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Abstract: Molding of technical products with fixed thickness by casting quartz ceramics, based on pure quartz glass, requires specific 

technological regulations both in the preparation of the ceramic mass and in the process of molding itself. Due to the specif ic characteristics 

of the colloidal system such as low shrinkage and viscosity, casting in molds made only of gypsum is practically unworkable. A solution lies 
in developing a technology in which the dismantling of the die is supported so that the molded product can be easily removed.  Proposed here 

is a gypsum mold developed in such a way that a silicone insert is mounted where the lower part of the cast product will be. The 

technological process presented here in detail includes the main stages of preparing a model according to pre-set parameters, making a 
gypsum mold consisting of two-parts and with a silicone insert, casting and high-temperature synthesis of the finished product made of 

quartz ceramics. The development is suitable for complex and large-size technical products made not only of quartz ceramics, but also of 
other silicate colloidal systems characterized by  low and almost zero air shrinkage. 
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1. Introduction 

The development refers to the moulding of technical products 
with fixed thickness, for which there exist specific requirements for 

thermal resistance. Presented below are all the stages of the whole 
technological process: development of constructive documentation 

for building a model, taking into account the shrinkage of the 
material; preparing the complete moulding equipment which 

consists of a gypsum mould and a silicone insert; moulding of the 
product; high-temperature synthesis and finally, obtaining a finished 

product. As an example, we present a product with thick walls and 

with a certain depth, shaped as a truncated quadrangular pyramid 
with external dimensions of 205 x 105 h x 75 mm and wall 

thickness of 16 mm. The product is a refractory container used in 
the synthesis and melting of high-temperature steels. Other suitable 

examples are the production of equipment for pouring receivers 
(cups and crucibles) for steel melts, as well as saggars for the 

synthesis of zirconium cermets. The ceramics from which these 
products are made must meet certain requirements such as 

resistance to high-temperature shock, refractoriness and resistance 

to aggressive metals. One of the best ceramics meeting the above 
requirements is quartz glass ceramics. The refractory vessel can be 

developed from two products – mullite quartz and quartz ceramics. 
In the present study we consider the technological process of 

casting the second product. The casting of products with a complex 
shape from pure quartz glass ceramics requires a precise and 

specific technological process for their preparation, depending on 

the indicators and characteristics of the used ceramic composition in 
a colloidal state. An aqueous colloidal system based on amorphous 

SiO₂  from ground quartz glass consisting of two fractions in a 1:1 
ratio a) 0.3-0.15 mm and b) <125 µm is used. Homogenization and 

grinding is carried out by wet mixing in a mill unit (ball mill) by a 
single-stage technique in the conditions of an exothermic process, in 

which higher indicators of the final suspension are achieved. In the 
process of obtaining an aqueous colloidal system of quartz glass 

powders, the water exerts an active surface influence on the 

amorphous SiO₂ . In order to obtain a suspension with low 
humidity, an additional 5% of the powder mixture is added to the 

aqueous colloidal mixture 3–4 times before the final completion of 
the processes in the system, the process of stirring and final 

grinding taking approximately 2 hours. As a result of the water 
grinding of the quartz powders, a specific surface of 600–900 cm² 

per g is achieved. Initially, 25% distilled water is added to the 
system, and at the end of the process the amount of water is reduced 

to 22%. The duration of the water grinding before the additional 

activation with small portions of powder is 25–26 h. The resulting 
suspension quickly shapes the body of the raw product, and the 

products have a low shrinkage – up to 0.05%. The activation of the 
system is associated with the hydration of SiO₂  and the formation 

of surface tetrahedra due to the coupling of solid particles of SiO₂  
with ionized silicic acid which is obtained in the process of the 

water grinding with water playing an active role. An important 

requirement in the preparation of the slip is to monitor the pH of the 

suspension, where the optimal pH value is 4.5. Adjustment of the 

pH is done using HCl for lowering and VH₄ OH for raising it. The 
high-temperature synthesis is performed at a temperature from 

1,230ᵒC to 1,260ᵒC [1-2]. In the experimental part we present a 
modern technology for moulding ceramic products, whose mould 

includes a silicone insert in addition to the gypsum part. The 
approach is entirely innovative due to the specific behavior of the 

particular ceramic material in the process of slip casting, as the 
gypsum mould avoids absorbing the water contained in the material. 

2. Experiments  

The experimental part includes several main stages, starting 
with the preparation of instrumental equipment and ending with the 

moulding and high-temperature synthesis of technical products 
made of quartz glass ceramics. The first step in the preparation of 

the instrumental equipment is the compiling of technical 
documentation that specifies the entire set of the necessary 

parameters relating to products made of special ceramics. Figure 1 

shows a cross section of the refractory vessel, subject to the present 
development, with specific parameters excluding compressibility.        

 

Fig. 1. Cross section of a fixed-thickness refractory container for 

melting high-temperature steels. The set parameters refer to the finished 
product, to which should be added an increase relative to the mass used, 
which for quartz ceramics is 0.2%.  

