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Abstract: In the article, the technology of liquefaction of thin – walled lifting window 
detail was developed and summarized. Due to the lack of a model of the lifting sunroof 
detail, the lifting sunroof detail was first cast in a special vacuum box mold from 
duralumin alloy using a combustible model. Then it was poured into a sand – clay 
mold from Ch 24 cast iron alloy. The chemical composition and microstructure of the 
poured sample were examined using a scanning electron microscope. As a result, a 
quality cast product was obtained. 
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Introduction 

Today, ferrous metals are widely used in industry due to the high demand for 
ferrous metals, their important physical and mechanical properties, as well as the fact 
that iron ores are widely distributed in nature, the production of steel and cast iron is 
cheaper than other non – ferrous metals and it is easy to produce. 

The mechanical properties of gray cast iron depend on the composition of the 
alloy, as well as the shape and size of the graphite inclusions. Pearlitic gray cast irons 
are stronger and ferritic gray cast irons are more plastic. Due to the low strength of 
graphite and the fact that cast iron is not bonded to iron, the base metal of the cast 
iron, the areas occupied by the graphite are voids and cracks can form there. They 
show the influence of strength and plasticity of cast iron. 

It is very important to obtain resource – saving, uncomplicated molding process, 
quality and cheap, competitive casting products by casting thin-walled cast products 
made from gray cast iron in sand – clay molds. Although thin – walled details are 
produced in various ways, their production in sand – clay molds is a complicated 
process [1, 2]. 
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Today, the most ductile alloy among metals and alloys is gray cast iron. 
Therefore, today in the field of gray cast iron casting, the alloy with good fluidity 
properties fills the cavity of the mold well and ensures a quality casting. Gray cast iron 
contains a large amount of carbon in the form of free graphite. The main reason why 
it is called gray cast iron is that when this type of cast iron is broken and the broken 
part is seen, the broken part appears gray due to reflection. Therefore, such cast iron 
is called gray cast iron. Gray cast iron is also known as cast iron due to its high ductility 
to the mold. In cast iron, graphite dampens vibrations well and is resistant to 
resonances. In addition, the high fluidity of graphite gray cast iron makes it possible 
to obtain castings of various shapes [3 – 8].  

 
1 – picture. SEM microstructure of pearlitic gray cast iron, showing 

(a) graphite particles surrounded by a pearlitic matrix, (b) cementite 
(Fe3C), ferrite and black graphite 

Figure 1 shows pearlite, cementite, ferrite and graphite structures. Therefore, 
the presence of free graphite in free gray cast iron is one of the important factors for 
increasing the fluidity of the alloy [9 – 14]. 
 
MATERIALS AND METHODS 

Currently, several research works are being carried out under the cooperation 
of Tashkent State Technical University, Tashkent State Technical University, Uzbek – 
Japanese Youth Innovation Center and JSC “Uzmetkombinat” enterprise. 2 – the thin 
– walled sliding roof used in the rolling shop was cast from SCH 24 – 44 cast iron in 
the “Casting – Mechanics” shop of “Uzmetkombinat” JSC enterprise using new 
innovative casting technologies. 

Due to the complex shape of the raised window detail, a vacuum furnace was 
used to cast its model. In this case, the model was first prepared from polystyrene 
material on a CNC Router digital machine. When preparing the part of the raised 
window, it was first prepared in 3 parts due to the complexity of the model. The pieces 
were then glued together to make the model whole. The process of making the model 
can be seen in Figure 2. 
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2 – picture. The process sequence of the part of the raised window 
made of polystyrene material on the CNC Router digital machine 

The prepared model was coated with fire – resistant paint and dried in the open 
air for 12 hours.  

The dried model was placed in a vacuum box at the “DetalMash” LLC 
production enterprise.  

First, sand with a large fraction was placed in the cell up to a thickness of 200 
mm 3 – picture.  

 
3 – picture. The process of placing the 
model in a mold with a special pocket 

4 – picture. The ready state of the 
mold with a special pocket 

 
Next, a prefabricated model with two injection channels and four feeders was 

deployed. The cage was then filled with sand and sealed with an airtight synthetic bag 
over the top of the sand. The main purpose of this is to provide a vacuum when air is 
drawn from a special vacuum forming mold 4 – Fig. 5 atm from a special box mold. 
under pressure, air was sucked through special pipes until the liquid alloy was poured 
into a mold with a special pocket from the bottom of the mold. 

In an induction furnace, Al alloy was liquefied by adding one percent of Cu. 
Duralumin alloy was poured into two ladles heated at 6800 C and poured into a 
specially prepared mold with a cell. The pouring process can be seen in pictures 5, 6.  
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5 – picture. The process of heating 
duralumin alloy 

6 – picture. The process of casting 
the alloy in two buckets into a 
special pre-made pocket mold 

 
The cast model was removed from the special cell mold and the model was 

polished on a polishing machine to smooth its thin – walled surfaces. The process of 
extracting the casting from the mold with a special pocket can be seen in pictures 7, 8. 

