high temperatures. However, ceramic shell molds also have
disadvantages. One of these disadvantages is the higher cost of these molds compared to plaster molds.
The production of ceramic molds requires special materials and more complex processes, which increases
the cost of production. In addition, the manufacturing time of ceramic molds is usually longer than that

of plaster molds. This factor can become a limitation in cases where parts need to be produced quickly.

Discussion

Ceramic molds require more specialized and sophisticated equipment, while gypsum molds can be
made with simpler equipment and are therefore less expensive to manufacture. Ultimately, the choice
between ceramic and gypsum shell molds will depend on the type of manufacturing requirement and
environmental conditions. Ceramic molds are a good choice when precision, high-temperature resistance,
and mechanical strength are important, while gypsum molds may be a better choice for applications

where cost and manufacturing time are more important.

Conclusion

The use of metal casting methods in the production of works of art has a rich historical background
in Iran. This is evident from studying the history of metalworking art, as most of the masterpieces of
metalworking art were made using this method by historical craftsmen. With the advancement of industry
and new technologies, casting methods have been developed in recent centuries, and the use of new
methods such as ceramic shell molds has replaced traditional methods. Casting metal works with ceramic
shell molds is one of the lost wax casting methods, in which, after modeling and initial molding, a wax
model is made by combining three parts of refractory materials, modifiers, and adhesives and molded in
layers in several stages. After undergoing the process of dewaxing and evaporation in a furnace, the metal
materials are melted and cast into these molds. In this study, based on practical experiences, it can be said
that ceramic shell molds are known as one of the important methods for producing metal parts with high
precision and desirable surface quality. These molds have very high heat resistance, which, in addition
to speeding up the molding and dewaxing process, provides appropriate dimensional accuracy in the
tinal product. Although the use of heat-resistant refractories such as zirconia and alumina has increased
the cost of manufacturing these molds compared to other methods, they have a significant effect on
increasing accuracy and producing complex details in a way that reduces the duration of post-casting
finishing operations. The use of fused materials in these molds has increased their resistance to thermal
shocks, which has led to a reduction in losses in the molten material casting process and can well meet
the needs of artists, especially in the manufacture of limited-volume parts. Ultimately, the small volume
of refractory materials used to make these molds is very important in reducing material waste, which can

play an important role in environmental assessment and its wider acceptance in the field of art.
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Figure 1. Casting mold and metal melting crucible, 1st millennium BC, Azarbaijan Museum
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Table 1. Properties of refractory materials used in ceramic molds(Taromi & Babazadeh Agh Esmaili, 2005, p. 22)
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Table 2. Introduction and comparison of the properties of some waxes used in the precision casting industry) Taromi &

Babazadeh Agh Esmaili,2005, p.11)
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Table 4. Casting steps in ceramic shell molds
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