 After the requirements regarding the dimensions and the 

compressibility relative to the mass used are specified, the process 
of making the actual model with the necessary magnification is 

started. The next stage is preparing the moulding equipment – a 
gypsum mould with a silicone insert – which is the main tool in the 

moulding process. The material used for the model and the base of 
the casting mould is moulding gypsum, a hemihydrate with the 

chemical formula CaSO45H2O mixed during casting in a weight 
ratio of dry matter to water of 1:1.5 [3]. The silicone insert uses a 
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two-component elastomer ZA22 by the Italian company Zhermack, 
with polymerization at room temperature and a Shore A hardness of 

22. The characteristics of the material depend on the properties of 
the product in the course of all processes after vulcanization [2]. 

Among the main properties of ZA22 are high chemical resistance to 
aggressive components; high tensile strength and high elasticity; 

high reproduction accuracy, listed in detail in Table 1 [6].  

Table 1: Chemical and physical properties of the silicone elastomer used in 

the making of the polymer insert in the casting mold. 

Mixing ratio 1 : 1 

Viscosity of pre-catalyzation mixture 4000 ± 300 cP 

Density of the Base component (g/cc) 1,13 

Density of the Catalyst component (g/cc) 1,13 

Colour Blue 

Working time at 23 °C (73 °F) WT=14’ – 17’ 

Setting time at 23 °C (73 °F) ST= 60 

Vulcanized product:  

Shore A hardness after 24 hours 21 ± 2 ShA 

Breaking load 4.0±0.2 

N/mm2 

Elongation at break 380 ± 20 % 

Tear strength >20 N/mm 

Reproduction of details 2 μm 

Dimensional variation after 24 hours < 0.05 % 

 

An elastomer with suitable hardness was selected according to 

the Shore durometer, which refers to the stability of the polymers 

subjected to plastic deformation. The elastic performance of the 
silicone used allows flexible disassembly without tearing either the 

insert itself or the moulded product [4-5].   

 The making of a model depends on the shape and cross-section 
of the product as set in the drawing. In the case of the refractory 

container, the model is made by hand in several stages. Specific for 
products with a fixed thickness is that the model must match on its 

inside the shape of the finished product, as opposed to those with an 

arbitrary thickness. For this purpose, a negative auxiliary part is 
initially made, through which the core is formed. The auxiliary part 

is machined according to all the necessary slopes and set radii, so 
that after casting the base, no subsequent work on the inside of the 

model will be required. The outer contour with the set obligatory 
thickness (in this case 16 mm + 0.2% increase to take into account 

the shrinkage of material at high temperature) is enclosed around 

the core and prepared for casting. The model is given a final shape 
externally according to the slopes and the set radii, after which the 

casting mould can begin to be made.  

The making of a two-part gypsum mould with a silicone insert 
begins with the first gypsum part, which forms the outer part of the 

product, and the sprues. The first part also serves as a base on which 
an auxiliary plate will be built together with the model. This plate 

will subsequently shape the silicone insert and determine its 

thickness according to the necessary technical parameters. It should 
be of equal thickness of approx. 7 mm, except for technological 

slopes for disassembly, so that the product can be removed without 
a problem. The second gypsum part occupies the space above the 

auxiliary base and it is a required mould thickness which is of 
approx. 35 - 40 mm for technical products. After the second part of 

the mould is ready, the auxiliary plate is removed and in its place is 
poured elastomer using the pourers additionally formed in it. It is 

desirable, after homogenizing the two components of the polymer, 

to perform a deaeration in a vacuum environment. The time 

required for complete vulcanization of the silicone is not longer 
than 24 hours, after which the material acquires all the necessary 

elasticity and strength. Figure 2 shows the parts of the mould die 
together with the silicone insert.  

 

       

   Fig. 2. Two-part gypsum mould with silicone insert. The first part, 

together with the sprues, forms the outer shape of the moulded article, while 
the silicone insert forms the inside.    

 

3. Conclusion  

A successful experiment was performed using an innovative 

approach for moulding a technical product with a fixed thickness 
made of quartz glass ceramics. The topical importance of the 

development is twofold. Firstly, it lies in the authors’ original recipe 

composition of an aqueous colloidal system of ground quartz glass 
based on amorphous SiO₂ , which allows the finished products to 

meet the specific requirements for thermal stability at high 
temperature. The low shrinkage of 0.2% and the water saturation of 

the suspension of 22%, in turn, requires the development of a 
specific process to facilitate the moulding stage, which leads to the 

second main innovative feature – the development of a gypsum 

mould with a silicone insert. The use of elastomer for the moulding 
parts for casting ceramic products is not a common practice due to 

the high water content in the ceramic colloidal compositions and the 
requirements for water absorption by the matrix mould. The 

selected polymer meets the necessary conditions after its complete 
vulcanization and especially those for elasticity, due to the depth of 

the final product and the relatively small degree of internal slopes. 
Figure 3 shows the final result for three samples of a refractory 

container after high temperature synthesis at 1,250°C and retention 

at a final temperature for 60 minutes. 

 

    

Fig. 3. High temperature synthesis of technical products with fixed thickness 

– refractory containers made of quartz glass ceramics, moulded in a gypsum 
mould with a silicone insert. 
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The experimental development shows the successful realization 
of thick-walled deep products made of special ceramics with low air 

shrinkage and moisture content of the initial mass. The study may 
be applicable to all similar masses meeting these requirements. 
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