 
7 – picture. The process of 
extracting a casting from a 
mold with a special cell 

8 – picture. View of the finished 
model 

 
Then, in the induction furnace of 180 kg, the composition of SCh 24 – 44 gray 

cast iron was calculated according to the requirements of GOST, and the furnace was 
first loaded with large solid materials, after metal liquefaction, and then with small 
solid materials [15 – 20]. The recommended chemical composition for SCh 24 – 44 
gray cast iron is presented in Table 1. 
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Table 1 
Recommended chemical composition for SCh 24 – 44 gray cast iron 

Cast 
iron 
brand 

Chemical composition, % 

С Si Mn P S Cr Ni Cu 

SCh 24 – 
44 

2,9 – 
3,2 

1,2 – 
1,6 

0,8 – 
1,2 

0,1 – 
0,2 

0,10 – 
0,15 

0,2 – 
0,3 

0,3 – 
0,5 

0,2 – 
0,4 

 
After complete liquefaction, the alloy was removed from slag and FeSi 65 and 

FeMn 90 ferroalloys were added to the furnace, M 10 copper phosphorus as a modifier. 
Liquid metal was poured into a ladle at a temperature of 1450 – 14600 C and poured 
into a pre – prepared casting mold at a temperature of 1430 – 14400 C. 

After four hours of cooling, the cast product cast in the foundry mold was 
removed from the mold, and the surface of the sand was cleaned of mold sand to cast 
a smooth thin – walled skylight detail.  
 
Result 

After 6 hours of standing in the sand – clay mold, the thin – walled cast product 
was removed from the mold, the sand on the surface of the cast product was cleaned, 
and its mechanical and physical properties were checked.  
 The chemical composition of the sample was determined on a spectral analyzer 
model “SPECTROLAB – 10 M” and is given in table 2. 

Table 2 
Chemical composition of liquefied cast iron of the SCh 24 – 44 brand 

Cast iron brand 
Chemical composition, % 

С Si Mn P S Cr Ni Сu 

SCh 24 – 44 3,0 1,4 1,1 0,2 0,14 0,3 0,4 0,2 

 

The samples were processed step by step using abrasive papers with a surface 
of 500, 1000, 1500, 2000 and 4000 microns. The surface of the samples was polished 
using WC (tungsten carbide) paste. After the polishing process, the samples were 
treated with reagents according to GOST 5639 – 82. Hydrochloric acid (HCl) and 
picric acid (C6H2(NO2)3OH) were used as reagents. The main purpose of reacting the 
structure of the samples is to divide the structure of the samples into phases and study 
them under a microscope.  

As a result, it became possible to separate gray cast iron structures into clear 
boundaries. The structures of the samples were viewed on METAM PB – 23 brand and 
SEM scanning electron microscopes at x100, x3000 magnification. 
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9 – a – picture. METAM PB – 23 
microscope image of the specimen 
at x100 magnification 

9 - b - picture. METAM PB – 23 
microscope image of the specimen 
at x100 magnification 

 Figure 9 – a shows that the sample is composed of plate graphite, and Figure 9 
– b shows the structure of plate pearlite, ferrite and graphite. 
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10 – v – picture. METAM PB – 23 
microscope image of the specimen 
at x100 magnification 

10 – g – picture. METAM PB – 23 
microscope image of the specimen 
at x500 magnification 

Figures 10 – v, g show that the samples are composed of plate pearlite, ferrite, 
graphite, phosphide eutectic, the upper zone of the sample is seen in figure 10 – v, and 
the middle zone in figure 3 – g. 
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11 – picture. METAM RV – 23 microscope image of the specimen at x100 
magnification 

Figure 11 shows a sample with plate pearlite, ferrite and free graphite. 

 

12 – picture. SEM image of the microstructure at x3000 magnification 
using a scanning electron microscope 
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Figure 12 shows that graphite fragments have different shapes and thicknesses. 
In addition, free graphite separation increased due to increased silicon content in gray 
cast iron. As a result, the fluidity of gray cast iron increased, and a quality thin – walled 
cast product was obtained. 

Conclusion 
 In order to increase the fluidity of gray cast iron for liquefaction of thin-walled 
casting products, MF 10 copper phosphorus was introduced into the furnace and the 
fluidity of gray cast iron was increased. In addition, the amount of silicon in the alloy 
was increased, as a result of which it was observed that free graphite was separated 
more. As a result, the ductility of gray cast iron increased even more. Also, due to the 
smallest wall thickness of the cast thin-walled cast products being 8 mm, the 
temperature of the alloy was increased to 1450 – 14600 C in order to better move the 
alloy between the thin walls and better fill the mold cavity. By raising the temperature 
of the alloy, the fluidity was further increased, and the mold cavity was well filled. In 
conclusion, casting of thin-walled cast products was achieved using the methods listed 
above.  
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